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OFFICERS  OF  THE 

ULOISTTRE^AJL   MEETIISTG. 


FBESIDENT. 
J.  W.  Dawson,  of  Montreal. 

VICE  PRESIDENTS. 

A.  Matlieinatios  and  Astronomy— W.  A.  Roobbs,  of  Cambrldgey  In 
the  absence  of  Wm.  Harkness,  of  WasbtDgton. 

B.  Physics — T.  C.  Mbndenhall,  of  Columbas. 

C.  Cliomistry — H.  C.  Bolton,  of  Hartford. 

D.  Meclianical  Science— W.  P.  Trowbridgr,  of  New  Haven.* 

E.  Gfreology  and  Geography— £.  T.  Cox,  of  San  Francisco. 

F.  Biology — W.  H.  Dall,  of  Washington. 

Q.  Histology  and  Microscopy— A.  H.  Tuttlb,  of  Columbas. 
H.  Anthropology— A  LBXANDKR  Wincuell,  of  Ann  Arbor,  In  the  ab- 
sence of  Danikl  Wilson,  of  Toronto. 
I.   Economio  Science,  and  Statistics— E.  B.  Elliot,  of  Washington. 

PEBMANENT  SECRETARY. 
F.  W.  Putnam,  of  Cambridge. 

GENERAIi  SECRETARY. 

Wiluam  Saundbrs,  of  London,  Ontario. 

ASSISTANT  GENERAL  SECRETARY. 

J.  R.  Eastman,  of  Washington. 

SECRETARIES  OF  THE  SECTIONS. 

A.  Mathematies  and  Astronomy— H.  T.  Eddv,  of  Cincinnati. 

B.  Physios— Ch AS.  S.  Hastings,  of  Balilmore. 

C.  Chemistry — Alfrkd  Springer,  of  Cincinnati. 

D.  Mechanical  Science— J.  Bcrkitt  Webb,  of  Ithaca,  in  the  absence 
of  Chas.  B.  Dcdlky,  of  Altoona. 

E.  Qeology  and  Geography— H.  S.  Williams,  of  Ithaca,  in  the 
absence  of  C.  E.  Dutton,  of  Washington. 

F.  Biology— William  Oslbr,  of  Montreal,  in  the  absence  of  Charles 

S.  Minot,  of  Boston. 

G.  Histology  and  Microscopy— Robert  Brown,  Jr.,  of  Cincinnati. 
H.  Anthropology— Otis  T.  Mason,  of  Washington. 

I.  Boonomio  Soienoe,  and  Statistics— F.  B.  Hough,  of  Lowville. 

TREASURER. 
[Wuxiam  S.  Vaux,  the  Treasurer-elect,  died  In  May  1882.] 
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OFFICERS   OF  THE   MONTREAL   MEETING. 


STANDING    COMMITTEE. 


Past  Presidents.— James  D.  Dana,*  of  New  Haven;  Jambs  Hall,  of  Al- 
bany ;  Stefhkn  Alexandrr,*  of  FrlncetoD ;  Isaac  Lea,*  of  Philadelphia ; 
F.  A.  P.  Barnard,*  of  New  York ;  J.  S.  Nkwbkrry,  of  New  York ;  B.  A. 
Gould,*  of  Boston;  T.  Sterry  Hunt,  of  Montreal;  Asa  Gray,  of  Cam- 
bridge; J.  Lawrence  Smith,*  of  Louisville;  Joseph  Lovering,*  of  Cam- 
bridge ;9ohx  L.  LeConte,*  of  Philadelphia;  J.  E.  Hilgard,*  of  Wash- 
ington ;  Simon  Newcomb,*  of  Washington ;  0.  C.  Marsh,*  of  New  Haven ; 
George  F.  Barker,  of  Philadelphia ;  George  J.  Brush,  of  New  Haven. 

Vice  Presidents  of  the  Last  Meeting,— Williaia  Harkness,*  of  Washing- 
ton; £.  T.  Cox,  of  San  Francisco. 

Officers  of  the  Present  Meeting. —  J.  W.  Dawson,  of  Montreal ;  Wm. 
Harkness,*  of  Washington;  T.  C.  Mendenhall,  of  Colombns;  H.  C. 
Bolton,  of  Hartford ;  W.  P.  Trowbridge,  of  New  Haven ;  E.  T.  Cox, 
of  San  Francisco ;  W.  H.  Dall,  of  Washington ;  A.  H.  Tuttle,  of  Colum- 
bus; Daniel  Wilson,*  of  Toronto;  E.  B.  Elliott,  of  Washington;  F. 
W.  Putnam,  of  Cambridge ;  Wm.  Saunders,  of  London ;  J.  K.  Eastman, 
of  Washington ;  H.  T.  Eddy,  of  Cincinnati ;  C.  S.  Hastings,  of  Balti- 
more; Alfred  Springer,  of  Cincinnati;  C.  B.  Dudley,*  of  Altoona;  C. 
E.  Dutton,*  of  Washington ;  C.  S.  Minot,*  of  Boston;  Robert  Brown, 
Jr.,  of  Cincinnati;  O.  T.  Mason,  of  Washington;  F.  B.  Hough,  of  Low- 
ville;  W.  A.  Rogers,  of  Cambridge;  Alexander  Winchell,  of  Ann 
Arbor;  J.  Burkitt  Were,  of  Ithaca;  H.  S.  Williams,  of  Ithaca ;  Wil- 
liam OsLER,  of  Montreal. 

From  the  Association  at  Large.—W.  W.  Johnson,  of  Annapolis ;  P.  R. 
Hoy,  of  Racine ;  E.  W.  Blake,  of  Providence ;  S.  A.  Lattimore,  of 
Rochester ;  G.  H.  Cook,  of  New  Brunswick ;  A.  J.  Cook,  of  Lansing ; 
R.  H.  Ward,  of  Troy ;  Db  Volson  Wood,  of  Hoboken ;  C.  A.  Young, 
of  Princeton. 

*  Not  present. 


LOCAL  COMMITTEE 

OF  THE 

MONTREAL  MEETING. 


EXECUTIVE  COMMITTEE. 

.    CHATBMAJT. 
T.  Sterry  Hunt,  LL.  D.,  F.  R.  8. 

SECBETABIES. 
S.  C.  Stkvenson,  B.  a.,  Frank  W.  Hicks,  M.  A. 

TBEASUBSB. 
R.  Moat. 

non.  Jamrs  Fbrrikr,  Hon.  Thomas  Ryan,  Andrew  Allan,  Hod.  Mr. 
Justice  Mackay,  Hon.  J.  L.  Braudry,  Dr.  J.  W.  Dawson,  Chief  Justice 
DoRfON,  M.  H.  Gault,  M.  p.,  C.  F.  Smithers,  Hon.  Hy.  Staunes, 
Hon.  P.  MrrcHKLL,  L.  O.  Taili.ox,  Hon.  W.  W.  Lynch,  Hon.  A.  W. 
Ogiltir,  Hon.  J.  A.  Chaplkau,  F,  Wolfkrstan  Thomas,  R.  Moat,  S. 
E.  Dawson,  TV.  R.  Salter,  Chas.  Garth,  John  Bkmrosr,  Dr.  W.  H. 
Kingston,  Prof.  H.  T.  Bovky,  J.  Stevenson  Brown,  Thomas  Craig, 
Dr.  W.  OsLKR,  Prof.  C.  H.  McLkod. 

'  SPECIAL  COMMITTEES. 

GOIOCITTSS  ON  INVITATIONS  AND  BECEPTION. 
Chairman—'Dr,  T.  Sterry  Hunt, 
Secretaries— S.  C.  Stevenson,  F.  W.  Hicks. 

Hon.  P.  J.  O.  Chauveau,  Sir  H.  Allan,  G.  A.  Drummond,  Henry  Lyman, 
IT.  £.   Archambault,  Thomas   Workman,  Guillaume  Lamotlie,   Edward 
Morphy,  Mnjor  I^atonr,  Russell  Stevenson,  Hon.  J.  L.  Bcaudry,  G.  W. 
Stephens,  M.  P.  P.,  John  Molson,  Hon.  Mr.  Justice  Cross,  Hon.  Mr.  Justice 
Baby,  Hon.  Mr.  Justice  Johnson,  Dr.  McConnell,  C.  R.  Chlsholra,  John 
Lewis,  Joseph  Hickson,  Rev.  Canon  Henderson,  Wm.  Lunn,  J.  S.  Mc- 
Lftchlan,  O.  S.  Wood,  H.  H.  Lyman,  Prof.  C.  E.  Moyse,  Dr.  Alex.  John- 
son, Dr.  R.  P.  Howard,  T.  D.  King,  J.  A.  U.  Bcaudry,  R.  G.  Leckle, 
Rev.  J.  S.  Black,  Rev.  Jas.  Roy,  Rev.  Dr.  Murray,   Louis  Lesage,   H. 
Molt,  Rev.  Canon  Norman,  H.  Sugden  Evans,  P.    S.  Stevenson,  Andrew 
Allan,  Tiios.  White,  M.  P.,  Alex.  Buntin,  M.  P.  Ryan,  M.  P.,  Hon.  John 
Hamilton,  Rev.   W.   S.  Barnes,  Very   Rev.   Dean  Baldwin,   Rev.  G.  H. 
Wells,  Ucv.  Dr.  Macvicar,  Rev.  Dr.  Douglass,  J.  B.  Rolland,  C.  O.  Per- 
rault.  Dr.  I^prohon,  A.  M.   Gianelli,  C.  H.  Walters,   A.  T.  Drummond, 
Rev.  Dr.  Clarke,  George  Stephen,  Rev.  Canon  Ellegood,  Victor  Hudon, 
II.  Bolmer,  Alfred  Brown,  J.  K.  Ward,  N.   W.  Trcnholme,  E.   Holton, 
M.  P.,  R.  A.  Ramsay,  D.  Macmastor,  M.  P.,  Rev.  Dr.  Stevenson,  J.  C. 
Wilson,  D.  Glronard,  M.  P.,  Alex.  Murray,  H.  R.  Ives,  Rt.  Rev.  W.  B. 
Bond,  Rt.  Rev.  E.  C.  Fabre,  J.   H.   Joseph,  J.  S.  Hunter,  T.  J.  Ciaxton, 
Hon.  Charles  D.  Day,  Sir  Francis  Hlncks,  Sir  A.  T.  Gait,  Hon.  J.  J.  C. 
Abbott,  Hon.  Mr.  Justice  Torrance,  Peter  Redpath,  F.  N.  Boxer,  Alder- 
man Wilson,  G.  R.  Prowsc,  Alderman  Hood,  G.  R.  Grant,  Dr.  O.  C.  Ed- 
wards, Dr.  W.  O.  Beers,  Alderman  Grenler,  Alderman  Mooney,  Alderman 
Kennedy,  A.  C.  Hatcblson,  A.  D.  Steele. 

(XI) 


xu  LOCAL  cOManTT£E  OF  THE  mo:;treal  meetikq. 


COMMITTEE  ON  FINANOB. 

Chairman  — F.  Wolfkkstan  Thomas. 
Secretary  —  J.  Stkvenson  Bkown. 
Treasurer  —  U.  Moat. 

GeorjQ;e  Hngue,  W.  J.  Buchanan,  II.  McLennan,  Hon.  Louis  Beaubien, 
G.  L.  Marler,  Thomas  Craig,  T.  C.  Brainard,  J.  II.  Joseph,  T.  S.  Brown, 
B.  B.  Angus,  F.  B.  Matthews,  A.  Desjardins,  M.  P.,  A.  A.  Trottier,  M.  II. 
Gault,  M.  P.,  11.  R.  Grlndley,  Andrew  Robertson,  James  Crathern,  Hon.  J. 
R.  Thlbaudeau,  G.  B.  Burland,  A.  F.  Gault,  Jacques  Grenier,  R.  Prcvost. 

COMMITTEE  ON  CONVEYANCE,  ENTEBTAINMENTS  AND 

EXCUHSIONS. 

Chairman.— Dr.  W.  H.  Hingston. 
Secretary. — Prof.  Bovky. 

A.  R.  C.  Selwyn,  D.  A.  P.  Watt,  Dr.  J.  Baker  Edwards,  M.  Brissette, 
Severe  lUvard,  J.  H.  R.  Molson,  L.  Lcsagc,  John  S.  Shearer,  A.  B. 
Chaffee,  L.  A.  Scnecal,  A.  C  Stonegrave,  J.  Kennedy,  C.  C.  McFall, 
G.  D.  Ansley,  L.  J.  Sargeant,  Col.  E.  A.  Whitehead,  J.  Stephenson, 
Herbert  Wallis,  Angus  Grant,  C.  J.  Fleet,  F.  F.  Bateman. 

COMMITTEE  ON  HOTELS,  LODGINGNS  AND  LUNCHEONS. 

Chairman. —  Charles  Gartu. 
Secretary.— J.  Bemrosk. 

John  Torrance,  M.  II.  Sanborn,  R.  S.  C.  Bagg,  D.  Morrlce,  J.  T. 
Donald,  G.  W.  Stephens,  M.  P.  P.,  Geo.  W.  Craig,  Hon.  A.  W.  Ogilvie,  G. 

B.  Burlaud,  Geo.  lies,  Col.  A.  A.  Stevenson,  J.  J.  McLaren,  James 
Shearer. 

COMMITTEE  ON  BOOMS  AND  PLACES  OF  MEETING. 

Chairman. — Dr.  W.  Osler. 
Secretary, — Prof.  C.  H.  MgLuod. 

Dr.  Harrington,  Wm.  Mulr,  Rev.  Prof.  Campbell,  Frank  Rcdpath,  Prof. 
P.  J.  Darey,  G.  II.  Chandler. 

COMMITTEE  ON  PRINTINO  AND  PUBLICATION. 
Chairman* — S.  E.  Dawson. 
Secretary.  — W.  R.  Salter. 

J.  R.   Dougall,  Dr.  L.  H.  Frechette,  Richard  White,  Hugh  Graham, 

C.  A.  Dansereau,  H.  Beaugrand,  James  Stewart,  J.  Tass6,  M.  P.,  F.  Houde, 
M.  P.,  L.  O.  David,  J.  C.  Fleming,  Rev.  A.  J.  Bray,  Col.  A.  A.  Steven- 
son, J.  J.  McLaren,  Q.  C,  R.  W.  Boodle,  Dr.  W.  A.  Molson,  P.  A.  Peter* 
son,  F.  B.  Dakin,  S.  C.  Stevenson,  F.  W.  Hicks. 


OFFICERS  ELECTED 

FOR  THB 

MXNriSrEA.POLIS   MEETING, 


THIRD  WEDNESDAY  IN  AUGUST,  1888. 


PRESIDENT. 
C.  A.  Young  of  Princeton. 


VICE  PRESIDENTS. 

A.  Matliematios  and  Astronomy— W.  A.  Rogers  of  Cambridge. 

B.  Physics — H.  A.  Rowland  of  Baltimore. 

C.  Chemistry— Edward  W.  Morlky  of  Cleveland. 

D.  Mechanical  Science— Dk  Volson  Wood  of  Hobolcen. 

E.  Greology  and  G^eography— C.  H.  Hitchcock  of  Hanover. 

F.  Biology — W.  J.  Beal  of  Lansing. 

Q.  Histology  and  Microscopy— J.  D.  Cox  of  Cincinnati. 

H.  Anthroi>ology— O.  T.  Mason  of  Washington. 

I.  Soonomic  Science,  and  Statistics— F.  B.  Hough  of  Lowvillc. 

PERMANENT  SECRETARY. 
F.  W.  Putnam,  of  Cambridge. 

OENERA.L  SECRETARY. 
J.  R.  Eastman  of  Washington. 

ASSISTANT  GENERAL  SECRETARY. 

Alfred  Sprinokr  of  Cincinnati. 

SECRETARIES  OF  THE  SECTIONS. 

A.  Mathematics  and  Astronomy— W.  W.  Johnson  of  Annapolis. 
B«  Physics — C.  K.  Wbad  of  Ann  Arbor. 

C.  Chemistry — J.  W.  Langlky  of  Ann  Arbor. 
D«  Mechanical  Science— [Resigned.] 

B.  <3eology  and  Geography- Alexis  A.  Julien  of  New  Yorlc. 
F.  Biology — S.  A.  Forbes  of  Normal. 

Gl^.  Histology  and  Microscopy— Carl  Seilrr  of  Philadelphia. 
H.  Anthropology— G.  H.  Perkins  of  Burlington. 
I.   Economic    Science,    and    Statistics  — Joseph    Cummings   of 
EvanstoD. 

TREASURER. 

Wiluam  Lilly  of  Mauch  Chunk. 

(xili) 


MEMBERS  OF  THE  STANDING  COMMITTEE 


FOR  THE 


MESTNEAPOLIS  MEETING. 


PaH  Pre$idetU8.—jA}AKS  D.  Dana  of  New  Haven;  Jambs  Hall  of 
Albany ;  Isaac  Lea  of  Philadelphia ;  F.  A.  P.  Barnard  of  New  York ; 
J.  S.  NKWBKRitY  of  New  York ;  B.  A.  Gould  of  Boston ;  T.  Sterry 
Hunt  of  Montreal ;  Asa  Gray  of  Cambridge ;  J.  Lawrence  Smith  of 
Louisville;  Joseph  Lovkrino  of  Cambridge;  John  L.  LeConte  of 
Philadelphia;  J.  E.  Hilgard  of  Washington ;  Simon  Newcomb  of  Wash- 
ington; O.  C.  Marsh  of  New  Haven;  Georqe  F.  Barker  of  Philadelphia ; 
George  J.  Brush  of  New  Haven;  J.  W.  Dawson  of  Montreal. 

Vice  Presidents  of  the  last  Meeting. — Wm.  Harkness  of  Washington ; 
T.  C.  Mendenhall  of  Colnmbus;  H.  C.  Bolton  of  Hartford;  W.  P. 
Trowbridge  of  New  Haven ;  E.  T.  Cox  of  San  Francisco ;  W.  H.  Dall 
of  Washington ;  A.  H.  Tuttle  of  Columbus ;  Daniel  Wilson  of  Toronto ; 
Alexander  Winchell  of  Ann  Arbor ;  E.  B.  Elliott  of  Washington. 

■ 

Officers  of  the  Meeting.— C.  A.  Young  of  Princeton ;  W.  A.  Rogers  of 
Cambridge;  H.  A.  Rowland  of  Baltimore;  Edward  W.  Morlet  of 
Cleveland ;  De  Volson  Wood  of  Hobokcn ;  C.  H.  Hiichcock  of  Hanover ; 
W.  J.  Beal  of  Lansing;  J.  D.  Cox  of  Cincinnati;  O.  T.  Mason  of  Wash- 
ington; F.  B.  Hough  of  Lowvllle;  F.  W.  Putnam  of  Cambridge;  J.  B. 
Eastman  of  Washington;  Alfred  Springer  of  Cincinnati;  W.  W. 
Johnson  of  Annapolis;  C.  K.  Wead  of  Ann  Arbor;  J.  W.  Langley  of 
Ann  Arbor;  Alexis  A.  Juijen  of  New  York;  S.  A.  Forbes  of  Normal; 
Carl  Seiler  of  Philadelphia;  G.  H.  Perions  of  Burlington;  Joseph 
CuMMiNGS  of  Evanston ;  William  Lilly  of  Maunch  Chunk. 

From  the  AssocicUion  at  large.— One  Fellow  to  be  elected  fh)m  each 
Section. 
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LOCAL  COMMITTEE 

FOB  THB 

MINNEAPOLIS  MEETING. 


Hon.  George  A.  Pillsbubt. 

SBCBETABT. 
Prof.  N.  H.  WmcHELL. 

TBBASITBER. 

Hon.  George  A.  Pillsburt. 

SUBCOMMITTEE  ON  IITVITATIONS  AND  BEOBFTION. 
Chairman. — President  W.  W.  Folwell. 

« 

SUBCOMHITTEE  ON  FINANCE. 
Chairman. — J.  C.  Seelet,  Esq. 

SUBCOMMITTEE  ON  TRAN8POBTATION  AND  EXCUB8ION8. 

Chairman.— TnoyiAS  Lowry,  Esq. 

SUBCOMMITTEE  ON  ENTERTAINMENT,  HOTELS,  IiODGINaS 

AND  LUNCHEONS. 

Chairman. —Hon.  A.  C.  Rand. 

SUBCOMMITTEE  ON  ROOMS  AND  PLACES  OF  MBETTNG. 
C'Aaimiaii.— Hon.  Eugene  M.  Wilson. 

SUBCOMMITTEE  ON  PRINTING. 
Chairman. —  David  Blakelt,  Esq. 

GENERAL  COMMITTEE. 

Hun.  George  A.  Brackett  ;  Hon.  A.  C.  Rand  ;  Hon.  John  De  Laittre  ; 
£x-Gov.  John  8.  Pillsbury;  W.  W.  McNair,  Esq.;  Dr.  Wm.  W. 
Folwell;  Charles  W.  Johnson;  Gen.  A.  B.  Nettleton;  Hon.  W.  W. 
Waqibubn;  T.  B.  Walker;  Hon.  O.  C.  Merriman;  E.  V.  White;  Hon. 
H.  T.  Welles  ;  Col.  H.  G.  Hicks  ;  Thomas  Lowry,  Esq. ;  Winthrop 
Young;  hAi.  W.  S.  King ;  David  Blaxely ;  Hon.  R.  B.  Langdon;  Hon. 
D.  L.  Kiehle;  J.  C.  Seeley,  Esq;  Anthony  Kelly;  Dr.  A.  P.  Elliott; 
Hon.  F.  W.  Brooks  ;  Hon.  Eugene  M.  Wilson. 

(XV) 


SPECIAL    COMMITTEES. 


1.    Permanent  Committee  on  Weights^  Measures  and  Coinage. 


F.  A.  P.  Babnard,  of  New  York, 
B.  A.  Gould,  of  Boston, 
J.  £.  HiLGAKD,  of  WashiDgtoD, 
H.  A.  Nkwtox,  of  New  Haven, 


J.  Lawrenck  Smith,  of  Looisville, 
E.  B.  Elliott,  of  Washington, 
John  Trowbridge,  of  Cambridge, 
A.  M.  Mayer,  of  Hoboken. 


2.     Committee  to  Memorialize  the  Legislature  of  New  York  for  a  New 

Survey  of  Niagara  Falls. 

G.  W.  HoLLET,  of  Niagara  Falls,       |  J.  T.  Gardner,  of  Albany. 


3.     Committee  on  Membership. 


The  Members  of  the  Standing  Committee. 


4.     Committee  on  the  best  methods  of  Science  Teaching  in  the  Public 

Schools. 


E.  L.  Youmaxs,  of  New  York, 
A.  R.  Grotk,  of  New  York, 
J.  S.  Newbkriiy,  of  New  York, 


J.  W.  Powell,  of  Washington, 
N.  S.  Shalbr,  of  Cambridge, 
N.  T.  LupTON,  of  Nashville. 


5.     Committee  on  the  liegistration  of  Deaths,  Births,  and  Marriages. 


E.  B.  Elliott,  of  Washington, 
J.  B.  KiLLEBREW,  of  Nashvllle, 
E.  T.  Cox,  of  Saa  Francisco, 


F.  B.  Hough,  of  Lowv^lle, 
J.  S.  Copes,  of  New  Orleans, 
John  Collett,  of  Indianapolis. 
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SPECIAL   COMMITTEES. 
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6.    ConimUtee  on  Standard  Time, 


Ormoxd  Stonb,  of  Univ.  of  Va. 
S.  P.  Lakglky,  of  Allegheny, 
£.  0.  PiCKBKiNG,  of  Cambridge, 
J.  K.  Eastman,  of  Washington, 


Lewis  Boss,  of  Albany, 
Leonard  Waldo,  of  New  Haven, 
J.  K.  Rkes,  of  St.  Loois, 
G.  W.  Hough,  of  Lowviile, 


H.  S.  Pritchett,  of  Glasgow. 


7.    CommiUee  on  Stellar  Magnittidee. 


£.  C.  PfCKRRiNO,  of  Cambridge, 
Lewis  Bues,  of  Albany, 
S.  W.  BuRKUAM,  of  Chicago, 
Asaph  Hall,  of  Washington, 
William  Harkkess,  of  Washington, 


E.  S.  Holden,  of  Madison, 
Simon  Newcomb,  of  Washington, 
C.  H.  F.  Peters,  of  Clinton, 
Ormond  Stone,  of  Univ.  of  Va. 
C.  A.  Young,  of  Princeton. 


8.     CommiUee  on  State  Geological  Surveys. 


G.  C.  Swallow,  of  Columbia, 

James  Hali«,  of  Albany, 

John  R.  Procter,  of  Frankfort, 


K.  H.  WiNCHELL,  of  Minneapolis, 

W.  C.  Kkrr,  of  Raleigh, 

J.  W.  Powell,  of  Washington, 


Edward  Orton,  of  Columbus. 


9.     Committee  to  confer  loUh  Committees  of  Foreign  Associations  for 
the  Advancement  of  Science  icith  reference  to  an  Inteimational 
Convention  of  Sdenti/lc  Associations, 

T.  Sterry  Hunt,  of  Montreal,         |    Alexander  Agassiz,  of  Cambridge. 

Simon  Newcomb,  of  Washington. 


10.     CommiUee  to  confer  with  a  Committee  of  the  British  Association 
for  the  Advancement  of  Science  on  the  Annual  Becords  of 

Science. 


J.  W.  Dawson,  of  Montreal, 
F.  W.  Clark,  of  Washington, 

C.  A.  White,  of  Washington. 
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Edward  S.  Dana,  of  New  Haven, 
H.  W.  Martin,  of  Baltimore, 
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11.     Committee  to  devise  a  plan  for  t?ie  proper  indexing  of  the 

Literature  of  the  Chemical  Elements, 


H.  OARBmGTON  Bolton,  of  Hart- 
ford, 
Ira  Remsen,  of  Baltimore, 


F.  W.  Clark,  of  WoshingtoD, 
A.  R.  Leeds,  of  Hoboken, 
A.  A.  JuLiBN,  of  New  York. 


12.     Committee  on  a  Primary  Meridian  and  an  International  Standard 

of  Time, 


F.  A.  P.  Barnard,  of  New  York, 
C.  A.  Young,  of  Princeton, 
T.  Sterry  Hunt,  of  Montreal, 


J.  R.  Eastman,  of  Washington, 
Charles  Carpmael,  of  Toronto, 
£.  B.  Eluott,  of  Washington. 


13.     Committee  on  International  Congress  of  Geologists, 


James  Hall,  of  Albany, 
J.  W.  Dawson,  of  Montreal, 
J.  S.  Newberry,  of  New  York, 


T.  Sterry  Hunt,  of  Montreal, 
C.  H.  Hitchcock,  of  Hanover, 
Raphael  Pumpelly,  of  Owego, 


J.  P.  Lesley,  of  Philadelphia. 


14.     Committee  to  confer  with  the  United  States  Geologist  in  regard  to 
codperatio7i  between  the  Government  and  State  Geological  Surveys. 


James  Hall,  of  Albany, 
T.  Sterry  Hunt,  of  Montreal, 
J.  S.  Newberry,  of  New  York, 
N.  H.  WiNCHELL,  of  Minneapolis, 


C.  H.  Hitchcock,  of  Hanover, 
J.  P.  Lesley,  of  Philadelphia, 
G.  H.  Cook,  of  Brunswick, 
E.  A.  Smith,  of  Tuscaloosa, 


Joseph  Le  Coxte,  of  San  Francisco. 
This  Committee  has  power  to  add  to  its  number. 


15.    Auditors, 


Henry  Wheatland,  of  Salem,         |  Thomas  Meehan,  of  Germantown. 
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COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  TEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  BEYENTr-FODR. 


AN^  ACT 

To  Incorporate  the  ''  American  Association    for  the 

Advancement  op  Science." 

Be  it  enacted  by  the  Senate  and  House  of  Bepresentatives^  in  General  Court 
{ueembled,  and  by  the  authority  of  the  eame,  €i»  follows : 

Sbction  1.  Joseph  Henry  of  WashingtOD,  BeDjamln  Pierce  of  Cam* 
bridge,  James  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Providence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  **  American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  '*  American  Association  for  the 
Advancement  of  Science,**  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  it  now  is,  or 
hereafter  may  be  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  in  value,  and  personal  estate  of  the  value  of  two  hundred  and 
fifty  thousand  dollars. 

Section  8.  Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  **  by  mall,"  to  each  member  of 
the  said  Association. 

Section  4.    This  act  shall  take  effect  upon  its  passage. 

House  of  Bepresentativbs,  March  10, 1S74. 

Passed  to  be  enacted, 

John  £.  Samford,  Speaker 
In  Senate,  March  17,  1874. 

Passed  to  be  enacted,  March  19,  1874. 

Geo.  B.  Loiuno,  President,  Approved, 

W.  B.  Washburn. 
Secretary's  Department, 

Boston,  April  8,   1874. 

A  true  copy.  Attest: 

David  Pulsifkr, 

Deputy  Secretary  of  the  Commoiiwealth* 
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CONSTITUTION 

or  THB 

AMERICAN  ASSOCUTION  FOR  THE  ADVANCEMENT 

OF  SCIENCE.* 

iBoorporatod  by  Act  of  the  General  Court  of  the  Commonwealtb  of  MaMacbiuetta. 


Objects. 

Abtigub  !•  Tho  objects  of  the  Association  are,  by  periodical  and  ml* 
gratory  meetings,  to  promote  intercourse  between  those  who  are  colti- 
vating  science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  increased  fiicillties  and  a  wider 
usefulness* 

Mkmbebs,  Fellows,  Patrons  and  Honorary  Fellows. 

Art.  2.  The  Association  shall  consist  of  Members,  Fellows,  Patrons, 
and  Honorary  Fellows. 

Art.  8.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  nomination  by 
the  Standing  Committee,  and  election  by  a  majority  of  the  members  and 
fellows  present  in  General  Session. 

Art.  4.  Fellows  shall  be  nominated  by  the  Standing  Committee  Arom 
such  of  the  members  as  are  professionally  engaged  In  science,  or  have  by 
their  labors  aided  in  advancing  science.  The  election  of  fellows  shall  be 
by  ballot  and  a  m^orlty  vote  of  the  members  and  fellows  present  in  Gen- 
eral Scssion.f 

Art.  6.  Any  person  paying  to  the  Association  the  snm  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  tho 
privileges  of  a  member  and  to  all  Its  publications. 

Art.  6.  Honorary  Fellows  of  the  Association,  not  exceeding  three  for 
each  section,  may  be  elected ;  the  nominations  to  be  made  by  the  Stand- 

*\M  aiBended  at  the  Cincinnati  Meeting*  Angnat,  1881,  and  to  take  effect  at  the  Hon* 
trcal  Meeting,  i.ngu6t,  1883. 

tWhen  Uiifl  article  was  adopted  in  1874  the  following  claaae  was  added,  but  waa 
•tricken  oat  as  inoperative  when  ttie  constitution  was  amended  in  1881  :— 

''Boi  all  persons  who  may  be  members  at  the  time  of  the  adoption  of  this  constitu 
tioQ  maj  become  Asllowa  by  aignliying  their  desire  to  this  effect  before  the  first  day  of 
AogQsLlSiA^ 

(xxlii) 
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ing  Committee  and  approved  by  ballot  In  the  respective  aectlona  before 
election  by  ballot  In  General  Session.  Honorary  Fellows  shall  be  entitled 
to  all  the  privileges  of  fellows  and  shall  be  exempt  from  all  fees  and  as- 
sessments, and  entitled  to  all  pablications  of  the  Association  issued  after 
the  date  of  their  election. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annaal  dnes  shall  be  erased  f^om  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  Interval  of  at  least  three  months,  shall 
have  been  given ;  and  no  snch  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reSleoted. 

Abt.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of,  or 
bold  office  in,  more  than  one  section  at  any  one  meeting. 

Officers. 

Abt.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  in 
General  Session  from  the  fellows,  and  shall  consist  of  a  President,  a 
Vice  President  from  each  section,  a  Permanent  Secretary,  a  General  Sec- 
retary, an  Assistant  General  Secretary,  a  Treasurer,  and  a  Secretary  of 
each  Section ;  these,  with  the  exception  of  the  Permanent  Secretary,  shall 
be  elected  at  each  meeting  for  the  following  one,  and,  with  the  exception 
of  the  Treasurer  and  the  Permanent  Secretary,  shall  not  be  re61iglble  for 
the  next  two  meetings.  The  term  of  office  of  Permanent  Secretary  shall 
be  five  years. 

Abt.  10.  The  President,  or,  in  his  absence,  the  senior  Vice  President 
present,  shall  preside  at  all  General  Sessions  of  the  Association  and  at  all 
meetings  of  the  Standing  Committee.  It  shall  also  be  the  duty  of  the 
President  to  give  an  address  at  a  General  Session  of  the  Association  at  the 
meeting  following  that  over  which  he  presided. 

Art.  11.  The  Vice  Presidents  shall  be  the  chairmen  of  their  respective 
Sections,  and  of  their  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  own  section,  at  such  time  as  the 
Standing  Committee  shall  determine.  The  Vice  Presidents  may  appoint 
temporary  chairmen  to  preside  over  the  sessions  of  their  sections,  but 
shall  not  delegate  their  other  duties.  The  Vice  Presidents  shall  have 
seniority  in  order  of  their  continuous  membership  in  the  Association. 

Abt.  13.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
these  sessions.    He  shall  receive  the  records  flrom  the  Secretaries  of  tho 
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8eeiioD8t  which,  after  examination,  he  shall  transmit  with  his  own  records 
to  the  Permanent  Secretary  within  two  weeks  after  the  adjournment  of 
the  meeting^.  He  shall  receive  proposals  for  membership  and  bring  them 
before  the  Standing  Committee. 

Akt.  13.  The  Assistant  General  Secretary  shall  be  the  Secretary  of 
the  Standing  Committee.  He  shall  give  to  the  Secretary  of  each  Section 
the  titles  of  papers  assigned  to  it  by  the  Standing  Committee. 

Abt.  14.   The  Permanent  Secretary  shall  be  the  executive  officer  of  the 
Association  under  the  direction  of  the  Standing  Committee.    He  shall 
attend  to  all  business  not  specially  refeiTed  to  committees  nor  otherwise 
GODStltatlonally  provided  for.    He  shall  keep  an  account  of  all  business 
that  he  has  transacted  for  the  Association,  and  make  annually  a  general 
report  for  publication  in  the  annual  volume  of  Proceedings.    He  shall 
attend  to  the  printing  and  distribution  of  the  annual  volume  of  Pro- 
ceedings, and  all  other  printing  ordered  by  the  Association.    He  shall 
Issue  a  circular  of  Informatlou  to  members  and  fellows  at  least  three 
months  before  each  meeting,  and  shall,  in  connection  with  the  Local 
Committee,  make  all  necessary  arrangements  for  the  meetings  of  the 
Association.    He  shall  provide  the  Secretaries  of  the  Association  with 
such  books  and  stationery  as  may  be  required  for  their  records  and  busi- 
ness, and  shall  provide  members  and  fellows  with  such  blank  forms  as 
may  be  required  for  facilitating  the  business  of  the  Association.    He  shall 
collect  all  assessments  and  admission  fees,  and  notify  members  and  fellows 
of  their  election,  and  of  any  arrearages.    He  shall  receive,  and  bring 
before  the  Standing  Committee,  the  titles  and  abstracts  of  papers  pro- 
posed to  be  read  before  the  Association.    He  shall  keep  an  account  of  all 
receipts  and  expenditures  of  the  Association,  and  report  the  same  annually 
at  the  first  meeting  of  the  Standing  Committee,  and  shall  pay  over  to  the 
Treasurer  such  unexpended  fUnds  as  the  Standing  Committee  may  direct. 
He  shall  receive  and  hold  in  trust  for  the  Association  all  books,  pamphlets 
and  manuscripts  belonging  to  the  Association,  and  allow  the  use  of  the 
same  under  the  provisions  of  the  Constitution  and  the  orders  of,  the 
Standing  Committee.    He  shall  receive  all  communications  addressed  to 
the  Association  during  the  interval  between  meetings,  and  properly  attend 
to  the  same,    lie  shall  at  each  meeting  report  the  names  of  fellows  and 
members  who  have  died  since  the  preceding  meeting.   He  sliall  be  allowed 
a  salary  which  shall  be  determined  by  the  Standing  Committee,  and  may 
•mplqy  one  or  more  clerks  at  such  compensation  as  may  be  agreed  npon 
Iff  the  SUmdlng  Committee. 
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Abt.  15.  The  Treasarer  shall  invest  the  Ainds  received  by  him  In  such 
secaritles  as  may  be  directed  by  the  Standing:  Committee.  He  shall 
annually  present  to  the. Standing  Committee  an  account  of  the  funds  in 
his  charge.  No  expenditure  of  the  principal  in  the  hands  of  the  Treas* 
nrer  shall  be  made  without  a  unanimous  vote  of  the  Standing  Committee, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall  be 
made  without  a  two-thirds  vote  of  the  Standing  Committee. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records  of  their 
respective  sections,  and,  at  the  close  of  the  meeting,  give  the  same, 
including  the  records  of  subsections,  to  the  Qeneral  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  iu  order  of  their  continuous  membership  in  the 
Association. 

Art.  17.  In  case  of  a  vacancy  In  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  in  the  offices  of  Vice  President,  Perma- 
nent Secretary,  General  Secretary,  Assistant  General  Secretary,  and  Treas- 
urer, shall  be  filled  by  nomination  of  the  Standing  Committee  and  election 
by  ballot  in  General  Session.  A  vacancy  in  the  office  of  Secretary  of  a 
Section  shall  be  filled  by  nomination  and  election  by  ballot  in  the  Section. 

Art.  18.  The  Standing  Committee  shall  consist  of  the  past  Presidents, 
and  the  Vice  Presidents  of  the  last  meeting,  together  with  the  President, 
the  Vice  Presidents,  the  Permanent  Secretary,  the  General  Secretary,  the 
Assistant  General  Secretary,  the  Secretaries  of  the  Sections,  and  the 
Treasurer  of  the  current  meeting,  with  the  addition  of  one  fellow  elected 
firom  each  Section  by  ballot  on  the  first  day  of  its  meeting.  The  members 
present  at  any  regularly  called  meeting  of  the  Committee,  provided  there 
are  at  least  five,  shall  form  a  quorum  for  the  transaction  of  business.  The 
Standing  Committee  shall  meet  on  the  day  preceding  each  annual  meeting 
of  the  Association,  and  arrange  the  programme  for  the  first  day  of  the 
sessions.  The  time  and  place  of  this  first  meeting  shall  be  designated  by 
the  Permanent  Secretary.  Unless  otherwise  agreed  upon,  regular  meet- 
ings  of  the  Committee  shall  be  held  in  the  committee  room  at  9  o*clock, 
A.  M.,  on  each  day  of  the  meeting  of  the  Association.  Special  meetings 
of  the  Committee  may  be  called  at  any  time  by  the  President.  The 
Standing  Committee  shall  be  the  board  of  supervision  of  the  Association, 
and  no  business  shall  be  transacted  by  the  Association  that  has  not  first 
been  referred  to,  or  originated  with,  the  Committee.  The  Committee 
shall  receive  and  assign  papers  to  the  respective  sections ;  examine  andt 
if  necessary,  exclude  papers ;  decide  whicli  papers,  discussions  and  other 


CONSTITUTION.  XXVil 

psooeedingfl  shall  be  published,  and  bare  the  general  direction  of  the 
pabUcatlons  of  the  Association ;  manage  the  financial  affairs  of  the  Asso* 
elation;  arrange  the  business  and  programmes  for  General  Sessions; 
suggest  subjects  for  discussion,  investigation  or  reports ;  nominate  mem- 
bers and  fellows ;  and  receive  and  act  upon  all  invitations  extended  to  the 
Association  and  report  the  sam^  at  a  General  Session  of  the  Association. 

Art.  19.  The  Nominating  Committee  shall  consist  of  the  Standing 
Committee,  and  one  member  or  fellow  elected  by  each  of  the  Sec- 
tions. It  shall  be  the  duty  of  this  Committee  to  meet  at  the  call  of 
the  President  and  nominate  the  general  officers  for  the  following  meeting 
of  the  Association.  It  shall  also  be  the  duty  of  this  Committee  to  rec« 
ommend  the  time  and  place  for  the  next  meeting.  The  Vice  President 
and  Secretary  of  each  Section  shall  be  recommended  to  the  Nominating 
Committee  by  a  sub-committee  consisting  of  the  Vice  President,  Sec* 
xetary,  and  three  members  or  fellows  elected  by  the  Section. 

Mektings. 

Art.  20.  The  Association  shall  hold  a  public  meeting  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of  the 
Association,  and  the  preliminary  arrangements  for  each  meeting  hhall  be 
made  by  the  Local  Committee,. in  conjunction  with  the  Permanent  Secre- 
tary and  such  other  persons  as  the  Standing  Commitiee  may  designate. 

Art.  21.  General  Sessions  shall  be  held  at  10  o'clock,  a.  m.,  unless 
otherwise  ordered,  on  every  day  of  the  meeting,  Sunday  excepted,  and 
at  such  other  times  as  may  be  appointed  by  the  Standing  Committee. 

Sections  and  Subsections. 

A«T.  22.  The  Association  shall  be  divided  Into  nine  Sections,  namely  :— 
A,  MfUf^ematics  and  Astronomy;  B,  Physics;  C,  CJiemistry,  including  Us 
application  to  agriculture  and  the  arts;  D,  Mechanical  Science;  E,  Geology 
ami  Orography;  P,  Biology;  G,  Histology  and  Microscopy;  H,  AtUhro- 
pology;  I,  Economic  Science  and  Statistics.  The  Standing  Committee 
shall  have  power  to  consolidate  any  two  or  more  Sections  temporarily,  and 
such  consolidated  Sections  shall  be  presided  over  by  the  senior  Vice 
President  and  Secretary  of  the  Sections  comprising  it. 

Art.  23.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the  Vice 
President  and  Secretary,  shall  form  its  Sectional  Committee.  The  Sec- 
tional Committees  shall  have  power  to  fill  vacancies  In  their  own  numbers. 
Meetings  of  the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session. 


xzviu  OONsnTunoN. 

Abt.  24.  The  Sectional  Committee  of  any  Section  may  at  Its  p1ea«are 
form  one  or  more  temporary  Subsections,  and  may  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  sliall,  at  the  close  of  the  meeting, 
transmit  his  records  to  tlic  Secretary  of  the  Section. 

Art.  25.    A  paper  shall  not  be  read  In  any  Section  nor  Subsection  until 

r 

it  has  been  received  from  the  Standing  Committee  and  placed  on  the 
programme  of  the  day  by  the  Sectional  Committee. 

Sectional  Committers. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  bnsi- 
Dess  of  their  respective  Sections.  They  shall  prepare  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  sliall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
Ko  change  shall  be  mode  in  the  programme  for  the  day  in  a  Section  with- 
out the  consent  of  the  Sectional  Committee.  The  Sectional  Committees 
may  refuse  to  place  the  title  of  any  paper  on  the  programme ;  but  every 
such  title,  with  the  abstract  of  the  paper  or  the  paper  Itself,  must  be  re- 
turned to  the  Standing  Committee  with  the  reasons  why  it  was  refused. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme any  paper  inconsistent  with  the  character  of  the  Association ; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficiently  understood  from  the  abstract  submitted. 

Papers  and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature ;  and  no  title  shall  be  referred  by  the 
Standing  Committee  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  the  paper  itself  has  been  received. 

Art.  20.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  botton:  of  the  list. 

Art.  80.  Whenever  practicable,  the  proceedings  and  discussions  at 
Oeneral  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  Secretaries. 
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PJONIICD  PbOCEEDIKOS. 

▲bt.  81.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  ac^ournment.  Authors  must  prepare  their 
papers  or  abstracts  ready  for  the  press  and  forward  them  to  the  Perma« 
nent  Secretary  within  this  Interval,  otherwise  only  the  abstracts  or  titles 
taken  from  the  ** title  blanks"  will  appear  in  the  printed  volume.  The 
Standing  Committee  shall  have  power  to  order  the  printing  of  any  paper 
by  abstract  or  title  only.  Whenever  practicable,  proofs  shall  be  for- 
warded to  authors  for  revision.  If  any  additions  or  substantial  altera- 
tions are  made  by  the  author  of  a  paper  after  its  submission  to  the  Secre- 
tary, the  same  shall  be  distinctly  indicated.  Illustrations  must  be  pro- 
vided for  by  the  authors  of  the  papers,  or  by  a  special  appropriation  fh>m  the 
Standing  Committee.  Immediately  on  publication  of  the  volume,  a  copy 
shall  be  forwarded  to  every  member  and  fellow  of  the  Association  who  shall 
have  paid  the  assessment  for  the  meeting  to  which  it  relates,  and  it  shall 
also  be  offered  for  sale  by  the  Permanent  Secretary  at  sach  price  as  may 
be  determined  by  the  Standing  Committee.  The  Standing  Committee  shall 
also  designate  the  institutions  to  which  copies  shall  be  distributed. 

Local  Committer. 

Art.  82.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  .by 
the  officers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least 
one  month  before  the  meeting. 

Library  of  thk  Association. 

Art.  88.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  fhrnlsh  a  copy  to  any  member  or  fellow  on  applI-1 
cation.  Members  and  fellows  who  have  paid  their  assessments  in  ftiU 
shall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make 
good  any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the 
Secretary  at  the  time  specified  in  the  receipt  given.  All  books  and  pam- 
phlets in  circnlation  must  be  returned  at  each  meeting.  Not  more  than 
Are  books,  indading  volumes,  parts  of  volumes,  and  pamphlets,  shall  be 
held  at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld 
from  clrcalatlon  by  order  of  the  Standing  Committee. 


CONSTITUTION. 


Admission  Feb  and  Assessmsnts. 

Abt.  84.  The  admission  fee  for  members  shall  be  ftve  dollars  in  addt- 
tlon  to  the  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  35.  The  anunal  assessment  for  members  and  fellows  shall  be 
three  dollars. 

Art.  86.  Any  member  or  fellow  who  shall  pay  the  sam  of  fifty  dollars 
to  the  Association',  at  any  one  time,  shall  become  a  Life  Member  and 
as  such  shall  be  exempt  ft'om  all  further  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall 
be  invested  as  a  permanent  i^ind,  the  income  of  which  shall  be  used 
only  to  assist  in  original  research,  unless  otherwise  directed  by  unani- 
mous vote  of  the  Standing  Committee. 

Art.  87.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
ananent  Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 

Art.  88.  The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  Auditors  appointed  by  the  Standing 
Committee. 

Altrrations  of  the  Constitution. 

Art.  89.  No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three -fourths  of  the  members  and  fellows 
present  In  General  Session,  after  notice  given  at  a  Qeneral  Session  of  a 
preceding  meeting  of  the  Association. 


ORDER  OP  PROCEEDINGS  IN  ORGANIZING  A  MEETING. 

1.    The  retiring  President  fntrodnces  the  President  elect,  who  takes  the  chair. 

8.  Formalities  of  welcome  of  the  Association  as  may  be  arranged  by  the  Loeal 
Committee. 

5.  Report  of  tlio  list  of  papers  entered  and  their  reference  to  the  Sections. 

4.  Other  reports. 

6.  Announcements  of  arrangements  by  the  Local  Committee. 

6.  Election  of  members. 

7.  Election  of  fellows. 

5.  Unenumerated  business. 

9.  Adjournment  to  meet  in  Sections. 

Shis  order«  so  far  as  applicable,  to  be  followed  in  subsequent  Qeneral ; 


MEMBERS 


OF  THB 


AMERICAN  ASSOCIATION 

rOR  THB 

ADVANCEMENT  OF  SCIENCE.^ 


PATBONS.' 


Thompson,  Mrs.  Euzabbth,  Stamford,  Conn.  (22). 
LiLLT,  Gen.  Wiluam,  Mauch  Chunk,  Carbon  Co.,  Pa.  (28). 

UEMBEBS.' 

Abbot,  S.  L.,  M.  D.,  90  Mt.  Vernon  St.,  Boston,  Mass.  (29). 

Abbott,  Dr.  Chas.  C,  Trenton,  N.  J.  (29). 

Abbott,  E.  K.,  M.  D.,  Salinas,  Monterey  Co.,  Cal.  (29). 

Abert,  Col.  James  W.,  Newport,  Ky.  (81). 

Abert,  S.  Thayer,  1907  Pennsylvania  Avenue,  Washington,  D.  C.  (80). 

Acker,  E.  O'C,  Ass't  Eng'r,  U.  S.  N.,  Norrlstown,  Pa.     (28). 

Adams,  Frank,  41  McGUl  College  Avenue,  Montreal,  Can.  (29). 

Adams,  John  S.,  M.  D.,  Oakland,  Cal.  (29). 

Adams,  Julias  W.,  155  Congress  St.,  Brooklyn,  N.  Y.  (29). 

Adams,  Capt.  Robert  C,  Montreal,  Can.  (81). 

Agard,  Dr.  A.  H.,  1259  Alice  St.,  Oakland,  Alameda  Co.,  Cal.  (28). 

Aikin,  Prof.  W.  E.  A.,  Baltimore,  Md.  (12). 

Alleo,  Edmond  T.,  404  Market  St.,  St.  Ix)Uls,  Mo.  (27). 

Allen,  Dr.  G.  M.,  102  Clark  St.,  Cincinnati,  Ohio   (80). 

>Tbe  nnmberfl  In  parentheses  indicate  ttie  meeting  at  which  the  member  was  elected. 
The  CoDstitntion  requii-es  that  the  names  of  all  members  two  or  more  years  in  arrears 
•hall  be  omitted  trom  the  list,  but  their  names  will  be  restored  on  payment  of  ar- 
rearafea.  Members  not  in  arrears  are  entitled  to  the  annua)  volume  of  Proceedings 
bound  in  paper.  The  payment  of  ten  dollars  at  one  time  entitles  a  member  to  the 
B«bfl€queni  volumes  bound  in  cloth,  or  by  the  payment  of  twenty  dollars,  to  the 
Tolnmes  bound  in  half  morocco. 

*  Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed 
u  Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publications. 

The  names  of  Patrons  are  to  remain  permanently  on  the  list. 

*Any  Member  or  Fellow  may  become  a  Life  Member  by  the  payment  of  fifty  dollars. 
Tbe  money  derived  ITom  Life  Memberships  is  invented  as  a  fund,  the  income  of  which 
ii  to  be  used  only  to  aid  in  original  research.  Lilb  Members  are  exempt  IVom  the 
uranal  assessment,  and  are  entitled  to  the  annual  volume.  The  names  of  J^ife  Mem- 
bers are  printed  in  small  capitals  in  the  regular  list  of  Members  and  Fellows. 
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Allen,  J.  M.,  Hartford,  Conn.  (22). 

Ailing,  J.  C,  Sapt.  City  Schools,  Albert  Lea,  Minn.  (31). 

Ailing,  Miss  Mary  R.,  Acra,  Greene  Co.  N.  Y.  (29). 

Allis,  Solon  M.,  Tacson,  Arizona  (29). 

Ammen,  Duniel,  Rear  Admiral  U.  S.  Navy,  Washington,  D.  C.  (26). 

Anderson,  Rev.  Joseph,  Waterbury,  Conn.  (29). 

Anderson,  Newton  M.,  Colambus,  Ohio  (30). 

Andrews,  L.  W.,  Ph.  D.,  Springfield,  Mass.  (31). 

Angus,  William,  214  St.  James  St.,  Montreal,  Can.  (31). 

Appleton,   Rev.   Edw.  W.,  D.D.,  Ashbourne  P.  O.,   Montgomery  Co., 

Pa.  (28). 
Archambault,  U.  E.,  Montreal,  Can.  (31). 
Armstrong,  Lucius  H.,  St.  Nicholas,  Duval  Co.,  Fla.  (30). 
Armstrong,  Mrs.  Lucius  H.,  St.  Nicholas,  Daval  Co.,  Fla.  (30). 
Arnold,  Lauren  B.,  Rochester,  N.  Y.  (30). 
Arthur,  J.  C,  Charles  City,  Iowa  (21). 

Ashburner,  Ciiarles  A.,  907  Walnut  St.,  Philadelphia,  Pa.  (31). 
Ashmead,  Wm.  H.,  Jacl^sonville,  Fla.  (29). 
Atkinson,  Jno.  B.,  Earlington,  Hopkins  Co.,  Ky.  (26). 
Atwater,  Richard  M.,  Millville,  N.  J.  (29). 
Atwood,  E.  S.,  East  Orange,  N.  J.  (29). 
Atwood,  Oscar,  Rutland,  Vt.  (31). 

Auchincloss,  Wm.  S.,  209  Church  St.,  Philadelphia,  Pa.  (29). 
Aughcy,  Prof.  Samuel,  Univ.  of  Nebraska,  Lincoln,  Neb.  (29), 
Austin,  Miss  Mary,  Muttapan  Station,  Milton,  Mass.  (31). 
Ayres,  Prof.  Brown,  Univ.  of  Louisiana,  New  Orleans,  La.  (31). 
Ayres,  Dr.  S.  C,  04  W.  7th  St.,  Cincinnati,  Ohio  (30). 

Babbit,  John,  Fredericton,  N.  B.  (29). 
Bailey,  E.  H.  S.,  Bethlehem,  Pa.  (25). 
Baker,  A.  L.,  32  So.  Charles  St.,  Baltimore,  Md.  (30). 
Baker,  B.  N.,  32  So.  Charles  St.,  Baltimore,  Md.  (30). 
Baker,  Frank,  M.  D.,  3G6  C  St.,  Washington,  D.  C.  (31). 
Baker,  Prof.  I.  O.,  Illinois  Industrial  Univ.,  Champaign,  111.  (30). 
Baker,  Prof.  T.  R.,  Millersvllle,  Lancaster  Co.,  Pa.  (22). 
Baker,  Wm.  E.,  158  Tremont  St.,  Boston,  Mass.  (29).  [(81). 

Baldwin,  Miss  Mary  A.,  Summer  Ave.,  Cor.  Kearney  St.,  Newark,  N.  J. 
Baldwin,  Very  Rev.  Dean  Maurice  S.,  Montreal,  Can.  (31). 
Baleu,  Abraham  D.,  Plainfleld,  N.  J.  (31). 
Ballard,  II.  H.,  Lenox,  Mass.  (31). 
Ballon,  Nahum  E.,  M.  D.,  Sandwich,  111.  (29). 
Balloa,  Wm.  H.,  105  Dearborn  Avenue,  Chicago,  111.  (29). 
Banes,  Charles  H.,  2416  Spring  Garden  St.,  Philadelphia,  Pa.  (81). 
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Barker,  Martha  M.,  care  of  H.  R.   Barker,   Steam  and  Gas  Fixtures 
Lowell,  Mass.  (31). 
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Barnes,  Charles  J.,  Chicago,  III.  (27). 
Barrows,  Nathan,  M.  D.,  Hartford,  Conn.  (29). 
Bartleti,  Arthur  K.,  Battle  Creek,  Mich.  (29). 
Bartlett,  Prof.  Edwin  J.,  Dartmouth  Coll.,  Hanover,  N.  H.  (28). 
Bartlett,  Dr.  Homer  L.,  Flatbosh,  L.  I.  (28). 
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Bassett,  George  W.,  M.D.,  Vandalia,  111.  (20). 
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Fox,  Charles,  Crosse  He,  Mich.  (7).  [1865. 

Frazer,  John  F.,  Philadelphia,  Pa.  (1).    Bom  July  8,  1812.    Died  Oct.  14, 
French,  J.  W.,  West  Point,  N.  Y.  (11).  [1872. 

Garber,  A.  P.,  Colombia,  Pa.  (29).    Died  Ang.  26,  1881. 

Gavit,  John  E.,  New  York,  N.  Y.  (1). 

Gay,  Martin,  Boston,  Maiss.  (1).    Died  Jan.  12,  1850,  aged  46. 

Gibbon,  J.  H.,  Charlotte,  N.  C.  (3). 

Gillespie,  W.  M.,  Schenectady,  N.  Y.  (10).   Born  in  1816.     Died  Jan'y  1, 

loOo- 

Gihnor,  Robert,  Baltimore,  Md.  (1). 

GUttier,  W.  W.,  Key  West,  Fla.  (29).    Died  Dec.  11,  1880. 

GoWmark,  J.,  New  York,  N.  Y.  (29).    Died  in  April,  1882. 

OoQid,  AogQStus  A.,  Boston,  Mass.  (11).    Born  April  28,  1805.     Died 

Sept.  15,  1866. 
Goold,  B.  A.,  Boston,  Mass.  (2).  Born  June  15,  1787,   Died  Oct.  24, 1859. 
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Graham,  James  D.,  Washlngtoo,  D.  C.  (1).    Born  in  1799.   Died  Dec.  28, 

1865. 
Gray,  Alonzo,  Brooklyn,  N.  Y.  (18).    Born  in  1808.  Died  March  10,  1860. 
Gray,  James  H.,  Springfield,  Mass.  (6). 

Greene,  Benjamin  D.,  Boston,  Mass.  (1).    Died  Oct.  14,  1862,  aged  68. 
Greene,  Everett  W.,  Madison,  N.  J.  (10).    Died  in  1864. 
Gi*eene,  Samuel,  Woonsocket,  R.  I.  (9).    Died  in  1868. 
Greer,  James,  Dayton,  Ohio  (20). 
Griffith,  Robert  £.,  Philadelphia,  Pa.  (1). 

Griswold,  John  A.,  Troy,  N.  Y.  (19).    Born  in  1822.    Died  Oct.  31,  1872. 
Guest,  William  £.,  Ogdensburg,  K.  Y.  (6). 

Hackley,  Charles  W.,  New  York,  N.  Y.  (4).    Born  March  9,  1809.    Died 

January  10,  1861. 
Hadley,  George,  Buffalo,  K.  Y.  (6).    Born  June,  1818.   Died  Oct.  16,  1877. 
Haldeman,  S.  S.,  Chlckies,  Pa.  (1).     Died  Sept.  10,   1880,  aged  68. 
Hale,  Enoch,  Boston,  Mass.  (1).    Born  Jan.  29,  1790.  Died  Nov.  12, 1848. 
Hance,  Ebenezer,  Fallsington  P.  O.,  Pa.  (7).    Died  in  1876. 
Hare,  Robert,  Philadelphia,  Pa.  (1).     Born  Jan.  17,  1781.     Died  May  16, 

1858. 
Harlan,  Joseph  G.,  Haverford,  Pa.  (8). 
Harlan,  Richard,  Philadelphia,  Pa.  (1). 
Harris,  Thaddeus  W.,  Cambridge,  Mass.  (1).    Born  Nov.  12,  1795.    Died 

Jan.  16,  1866. 
Harrison,  A.  M.,  Plymouth,  Mass.  (29). 
Harrison,  Jos.,  jr.,  Philadelphia,  Pa.  (12). 

Hart,  Simeon,  Farmlngton,  Conn.  (1).    Died  April  20,  1863,  aged  67. 
Hartt,  Charles  P.,  Ithaca,  N.  Y.  (18).    Born  In  1840.  Died  March  18,  1878. 
Haven,  Joseph,  Chicago,  III.  (17).   Born  Jan.  4,  1816.   Died  May  28,  1874. 
Hawes,  George  W.,  Washington,  D.  C.  (23).     Born  Dec.  81,  1848.     Died 

June  22,  1882. 
Hay  den,  H.  H.,  Baltimore,  Md.  (1). 

Hay  ward,  James,  Boston,  Mass.  (1).    Died  July  27,  1866,  aged  80. 
Henry,  Jos.,  Washington,  D.  C.  (1).  Born  Dec.  17, 1797.  Died  May  18, 1878. 
Hickox,  S.  V.  R.,  Chicago,  III.  (17).    Died  in  1872. 
Hllgard,  Theo.  C,  St.  Louis,  Mo.  (17).    Born  Feb.  28, 1828.   Died  Mch.  5, 

1876. 
Hlncks,  William,  Toronto,  C.  W.  (11). 
Hitchcock,  Edward,  Amherst,  Mass.  (1).    Born  May  24, 1798.    Died  Feb. 

27,  1864. 
Hodgson,  W.  B.,  Savannah,  Ga.  (10).     Born  1815. 
Holbrook,  John  E.,  Charleston,  S.  C.  (1).     Born  Dec.  81,  1796.    Died 

Sept.  8,  1871. 
Hopkins,  Albert,  Wllllamstown,  Mass.  (19).     Born  July  14,  1807.    Died 

May  25, 1872. 
Hopkins,  James  G.,  Ogdensburg,  N.  Y.  (10).    Died  In  1860. 
Hopkins,  T.  O.,  WlUiamsvllle,  N.  Y.  (10).    Died  in  1866. 
Hopkins,  Wm.,  Lima,  N.  Y.  (5.)     Died  In  March,  1867. 
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Hortoo.  C.  V.  R.,  Chanmont,  N.  T.  (10).    Died  in  1862. 

Horton,  WUllam,  Cralgvllle,  N.  Y.  (1). 

Hosford,  Benj.  F.»  Haverhill,  Mass.  (13).    Died  in  1864. 

HoQghtoD,  Douglas,  Detroit,  Mich.    (1).    Bom  Sept.  21,   1809.    Died 

Oct.  18, 1845. 
Horej,  EdmuDd  O.,  CrawfordsvIIle,  Ind.  (20).    Bom  July  15, 1801.    Died 
March  10,  1877. 
Ho wland,  Theodore,  Baflfklo,  N.  T.  (15). 

Habbert,  James,  Richmond,  Province  of  Quebec  (16).    Died  in  1868. 
Hunt,  Edward  B.,  Washington,  D.  C.  (2).     Born  Jane  15,  1822.    Died 

Oct.  2,  1868. 
HoDt,  Freeman,  New  Yorlc,  N.  Y.  (11).    Bom  March  21,   1804.    Died 
March  2,  1858. 

Ives,  Moses  B.,  Providence,  R.  I.  (9).    Died  in  1857. 
Ives,  Thomas  P.,  Providence,  R.  I.  (10). 

Jackson,   Charles  T.,  Boston,  Mass.   (1).    Bom  Jane  21,  1805.    Died 

Aug.  29,  1880. 
James,  Thomas  Potts,  Cambridge,  Mass.  (22).    Bom  Sept.  1, 1803.    Died 

Feb.  22,  1882. 
Johnson,  Walter  R.,  Washington,  D.  C.  (1).     Bom  June  21,  1794.     Died 

AprU  26,  1852. 
Jones,  Catesby  A.  R.,  Washington,  D.  C.  (8). 
Jones,  James  H.,  Boston,  Mass.  (28). 

Kedzie,  W.  K.,  Oberlin,  Ohio  (25). 

Keely,  Greorge  W.,  Waterville,  Me.  (1).    Died  In  1878. 

Keep,  N.  C,  Boston,  Mass.  (18).    Died  in  1875. 

Kennicott,  Robert,  West  Northfleld,  111.  (12).    Born  Nov.  18,  1835.    Died 

in  1866. 
King,  Mitchell,  Charleston,  S.  G.  (8).    Born  Jane  8,  1788.    Died  in  1862. 
Klippart,  John  H.,  Coiambus,  Ohio  (17).    Died  October,  1878. 
Koickerbocker,  Charles,  Chicag6,  III.  (17).    Died  in  1878. 
Knight,  J.  B.,  Philadelphia,  Pa.  (21).    Died  March  10,  1879. 

Lacklan,  R.,  Cincinnati,  Ohio  (11). 

Lapham,  Increase  A.,  Miiwaakee,  Wis.  (8).    Born  Mch.  7,  1811.    Died 
LaRoche,  R.,  Philadelphia,  Pa.  (12).  [Sept.  14,  1875. 

Lasel,  Edward,  Wllliamstown,  Mass.  (1).    Bom  Jan.  31,  1809.    Died  in 

1852. 
Lawford,  Frederick,  Montreal,  Canada  (11).    Died  in  1866. 
Lederer,  Baron  von,  Washington,  D.  C.  (1). 

Lieber,  Oscar  M.,  Colombia,  S.  C.  (8).     Bom  Sept.  8,  1880.    Died  Jone 
LiDcklaen,  Ledyard,  Cazenovia,  N.  Y.  (1).  [27,  1862. 

LiBsley,  James  H.,  Stafford,  Conn.  (1).    Born  May  5, 1787.   Died  Dec.  26, 

1843. 
Lockwood,  Moses  B.,  Providence,  R.  I.  (9).    Died  In  1872. 
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Logan,  William  E.,  Montreal,  Canada  (1).     Born  April  2d,  1798.    Died 

Jane  22,  1875. 
Loosey,  Charles  F.,  New  York,  N.  T.  (12). 
Lothrop,  Joshua  R.,  Buffalo,  N.  T.  (16). 
Lyon,  Sidney  S.,  Jefferson ville,  Ind.  (20).    Born  Aag.  4,  1808.   Died  Jane 

24,  1872. 

Maack,  G.  A.,  Cambridge,  Mass.  (18). 

Mahan,  Dennis  H.,  West  Point,  N.  Y.  (9).    Born  April  2,  1802.    Died 

Sept.  16,  1871. 
Marsh,  Dexter,  Greenfield,  Mass.  (1). 
Marsh,  James  E.,  Roxbary,  Mass.  (10). 
Mather,  William  W.,  Colambas,  Ohio  (1).    Born  May  24,  1804.    Died 

Feb.  27,  1869. 
Maade,  John  B.,  St.  Louis,  Mo.  (27).    Died  in  April,  1879. 
Maupln,  S.,  Charlottesville,  Va.  (10). 
McMahon,  Mathew,  Albany,  N.  Y.  (11). 
M'Conlhe,  Isaac,  Troy,  N.  Y.  (5). 
Meade,  George  G.,  Philadelphia,  Pa.  (16).     Born  Dec.  SO,  1816.    Died 

Nov.  6, 1872. 
Meek,  F.  B.,  Washington,  D.  C.  (6).    Born  December  10,  1817.    Died 

December  21,  1876. 
Meigs,  James  Aitken,  Philadelphia,  Pa.  (12).    Born  July  30,  1829.    Died 

Nov.  9,  1879. 
Minifle,  William,  Baltimore,  Md.  (12).    Bom  in  1806.   Died  Oct.  24, 1880. 
Mitchel,  O.  M.,  Cincinnati,  Ohio  (8).    Born  Aug.  28,  1810.    Died  Oct.  80, 

1862. 
Mitchell,  William,  Poughkeepsie,  N.  Y.  (2).    Died  April  2,  1869,  aged  76. 
Mitchell,  Wm.  H.,  Florence,  Ala,  (17). 
Morgan,  Lewis  H.,  Rochester,  N.  Y.  (10).    Born  Nov.  21,  1818.     Died 

Dec.  17,  1881. 
Morris,  John  B.,  Nashville,  Tenn.  (26). 
Morton,  Samuel  G.,  Philadelphia,  Pa.  (1).     Born  Jan.  26,  1799.     Died 

May  16,  1861. 
Mudge,  Benjamin  F.,  Manhattan,  Kansas  (26).   Born  Aug.  11, 1817.    Died 

Nov.  21,  1879,  aged  62. 
Munroe,  Nathan,  Bradford,  Mass.  (6).    Born  May  16,  1804.     Died  July  8, 
Munroe,  William,  Concord,  Mass.  (18).    Died  April  27,  1877.  [1866. 

Mussey,  William  H.,  Cincinnati,  Ohio  (80).     Born  Sept.  18,  1818.     Died 

Aug.  1, 1882. 

Newland,  John,  Saratoga  Springs,  N.  Y.  (28).    Died  Jan.  18,  1880. 

Newton,  E.  H.,  Cambridge,  N.  Y.  (1). 

Nichols,  Charles  A.,  Providence,  R.  I.  (17).    Born  Jan.  4,  1826.    Died 

Oct.  20,  1877. 
Nicholson,  Thomas,  New  Orleans,  La.  (21). 
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NIcoIlett,  Jean  N.,  Washington,  D.  C.  (1).     Born  Jaly  24,  1786.    Died 

Sept.  11,  1848. 
Norton,  John  P.,  New  Hayeo,  Conn.  (1).  Born  in  July,  1822.   Died  Sept. 

5,  1852. 
Koyes,  J.  0.,  New  Orleans,  La.  (21). 
Katt,  Cyras,  Bloomington,  Ind.  (20).    Died  in  1875. 

Oakes,  Wm.,  Ipswich,  Mass.  (1).    Bom  July  1,  1799.    Died  July  SI,  1848. 
Ogden,  Robert  W.,  New  Orleans,  La.  (21).    Died  March  24,  1878. 
Ogden,  William  B.,  High  Bridge,  Westchester  Co.,  N.  Y.  (17).    Born  in 

1805.    Died  Aug.  8,  1877. 
Olmsted,  Alexander  F.,  New  Haven,  Conn.   (4).    Born  Dec.   20,  1822. 

Died  May  5,  1853. 
Olmsted,  Denison,  New  Haven,  Conn.  (1).     Born  June  18,  1791.    Died 

May  18,  1859. 
Olmsted,  Denison,  Jr.,  New  Haven,  Conn.  (1).  Born  Feb.  16,  1824.  Died 

Aug.  15,  1846. 
Otis,  George  Alexander,  Washington,  D.  C.  (10).    Born  Nov.  12,  1830. 

Died  Feb.  23,  1881. 

Fainter,  Jacob,  Lima,  Pa.  (28).    Died  in  1876. 

Fainter,  Minshall,  Lima,  Pa.  (7). 

Fa^er,  Wilbur  F.,  West  Meriden,  Conn.  (23).    Died  in  1876. 

Farkman,  Samuel,  Boston,  Mass.  (1).     Died  Dec.  15,  1854,  aged  38. 

Fsyn,  Charles  H.,  Saratoga  Springs,  N.  T.  (28).     Born  May  16,  1814. 

Died  Dec.  20,  1881. 
Feirce,   BeiO&nilnt   Cambridge,  Mass.    (1).    Bom  April  4,   1809.    Died 

Oct.  6,  1880. 
Perkins,  George  R.,  Utica,  N.  T.  (1).    Bom  May  3,  1812.    Died  Aug.  22, 

1876. 
Perkins,  Henry  C,  Newbury  port,  Mass.  (18).    Bom  Nov.  18, 1804.    Died 

Feb.  2,  1873. 
Perry,  John  B.,  Cambridge,  Mass.  (16).    Died  Oct.  3,  1872,  aged  52. 
Ferry,  M.  C,  New  York,  N.  Y.  (10). 
Figgot,  A.  Snowden,  Baltimore,  Md.  (10). 
Plumb,  Ovid,  Salisbury,  Conn.  (9). 
Pope,  Charles  A.,  St.  Louis,  Mo.  (12).    Bora  May  15,  1818.    Died  July  6, 

1870. 
Porter,  John  A.,  New  Haven,  Conn.  (14).     Born  March  15, 1822.    Died 

Aug.  25,  1866. 
Ponrtalds,  Louis  Frangois  de,  Cambridge,  Mass.  (1).    Born  in  1822.   Died 

July  18,  1880. 
Prayn,  John  Y.  L.,  Albany,  N.  Y.  (1).    Born  June  22, 1811.    Died  Nov.  21, 

1877. 
pQgh,  Evan,  Centre  Co.,  Pa.  (14). 
Futaam,  Mrs.  F.  W.,  Cambridge,  Mass.  (19).    Born  Dec.  29,  1838.    Died 

March  10,  1879. 
Patnam,  J.  Duncan,  Davenport,  Iowa.  (27).    Bora  Oct.  18,  1855.    Died 

Dec.  10,  1881. 
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Read,  Ezra,  Terre  Haute,  Ind.  (20).    Died  in  1877. 

Redfleld,  William  C,  New  York,  N.  T.  (1).    Born  March  26,  1789.     Died 

Feb.  12,  1857. 
Resor,  Jacob,  Cincinnati,  Ohio  (8).    Died  in  1871. 
Robb,  James,  Fredericton,  N.  B.  (4). 
Robinson,  Coleman  T.,  Buffalo,  N.  Y.  (15). 
Roclcwell,  John  A.,  Norwich,  Conn.  (10).    Bom  August  27,  1803.     Died 

February  10,  1861. 
Rogers,  Henry  D.,  Glasgow,  Scotland  (1).   Born  1809.    Died  May  29, 1866. 
Rogers,  James  B.,  Philadelphia,  Pa.  (1).    Bom  Febraary  22,  1808.    Died 

June  15,  1852. 
Rogers,  William  Barton,  Boston,  Mass.  (1).    Born  Dec.  7,  1804.     Died 

May  80,  1882. 
Root,  Elihu,  Amherst,  Mass.  (25).    Born  Sept.  14,  1845. 

Sager,  Abram,  Ann  Arbor,  Mich.  (6).    Born  December  22,  1810.     Died 

August  6,  1877. 
Schaeffcr,  Geo.  C,  Washington,  D.  C.  (1).    Died  In  1878. 
Schley,  William,  New  Yorl?,  N.  Y.  (28).     Died  in  1882. 
Scott,  Joseph,  Dunham,  C.  E.  (11).     Died  In  1865. 
Senter,  HaiTey  S.,  Aledo,  111.  (20).    Died  in  1875. 
Seward,  William  H.,  Auburn,  N.  Y.  (1).     Born  May  16,  1801.    Died  Oct. 

10,  1872. 
Sheppard,   William,    DrumraondvlUe,  Province  of  Quebec,  Can.   (11). 

Born  in  1788.     Died  in  1867. 
Sherwin,  Thomas,  Dedham,  Mass.   (11).    Born  March  26,  1799.    Died 

July  23,  1869. 
SUliman,  Benjamin,  New  Haven,  Conn.  (1).    Bom  August  8,  1779.    Died 

November  22,  1864. 
Skinner,  John  B.,  Buffalo,  N.  Y.  (15),     Died  in  1871. 
Slack,  J.  H.,  Philadelphia,  Pa.  (12). 

Smith,  David  P.,  Sprinijfleld,  Mass.  (29).     Born  Oct.  J,  1830.    Died  Dec. 
Smith,  J.  v.,  Cincinnati,  Ohio  (6).  [26,  1880. 

Smith,  James  Y.,  Providence,  R.  I.  (9).    Born  September  15,  1809.    Died 

in  1876. 
Smith,  Lyndon  A.,  Newark,  N.  J.  (9).     Born  November  11,  1795.    Died 

December  15,  1865. 
Snell,  Ebenezer  S.,  Amherst,  Mass.  (2).    Born  October  7,  1801.    Died  in 

September,  1877. 
Sparks,  Jared,  Cambridge,  Mass.  (2).    Born  May  10,  1789.    Died  March 

14,  1866. 
Spinzig,  Charles,  St.  Louis,  Mo.  (27).     Died  Jan.  22,  1882. 
Stimpson,  William,  Chicago,  111.  (12).    Died  May  26,  1872. 
Stone,  Samuel,  Chicago,  111.  (17).     Born  Dec.  6,  1798.    Died  May  4, 1876. 
St.  John,  Joseph  S.,  Albany,  N.  Y.  (28).     Died  Nov.  23,  1882. 
SuUlvant,  Wm.  S.,  Columbus,  Ohio  (7).    Born  Jan.  15,  1808.    Died  April 

30,  1873. 
Swain,  James,  Fort  Dodge,  Iowa  (21).     Born  in  1816.    Died  in  1877. 
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Tallmtdg«,  James,  Kew  York,  N.  Y.  (1).    Born  Jan.  20,  1778.   Died  Oct. 

5,  1853. 

Tajlor,  Btchard  C,  Philadelphia,  Pa.  (1).     Born  January  18,  1789.    Died 

NoTeniber  26,  1851. 
TcDoey,  Sanborn,  WiUiamstown,  Mass.  (17).  Born  in  January,  1827.  Died 

July  11,  1877. 
Teschemacher,  J.  £.,  Boston,  Mass.  (1).    Died  Nov.  9,  1853,  aged  68. 
Thompson,  A.  Bemsen,  New  York,  N.  Y.  (1).    Died  in  Oct.,  1879. 
Thompson,  Alexander,  Aurora,  N.  Y.  (1). 

Thompson,  Zadock,  Burlington,  Yt.  (1).    Born  May  23,  1796.    Died  Jan. 
Thurber,  Isaac,  Providence,  R.  I.  (9).  [19,  1856. 

Tillman,  Samuel  D.,  Jersey  City,  N.  J.  (15).    Died  in  1875. 
Tolderoy,  James  B.,  Fredericton,  N.  B.  (11). 
Torrey,  John,  New  York,  N.  Y.  (1).    Born  August  16,  1796.    Died  March 

10, 1878. 
Torrey,  Joseph,  Burlington,  Vt.  (2).    Born  Feb.  2,  1797.    Died  Nov.  26, 

1867. 
Totten,  Joseph  G.,  Washington,  D.  C.  (1).     Born  August  23,  1788.    Died 

April  22,  1864. 
Townsend,  Howard,  Albany,  N.  Y.  (10).    Died  in  1867. 
TowDsend,  John  K.,  Philadelphia,  Pa.  (1). 
Townsend,  Robert,  Albany,  N.  Y.  (9).    Died  in  1866. 
Troost,  Gerard,  Nashville,  Tenn.  (1).     Born  March  15,  1776.    Died  Aug. 

14,  1850. 

Tuomey,  Michael,  Tuscaloosa,  Ala.  (i).    Born  September  29,  1805.    Died 

March  20,  1857. 
Tyler,  iklward  R.,  New  Haven,  Conn.  (I).    Died  Sept.  28,  1848. 

Vancleve,  John  W.,  Dayton,  Ohio  (1). 

Tanuxem,  Lardner,  Bristol,  Pa.  (1). 

Vaux,  William  S.,  Philadelphia,  Pa.  (i).    Bom  May  19,  1811.    Died  May 

6,  1882. 

Wsdsworth,  James  S.,  Genesee,  N.  Y.  (2).  Born  October  80,  1807.    Died 

May  8,  1864. 
Wagner,  Tobias,  Philadelphia,  Pa.  (9). 
Walker,  Joseph,  Oxford,  N.  Y.  (10). 
Walker,  Sears  C,  Washington,  D.  C.  (O*    Born  March  28,  1805.    Died 

January  30,  1853. 
Walker,  Timothy,  Cincinnati,  Ohio  (4).    Born  Dec.  1,  1802.    Died  Jan. 

15,  1856. 

Wtlsb,  Benjamin  D.,  Rock  Island,  111.  (17). 
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5, 1879. 
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Whiting,  Lewis  £.,  Saratoga  Springs,  N.  Y.  (28).     Bom  March  7,  1815. 

Died  Aug.  2,  1882. 
Whitman,  Wm.  E.,  Philadelphia,  Pa.  (23).    Died  In  1875. 
Whitney,  Asa,  Philadelphia,  Pa.  (1).    Born  Dec.  1,  1791.    Died  June  4, 

1874. 
Whittlesey,  Charles  C,  St.  Louis,  Mo.  (11).    Died  in  1872. 
Willard,  Emma,  Troy,  N.  Y.  (15).     Born  Feb.  23,  1787.     Died  April  15, 

1870. 
Williamson,  R.  S.,  San  Francisco,  Cal.  (12). 
Wilson,  W.  C,  Carlisle,  Pa.  (12). 
Wlnlock,  Joseph,  Cambridge,  Mass.  (5).    Born  Feb.  6,  1826.    Died  June 

11,  1875. 
Woodbury,  Levi,  Portsmouth,  N.  H.  (1).    Bom  Dec.  22,  1789.     Died 

Sept.  4,  1851. 
Woodman,  John  S.,  Hanover,  N.  H.  (11).    Bom  In  1819.    Died  May  15, 

1871. 
Wright,  John,  Troy,  N.  Y.  (1). 
Wyman,  Jeffries,  Cambridge,  Mass.  (1).    Bom  Aug.  11,  1814.    Died  Sept. 

4,  1874. 

Yarnall,  M.,  Washington,  D.  C.  (26).    Born  In  1817.    Died  Jan.  27,  1879. 
Young,  Ira,  Hanover,  N.  H.  (1).    Died  Sept.  14,  1858,  aged  57. 
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Pbofkssob    GEORGE   J.    BRUSH, 

THE  KETIBIMQ  PBBSIDElfT  OF  THX  ASSOCIATION. 


A  SKETCH  OF  THB  PB0GBES8  OF  AMERICAN  MINEBALOGT. 


Mb.  Pbesidsnt,  and  Fellow  Members  of  the  Amebioan  Asso- 
ciation FOB  the  Adyangembnt  of  Science: — 

The  change  in  the  Constitution  effected  at  our  last  meeting,  ex- 
tending the  scope  of  the  Association  and  dividing  it  into  nine  sec- 
tions, each  with  a  Vice  President,  whose  daty  it  is  to  deliver  an 
address  to  the  section  over  which  he  presides,  has  relieved  the  re- 
tiring President  from  attempting  a  general  review  of  the  progress 
of  science  during  the  past  year. 

I  turn,  therefore,  to  a  more  special  subject,  and  invite  your  at- 
tention this  evening  to  a  sketch  of  the  progress  of  American  Min- 
eralogy, since  the  commencement  of  this  century,  with  particular 
reference  to  the  labors  of  some  of  the  early  workers  in  the  science 
on  this  continent. 

Daring  the  last  quarter  of  the  eighteenth  century,  while  great 
activitj  existed  and  rapid  advance  was  made  in  the  study  of  chem- 
istry and  mineralogy  in  Europe,  almost  nothing  was  accomplished 
ID  this  new  country.  It  is  true  that  students  in  other  departments 
of  science,  especially  members  of  the  medical  profession,  in  the 
cities  of  Philadelphia,  New  York  and  Boston,  attempted  to  arouse 
an  interest  in  mineralogy,  believing  that  the  diffusion  of  a  knowl- 
edge of  this  science  would  be  of  the  utmost  importance  in  the  ma- 
terial development  of  the  country.    There  were,  however,  no  text- 

1.  A.  A.  8.,  VOL.  XXXI.  1  (1) 
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books  to  aid  the  inquirer.      There  were  no  collections  of  mineral 

to  stimulate  the  student.    In  the  absence  of  these  it  was  almos 

impossible  that  an  interest  in  this  science  should  be  fostered,  ( 

that  a  spirit  of  investigation  should  be  awakened. 

As  the  first  distinct  beginning  of  the  science,  I  may  mention  i 

association  formed  in  1798  in  the  city  of  New  York,  which  f 

sumed,  as  they  expressed  it,  ^Hhe  name  and  style  of  the  Americ 

Mineralogical  Society^.    It  announced  as  its  object  ^^the  investi^ 

lion  of  the  Mineral  and  Fossil  bodies  which  compose  the  Fabric 

the  Globe,  and  more  especially  for  the  Natural  and  Chemical  H 

tory  of  the  Minerals  and  Fossils  of  the  United  States."    The  < 

tinguished  Dr.  Samuel  Latham  Mitchill,  who  seems  to  have  b 

a  man  of  universal  genius,  was  at  once  its  first  president,  its 

brarian,  and  its  cabinet-keeper.     The  committee  of  the  soe 

issued  a  circular,  in  which,  while  expressing  themselves,  ^^desii 

of  obtaining  and  diffusing  by  every  means  in  their  power  a  coi 

and  extensive  knowledge  of  the  mineral  treasures  of  their  coui 

they  earnestly  solicited  their  fellow-citizens  to  communicat 

them  on  all  mineralogical  subjects,  but  especially  on  the  fol 

ing,"  viz. : 

'*l.  Concerning  the  stones  snitable  to  be  manufactared  into  gun-J 
where  are  they  foand?  and  in  what  quantity?  2.  Concerning  ', 
brimstone  or  sulphur  or  the  waters  or  minerals  whence  it  may  be  extn 
8.  Concerning  salt-petre :  where  (if  at  all)  found  native  ?  or  the 
which  produce  it  in  the  United  States?  4.  Concerning  mines  and  o 
lead:  in  what  places?  the  situation?  how  wide  the  vein?  and  In 
kind  of  rock  it  is  bedded." 

This  warlike  demand  seems  to  call  more  for  the  discjovery  i 
materials  for  national  defence  than  for  the  advancement  of  sc 
and  besides  being  a  commentary  on  the  spirit  of  the  times, 
a  rather  humorous  impression  of  their  strangely  inadeqaat 
ception  of  the  science  of  mineralogy,  and  its  possible  bearli 
practical  life.  But  in  justice  to  them  I  should  add  that  it  is  i 
announced  that  ^^specimensof  ores,  metals,  coals,  spars,  gy] 
crystals,  petrifactions,  stones,  earths,  slates,  clays,  < 
limestones,  marbles,  and  every  fossil  substance  that  i 
discovered  or  fall  in  the  way  of  a  traveller,  which  can 
light  on  the  mineralogical  history  of  America,  inrill    be 

1  Tk€  Medical  UepotUory,  Vol.  II,  p.  U4  (1790),  edited  by  S.  L.  MitchiU  an 
Miller. 
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ined  and  analyzed  withoat  cost,  sufficient  pieces,  with  the  own- 
er's leave,  being  reserved  for  placing  in  the  society's  collection." 
I  have  quoted  the  circnlar  almost  verbatim  to  give  you  some  idea 
of  the  genuine  though  crude  longings  for  knowledge  felt  by  our 
early  mineralogists,  and  also  of  the  generous  spirit  in  which  they 
worked. 

A  still  more  forcible  picture  of  the  ignorance  of  the  time  is 
given  by  the  elder  Flx>fessor  Silliman  in  1818 :'  ^^Notwithstanding 
the  laudable  efforts  of  a  few  gentlemen,"   he  says,  ^*  to  excite  some 
taste  for  mineralogy,  so  little  had  been  effected  in  forming  collec- 
tions, in  kindling  curiosity  and  diffusing  information,  that  only 
fifteen  years  since  (1808),  it  was  a  matter  of  extreme  difficulty  to 
obtain  among  ourselves  even  the  names  of  the  most  common  stones 
and  minerals ;  and  one  might  inquire  earnestly  and  long  before  he 
could  find  any  one  to  identify  even  quartz^  feldspar  or  Iwmblende 
among  the  simple  minerals,  or  granite^  porphyry  or  trap  among  the 
rocks.    We  speak  from  experience,  and  well  remember  with  what 
impaUent,  but  almost  despairing  curiosity  we  eyed  the  bleak, 
naked  ridges  which  impended  over  the  valleys  and  plains  that  were 
the  scenes  of  our  youthful  excursions.    In  vain  did  we  doubt  that 
the  glittering  spangles  of  mica,  and  the  still  more  alluring  bril- 
liancy of  pyrites,  gave  assurance  of  the  existence  of  the  precious 
metals  in  those  substances,  or  that  the  cutting  of  glass  by  the  gar- 
net, and  by  quartz,  proved  that  these  minerals  were  the  diamond ; 
but  if  they  were  not  precious  metals,  and  if  they  were  not  diamonds, 
we  in  vain  inquired  of  our  companions,  and  even  of  our  teachera, 
what  they  were." 

Sach,  then,  was  the  state  of  knowledge  in  mineralogy  here  at 
the  commencement  of  the  centuiy.  A  few  American  minerals, 
collected  by  travellers  from  time  to  time,  had  before  this  been 
taken  to  Europe  for  identification,  but  among  these  were  discovered 
only  two  minerals  new  to  science.  The  Moravian  missionaries 
fonnd  at  St.  Paul  in  Labrador,  the  beautiful  species  of  feldspar 
called  by  Werner  IdbradoT'Stein^  which  in  more  modern  times  we 
know  under  the  name  of  laJbradofite,  Klaproth,  the  most  eminent 
analytical  chemist  of  his  time,  discovered  that  the  so-called  fibrous 
harytes  from  Pennsylvania  was  the  sulphate  of  the  then  newly 
discovered  earth  strontia.^  He  thus,  for  the  first  time,  identified 

*BeTiew  of  deaTeUnd't  Mineralogy,  Amerietm  Journal  of  Soie$iee  (1),  I,  p.  88. 
^BdMgetmr  tkmmi§ehtn  KaUmu  der  MineralUrper,  II,  92. 
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the  mineral  species  cdeslUe  which  was  sabsequently  foand  in  Yari« 
ous  localities  in  Europe. 

Although  little  had  been  accomplished  in  America  previous  t 
1800,  the  first  quarter  of  the  new  century  was  destined  to  sbo^ 
great  development  here  in  the  study  of  mineralogy.  During  th 
early  years  of  this  quarter  several  collections  of  European  minei 
als  were  brought  to  this  country  by  American  gentlemen  who  be 
availed  themselves  during  a  residence  in  Europe  of  the  best  oppo 
tunities  for  acquiring  a  knowledge  of  the  science  from  the  gre 
masters  of  the  subject  in  Germany  and  France.  About  this  tii 
also  several  colleges  in  the  country  had  instituted  chairs  of  chei 
istry  and  mineralogy,  and  a  commencement  was  thus  made 
teaching  these  sciences  in  the  higher  schools.  As  the  result 
these  influences  the  number  of  persons  interested  in  mineralc 
was  largely  increased,  and  an  active  search  for  minerals  was  in 
ated  throughout  all  of  the  older  United  States  and  to  a  consic 
able  extent  also  in  Canada. 

So  energetically  were  these  explorations  followed  up  tha 
1825  a  Catalogue^  of  American  minerals  was  published  by 
Samuel  Bobinson,  with  their  localities  arranged  geographic! 
and  giving  only  such  as  were  known  to  exist  in  the  United  St 
and  the  British  Provinces.    It  formed  an  octavo  volume  of 
three  hundred  pages. 

That  much  credit  was  due  to  many  workers  during  this  pe 
both  in  the  field  and  in  the  laboratory,  there  can  be  no  ques 
but  among  them  all  I  find  four  men  standing  forth  so  promin 
as  leaders,  that  I  have  thought  it  would  be  well  for  us  to  i 
briefly  something  of  the  character  of  these  men  and  their  1 
for  the  advancement  of  mineralogy  in  this  country. 

First  among  these  I  will  mention  Dr.  Archibald  Brucs.' 
was  the  son  of  Dr.  William  Bruce,  a  surgeon  in  the  British 
and  was  born  in  New  York  in  1777.  He  was  graduated  at  C 
bia  College;  subsequently  studied  medicine,  and  in  1798  w 
Edinburgh  where,  in  1800,  he  obtained  his  doctor's  degre< 
that  university.  He  was  early  interested  in  natural  scieiK 
while  still  in  college  found,  his  biographer  says,  ^^tlie  col 
and  examination  of  minerals  —  a  pursuit  not  then  at  all  at 

*  Caialogue  of  AmtHcan  Mineral  LocalUiei,  by  Dr.  Samael  Bobinson.  8t( 
Boston,  VSSA. 

B  For  a  biographical  notice  of  Dr.  Bruce  see  Ametioan  Joumai  of  Sctencey 

209, 1818. 


PBE8IDENT  BRUSH.  O 

to  in  this  ooontry —  was  his  particular  relief  from  other  studies ; 
for  even  during  his  recreation  he  was  ever  on  the  lookout  for  some- 
thing new  or  instructing  in  mineralogy." 

When  he  went  to  Europe  he  took  with  him  a  large  number  of 
American  minerals,  and  through  exchanges  with  institutions  and 
prominent  mineralogists  abroad,  he  established  friendly  relations 
with  those  most  interested  in  his  favorite  science.  After  the  com- 
pletion of  his  medical  studies,  he  travelled  for  two  years  on  the 
continent  of  Europe,  making  the  acquaintance  of  the  Abbi  Haiiy, 
and  other  eminent  mineralogists,  and  collecting  an  extensive  cab- 
inet of  valuable  minerals,  which  on  his  return  to  this  country  in 
1803,  he  brought  with  him  to  New  York.  This  collection,  with 
another  brought  to  New  York  about  the  same  time  by  Mr.  B.  D. 
Perkins — both  being  made  fully  accessible  to  all  interested  in  see- 
ing them— contributed,  it  was  said,  more  than  any  agencies  bad 
ever  done  before,  to  excite  in  the  public  an  active  interest  in  the 
science  of  mineralogy.  Besides  this  Dr.  Bruce  entered  into  ex- 
tensive correspondence  with  others  interested  in  the  subject,  was 
active  in  visiting  and  discovering  new  mineral  localities,  and  in 
advising,  encouraging  and  inspiring  young  mineralogists.  Fi- 
nally, after  well  considering  the  matter,  he  established  the  first 
purely  scientific  periodical  ever  published  in  America.  This  was 
called  the  American  JUtneralogicdl  Joumaly^  and  the  first  number 
of  it  was  published  in  1810^.  It  contained  original  contributions, 
chiefly  on  mineralogy,  from  a  number  of  investigators.  ^*  It  was 
received,"  says  the  elder  Silliman,  'Mn  this  country  and  in  Europe 
in  a  flattering  manner ;  it  excited  at  home  great  zeal  and  effort  in 
support  of  the  sciences  which  it  fostered,  and  abroad  it  was  hailed 
as  the  harbinger  of  our  Aiture  exertions."  But,  alas !  it  was  in 
advance  of  the  age,  and,  after  struggling  for  several  years,  was 
given  up  on  the  publication  of  the  fourth  number.  Possibly  it 
would  have  continued  longer  had  it  not  been  for  the  failing  health 
of  its  founder. 

This  Journal  contained  several  important  papers  by  Dr.  Bruce : 
among  them,  the  investigation  and  description  of  two  new  mineral 

*Tb»Amerioam  Ittneraioffiedl  Jaurual,  being  a  collection  of  fkoto  and  observations 
tending  to  elucidate  the  mineralogy  and  geology  of  the  United  States  of  America;  to> 
getber  with  other  information  relating  to  roineralogry*  geology  and  chemistry  derived 
from  scientific  sources.  Condncted  by  Aschtbald  Bruce,  M.D^  Professor  of  Materia 
If  edica  in  the  Medical  Institution  of  Now  York,  and  Queen's  College  (N.  J.).  Vol.  1, 
99  pp,    NewTork.    IS14. 
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species,  the  ncUive  magjiesia  of  Hoboken  and  the  red  zinc  oxide  oi 
Sussex  Co.,  New  Jersey.  These  are  the  first  American  species 
described  by  an  American  mineralogist.  So  thoroughly  was  the 
work  done  by  Bruce,  that  these  species  remain  to-day  essentialljf 
as  he  described  them,  and  his  papers  may  well  be  studied  by  min- 
eralogists now  as  models  of  accuracy  and  clearness  of  statement 

Dr.  Bruce  did  much  also  for  the  elevation  of  the  medical  profes 
sion,  was  one  of  the  founders  of  the  New  York  Medical  Society 
and  was  largely  influential  in  obtaining  the  charter  of  the  Coll^ 
of  Physicians  and  Surgeons,  in  which  he  was  subsequently  th 
Professor  of  Materia  Medica  and  Mineralogy. 

He  is  described  as  a  successful  teacher,  a  man  of  wide  a 
quirements  and  of  great  integrity,  which  qualities,  with  h 
abounding  generosity  and  hospitality,  commanded  the  respe 
and  regard  of  all  who  knew  him.  It  was  a  great  loss  to  scien 
and  to  his  country  that  so  able  an  investigator  should  ha 
been  cut  off  at  the  early  age  of  42.  He  died  in  New  Yoi 
Feb.  24,  1818. 

I  have  mentioned  that  the  importation  and  exhibition  of  ooU 
tions  of  minerals  from  Europe  had  contributed  much  to  exc 
an  interest  in  the  study  of  mineralogy.  It  was  necessary  to  hi 
known  minerals  for  study  and  comparison  in  order  properly  to 
termine  those  obtained  by  exploration  here.  In  1805,  Cole 
George  Gibbs  of  Rhode  Island,  for  many  years  a  resident  in  ! 
rope,  returned  from  his  travels  with  a  collection  of  minerals 
most  extensive  and  valuable  ever  brought  to  America.  Cole 
Gibbs  was  a  zealous  cultivator  of  mineralogy  and,  fortunately 
science,  a  young  man  of  wealth.  He  used  his  money  freely 
the  purchase  of  whole  cabinets,  as  well  as  in  personal  explorati 
in  search  for  minerals. 

The  larger  part  of  his  collection  was  made  by  the  purchase 
two  famous  European  cabinets,  one  from  the  heirs  of  Gigot  d'O 
a  noted  French  collector,  and  said  to  have  been  the  resalt  of  f 
years'  labor,  the  other  from  Count  Gregoire  de  Razamowsk 
Russian  nobleman,  long  resident  in  Switzerland.     D'Orcy's 
inet  numbered  over  4,000  specimens,  chiefly  from  France, 
many,  Italy  and  Great  Britain;  Razamowsky's  contained   a 
6,000  specimens  from  the  Russian  Empire  and  the  remainder 
cipally  from  Germany  and  Switzerland ;  in  all,  with  the  othei 
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lections  made  by  Colonel  Gibbs,  it  is  said  that  more  than  20,000 
specimens  were  brought  by  him  to  this  country .^ 

In  1807,  a  portion  of  this  collection  was  opened  in  Newport, 
and  many  interested  in  mineralogy  made  pilgrimages  there,  to 
view  the  treasares  it  contained.  Among  others  was  Professor 
Silliman,  who  states  in  his  diary,  that  he  spent  many  weeks  in 
studying  the  minerals  with  Colonel  Gibbs,  finding  in  the  latter 
^'  a  scientific  friend  and  a  professional  instructor  and  guide."  That 
Colmiel  Gibbs  reciprocated  Professor  Silliman's  feelings  of  friend- 
ship there  can  be  no  doubt ;  for,  alter  yarious  offers  to  deposit  his 
collection  for  exhibition  in  Boston,  New  York  and  elsewhere,  to 
the  great  surprise  of  Professor  Silliman,  he  proposed  to  open  the 
cabinet  at  Tale  College,  provided  rooms  should  be  fitted  up  for 
its  reception. 

The  proposition  was  promptly  responded  to  by  the  authorities 
of  the  college,  and  in  1810,  1811  and  1812,  under  the  personal 
supervision  of  Colonel  Gibbs,  it  was  opened  and  arranged,  and 
generoasly  placed  at  the  disposition  of  the  institution  and  the 
public.  The  opening  of  this  collection  in  New  Haven  formed  an 
important  epoch  in  the  history  of  the  college,  and  gave  a  power- 
ful impetus  to  science  throughout  the  country.  It  was  not  only 
studied  by  the  pupils  of  the  college,  but  it  was  visited  by  travel- 
lers ftom  all  parts  of  the  United  States. 

In  1825,  the  collection  had  for  fifteen  years  been  exhibited  without 
any  advantage  to  the  owner,  other  than  the  satisfaction  of  observ- 
ing the  great  amount  of  good  which  was  effected  by  the  knowledge 
it  disseminated,  and  the  enthusiasm  witii  which  it  inspired  stu- 
dents. Colonel  Gibbs  then  offered  the  whole  for  sale,  giving  the 
college  the  preference  as  purchaser.  Fortunately  and  mainly 
through  the  influence  of  Professor  Silliman,  the  institution  suc- 
ceeded in  raising  the  fbnds  ($20,000)  necessary  for  its  purchase, 
and  the  ownership  of  this  collection  has  exercised  a  most  im- 
portant influence  in  the  development  of  natural  science  at  New 
Haven. 

Colonel  Gibbs^  however,  did  not  confine  himself  to  the  collec- 
tion of  minerals  in  Europe.  On  his  return  to  this  country  he 
made  extensive  journeys  and  opened  up  new  mineral  localities, 
giving  his  time  and  specimens  freely  to  aid  others  who  were  in- 
terested in  this  special  study.     At  Yale,  as  an  incentive  to  stu- 

'  MMicai  RtpotOorp  (3),  V,  213  (1806). 


8  ADDBE88  BT 

dents,  he  for  mao;  years  offered  prizes  for  anperiority  of  iltaia 
ments  in  mineralogical  knowledge  and  for  services  rendered  to  tb 
sdence  by  useful  discoveries  and  obsen'ations.^ 

He  pahliahed  valuable  papers  both  iu  the  American  Mntralo^ 
cat  Journal  and  the  American  Journal  of  Science,  and  did  muc 
by  his  coansel  and  cooperation  to  support  these  publicatioiiB.  Ii 
deed,  it  was  from  Colonel  Gibbs  that  Profesaor  Silliman  first  r 
ceived  the  suggestion  that  he  ahonld  iostitute  a  new  Journal 
Science,  in  order  that  the  advantages  already  gained  by  the  Bboi 
lived  Uineralogical  Journal  might  be  secured  and  fUrther  progre 
for  science  might  be  made.' 

In  every  way  Colonel  Gibbs  proved  btmself  a  liberal  patron 
science,  and  it  was  moat  fortunate  for  the  promotion  of  mineralo 
ia  this  country  that  he  should  so  unselfishly  have  devoted 
wealth  and  bis  personal  influence  to  its  advancement.  He  d 
August  5,  1833,  aged  57. 

Much  as  had  been  accomplished  by  the  free  exhibitioa  of  cabii 
and  the  explorations  and  investigstiODS  of  enthusiastic  worl 
in  minerali^y  during  the  years  from  1805  to  1815,  &  great  dr 
back  was  now  felt  to  the  progress  of  the  science  from  the  wan 
text-books.  Most  of  the  literature  of  the  subject  was  in  Gen 
and  French,  but  the  works  of  the  French  and  German  authors 
not  then  been  translated  and  consequently  were  accessible  onl 
the  few  who  were  acquunted  with  these  languages. 

In  English  there  were  not  many  treatises  on  the  subject.     '. 

by  Kchard  Eirwan,  the  eminent  Irish  mineralogist  of  the 

centnr}',  was  a  renowned  work  in  its  day,  but,  as  the  last  ed 

of  it  had  been  published  in  1794,  it  was  already  too  old  to  t 

much  service  to  the  student.     Jameson's  treatise  was  some 

304),'"  but  its  great  falness  and  exclosive  dev< 

in  system  made  it  an  undesirable  book  for  begin 

fact  that  its  price  was  such  that  few  studen 

dd  aflbrd  to  buy  it.     So  much  progress  bad 

and  abroad,  that  a  work  was  needed  here  i 

the  modern  discoveries,  and  one  also  wbicb  s! 


<t  edition,  lb«  l*t  Ti 
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gather  up  the  scattered  facts  already  published  in  regard  to  Amer- 
ican minerals.^^ 

Fortunately  for  the  further  progress  of  science  in  this  country 
this  was  done  by  Professor  Pabker  Cleayeland.  His  work  was 
published  in  1816,  and  was  entitled  ^' An  Elementary  Treatise  on 
Mineralogy  and  Geology."^^ 

Professor  Cleaveland  was  professor  of  mathematics  and  natural 
philosophy  in  Bowdoin  College,  and,  like  many  other  professora  of 
science  in  the  early  history  of  American  colleges,  was  charged  by 
the  trustees  to  lecture  also  on  mineralogy  and  chemistry.  He  was 
an  enthusiastic  student  of  mineralogy,  was  well  acquainted  with 
the  literature  of  the  science  in  various  languages,  had  been  a  suc- 
cessful teacher  of  the  subject  for  many  years,  and  withal  was  both 
an  explorer  and  investigator,  and  held  intimate  relations  with  the 
kading  mineralogists  of  the  day.  The  work  was  modelled  on  the 
general  plan  of  Brongniart,  combining  the  excellences  of  both 
the  French  and  German  schools,  and  gave  in  detail  almost  every- 
thing then  known  in  regard  to  American  minerals.  It  supplied 
the  pressing  need  for  a  thorough,  systematic  and  American  treatise 
on  mineralogy,  well  suited  to  all  classes  of  students,  and  it  was 
written  in  such  a  masterly  style  that  it  won  for  its  author  the  high- 
est praise  from  the  leading  mineralogists  of  the  world.  *'It 
brought,"  says  Professor  Silliman,  ^^  within  the  reach  of  the  Amer- 
ican student  the  excellences  of  Kirwan,  Jameson,  Haiiy,  Bro- 
chant,  Brongniart  and  Werner,  and  we  are  not  ashamed/'  he  says, 
^'to  have  this  work  compared  with  those  of  these  celebrated  au- 
thors.***^ His  biographer^*  states  that  "he  received  letters  of 
respect  and  congratulation  from  Sir  David  Brewster,  Sir  Hum- 
phrey Davy  and  Dr.  Macculloch,  in  England,  from  Berzelius,  in 
Stockholm,  Germar  of  Halle,  fh)m  Brongniart,  Baron  Cuvier  and 
the  Abb£  Haiiy,  in  Paris." 

"The  Mamnat  qf  3iUieralogjfj  by  A.  AiKiN»  was  reprinted  in  Philadelphia  in  1815,  but 
It  eoDUiBed  nothing  in  regard  to  American  minerals. 

*>  An  elementary  treatise  on  Mineralogy  and  (jeology*  being  an  introduction  to  the 
■tody  of  these  sciences,  and  designed  for  the  use  of  pupils,— for  persons  attending  lec- 
toret  on  the  subjects,— and  as  a  companion  ior  travellers  in  the  United  States  of  Amer- 
ica. By  Parksr  Clkatelakd,  Professor  of  Mathematics  and  Natural  Philosophy, 
lad  Lectnrer  on  Chemistry  and  Mineralogy  in  Bowdoin  College.  One  Tolnme,  668  pp. 
8to,  with  six  plates.    Boston,  1816. 

"  Beriew  of  Cleatreland's  Mineralogy,  loe.  cit. 

i«  The  main  TiictB  as  stated  in  regard  to  l*rofessor  Cleaveland  are  ttom  an  address 
on  his  life  and  character  by  Leonard  Woods,  D.  D.,  President  of  Bowdoin  College. 
Braoswick,  1880. 
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The  work  at  once  took  rank  as  one  of  the  leading  aathoi 
on  the  science  and  was  introduced  as  a  class-book  in  the  prin< 
schools  and  colleges  in  America.  The  first  edition  was  soon 
hausted  and  a  new  and  revised  edition  with  more  than  a  han 
pages  of  new  matter  was  published  in  1822.  The  demand  wi 
great  that  this  likewise  was  soon  out  of  print  and  a  third  ed 
was  called  for  by  the  public,  but  Professor  Cleaveland  had  a 
this  time  become  so  engrossed  in  the  administration  of  the  a: 
of  the  new  Medical  School  at  Brunswick  that  he  was  unable  1 
spond  to  the  call,  having  turned  his  thoughts  and  efforts  in 
directions. 

Unfortunately  for  the  science  of  mineralogy,  in  which  he 
obtained  such  eminence  as  an  author  and  teacher,  he  no  U 
contributed  actively  to  its  progress,  although  he  continue 
work  as  lecturer  on  the  science  so  long  as  he  lived.  He  died 
16,  1859,  in  the  seventy-ninth  year  of  his  age. 

The  last  to  be  mentioned  of  these  early  leaders  is  Prol 
Benjamin  Sillixan.  His  name  is  so  intimately  associated 
the  progress  of  science  on  this  continent  during  the  first  h: 
the  present  century,  that  his  life  work  is  more  or  less  famil 
alU^.  But  the  important  service  he  rendered  in  the  early  hist 
mineralogy  deserves  especial  recognition  here,  not  only  fc 
work  he  himself  did  in  the  laboratory  and  the  field,  but  be 
his  enthusiasm  and  zeal  wei'e  a  constant  inspiration  to  othen 

Commencing  with  the  historic  '^  candle-box"  of  unlabelled  f 
which  he  took  to  Dr.  Adam  Seybert,  of  Philadelphia,  to  be  n 
he  began  with  enthusiasm  the  acquisition  of  knowledge  an 
gathering  of  material  to  illustrate  the  mineral  kingdom.  £ 
a  residence  in  England  and  Scotland  in  1805-6  he  had  oppc 
ties  to  add  to  his  information,  and  collect  many  specimens,  i 
from  the  mines  of  Derbyshire  and  Cornwall.  On  his  ret 
America  he  at  once  applied  the  knowledge  he  had  acqui 
making  an  exploration  of  the  mineral  structure  of  the  envir 
New  Haven,  and  read  a  paper  on  this  subject  to  the  Conn< 
Academy  of  Arts  and  Sciences  in  September,  1806. 

In  the  following  year  he  induced  the  corporation  of  the  < 

1*  See  Life  of  Benjamin  Silliman,  M.  D.,  LL.  D.,  Lato  Professor  of  Cli 
Mineralogy  and  Geology  in  Ynle  College.  Chiefly  ft'om  his  manuscript  remini 
diaries,  and  correspondence,  by  Geo.  P.  Fibubk,  Professor  in  Yale  College.  ' 
umes,  12  mo.    New  York,  18(W. 
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to  purchase  the  mineral  collection  of  Mr.  B.  D.  Perkins  of  New 
York  (already  referred  to),  for  one  thousand  dollars,  thus  placing 
Uie  institution  in  possession  of  means  for  illustrating  the  science  of 
mineralogy  far  in  advance  of  anything  it  had  before  enjoyed. 

The  occurrence  of  the  fall  of  the  Weston  Meteorite  in  De- 
cember, 1807,  offered  an  opportunity  for  Professor  Silliman 
to  undertake,  in  connection  with  his  colleague,  Professor  Eingsley, 
an  investigation  into  the  circumstances  of  the  phenomena,  and  the 
character  of  the  stones  which  fell  at  that  time.  The  results  of  this 
investigation  were  presented  to  the  American  Philosophical  Society 
and  published  in  the  American  Philosophical  Transactions  in  1809. 
The  diligence  employed  in  obtaining  all  the  facts  possible  from  eye- 
witnesses of  the  occun'ence,  and  the  care  and  skill  shown  in  the 
chemical  and  mineralogical  examination  of  the  meteorite,  made  this 
paper  one  of  the  most  remarkable  memoirs  of  the  time,  and  at* 
trscted  the  attention  of  philosophers  throughout  the  world. 

As  already  stated,  it  was  the  personal  enthusiasm  and  magnetic 
iDflnence  of  Professor  Silliman  which  led  Colonel  Gibbs  to  deposit 
his  great  cabinet  of  minerals  in  New  Haven,  under  the  care  of  his 
friend.  It  was  due  to  the  same  qualities  in  Professor  Silliman 
that  the  college  secured  the  permanent  possession  of  this  invalua- 
ble collection,  which  probably  has  done  more  than  any  other  single 
agency  to  create  an  interest  in  and  disseminate  a  knowledge  of 
mineralogy  in  this  country. 

The  establishment  of  the  American  Journal  of  Science  in  1818, 
DOW  everywhere  recognized  as  of  inestimable  value  to  all  depart- 
ments of  science,  was  peculiarly  helpful  to  mineralogy,  and  the 
early  volames  are  rich  in  articles  on  this  subject.  Professor  Silli- 
man's  original  contributions  to  science  were  more  in  chemistry  and 
geology,  but  he  also  is  the  author  of  several  important  papers  on 
mineralogy,  and  was  the  discoverer  of  the  occurrence  of  native 
langstic  acid  as  a  mineral  species.  For  more  than  fifty  years  he 
continued  as  a  teacher  in  Yale  College,  and  when  he  resigned  his 
professorship  in  1853,  he  had  the  satisfaction  to  have  as  his  suc- 
cessor in  the  department  of  mineralogy  and  geology  Professor 
James  D.  Dana,  who  was  already  among  the  foremost  mineralo- 
gists of  the  day,  and  whose  published  works,  before  and  since  his 
accession  to  this  professorship,  have  done  so  much  for  the  advance- 
ment of  mineralogy. 
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Professor  Silliman  retired  from  his  active  labors  in  his  seventy- 
foarth  3'ear,  still  in  full  possession  of  his  remarkable  physical  and 
mental  powers,  and  lived  honored  and  revered  until  Nov.  24, 1864, 
when  he  passed  to  his  rest. 

It  will  be  inferred  from  what  has  been  said  of  these  pioneers 
that  the  developments  and  discoveries  of  minerals,  during  the  first 
twenty-five  years  of  the  century,  were  due  entirely  to  individual  en- 
thusiasm and  private  enterprise.  Up  to  this  time  no  aid  had  been 
received  from  either  state  or  national  governments,  and  in  loob 
ing  over  the  work  accomplished  during  this  period  we  are  fillec 
with  wonder  and  admiration  at  the  energy  and  rare  devotion  U 
science  exhibited.  The  larger  portion  of  the  continent  was  an  ur 
broken  wilderness,  and  the  facilities  of  communication  even  in  th 
settled  parts  of  the  country  were  of  the  most  primitive  characte 
Yet  at  the  present  day,  with  our  means  of  rapid  transportatio: 
many  naturalists  would  hesitate  to  undertake  the  long  Journe; 
then  made  for  purely  scientific  purposes. 

Geologists  as  well  as  mineralogists  will  recall  how  much  science 
indebted  to  such  men  as  William  Maclure,  James  Pierce,  Thon 
Nuttall  (the  botanist),  and  others  who  made  extensive  tr 
through  the  whole  territory  east  and  in  some  instances  to  the  w 
of  the  Mississippi  River.  Maclure  not  onl}'  devoted  his  time  i 
money  to  making  and  publishing  a  geological  survey  of  the  Uni 
States  and  Canada,  the  first  report  of  which  was  made  in  180 
but  to  him  the  Academy  of  Natural  Sciences,  in  Philadelphia,  o 
its  first  endowment.*^ 

I  shall  be  pardoned,  I  tinist,  if  I  mention  still  another  signa 
stance  of  private  liberality  in  this  connection.     Gen.  Stephen 
lieusselaer,  of  New  York,  a  generous  patron  of  science,  defn 
all  the  expenses  of  a  geological  survey  of  the  country  adjace] 
the  Erie  Canal,  including  the  making  of  a  geological  section 
Lake  Erie  to  the  eastern  coast  of  Massachusetts.^^       This  sv 

1*  Published  later  with  additions,  In  a  volume  of  127  pp.«  8vo,  with  two  plates. 
adelphia,  1817. 

^^  Memoir  of  William  Maclure,  Esq.,  late  President  of  the  Academy  of  Katui 
ences  of  Philadelphia,  by  8.  G.  Morton,  M.  D.    Am,  J.  Sci.,  (1)  XL VII,    1     (1844 

>*  A  Geologicul  and  Af^ricultural  Survey  of  tlie  district  acyolning  the  firie  Cana 
state  of  New  York,  taken  under  the  direction  of  Hon.  Stephen  Van  Bensselaar 
I.  cx)utaining  a  description  of  the  rock  formations,  together  with  a  proAle  ex. 
from  the  Atlantic  to  Lake  Erie.    163  pp.  8vo.   Albany,  1824. 
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under  the  charge  of  Professor  Amos  Eaton,  with  a  competent 
corps  of  assistants,  and  was  continued  for  four  years,  from  1820  to 
I824j  at  a  cost  of  many  thousands  of  dollars.  General  Van  Bens- 
selser  was  also  the  founder  of  the  first  school  of  technical  science 
in  this  country — the  Bensselser  Polytechnic  Institute,  at  Troy, 
which  was  placed  under  the  charge  of  Professor  Eaton.  It  may 
be  interesting  here,  in  these  days  of  summer  schools,  to  i*ecall, 
although  parenthetically,  that  what  was  probably  the  first  summer 
school  of  science  in  the  United  States  was  established  more  than 
fifty  years  ago  in  connection  with  this  institution.  Tlie  school 
consisted  of  a  flotilla  of  towed  canal  boats/  and  the  route  was  from 
Troy  to  Lake  Erie.  It  took  two  months  for  the  trip  and  all  im- 
portant points  on  the  way  were  visited.  Instruction  by  lectures  and 
examinations  was  given  in  mineralogy,  geol<^y,  botany,  zoology, 
chemistry,  experimental  philosophy  and  practical  mathematics, 
particularly  land  surveying,  harbor  surveying  and  engineering. 
One  of  the  largest  boats  in  the  flotilla  was  fitted  up  as  a  labora- 
tory, with  cabinets  in  mineralc^y  and  geology  and  also  scientific 
books  for  reference.  Students  were  taught  the  method  of  procur- 
ing specimens  and  were  required  to  make  collections  of  whatever 
was  interesting  on  the  route.  ^^ 

The  pablic  mind  was  finally  awakened  to  the  importance  of  the 
work  which  these  explorers  and  investigators  had  carried  on  single 
handed.  Government  now  came  to  the  aid  of  Science.  In  1824, 
one  State  legislature,  that  of  North  Carolina,  authorized  a  geolog- 
ical survey  to  be  made.  This  example  was  followed  in  1830  by 
Massachusetts  and  soon  after  b}'  New  York,  Pennsylvania,  Vir- 
ginia and  other  states,  and  also  by  the  national  government,  until 
as  is  now  well  known,  the  whole  territory  of  the  United  States  and 
Canada,  either  has  been  or  is  in  the  process  of  being  surveyed.  Sev- 
eral of  the  state  surveys  published  independent  volumes  on  the 
mineralc^y  of  their  respective  states,  and  these  surveys  have  been 
a  powerfhl  auxiliary  in  extending  our  knowledge  of  the  occurrence 
of  minerals.on  this  continent.  The  opening  of  mines  and  quarries 
throughout  the  country  has  also  furnished  abundant  material  for 
study.  The  large  number  of  original  contributions  which  have  been 
published  in  the  volumes  of  State  Surveys,  the  treatises  by  American 
authors,  and  the  still  larger  number  of  memoirs  and  papers  com- 

»AmeHetMJinirniUo/ Science  {\),  XYUI,  300.    (1830.) 
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municated  to  our  academies  of  science  and  scientific  Journals  can- 
not be  even  enumerated  in  this  place,  neither  is  it  my  purpose  to 
attempt  to  give  here  a  list  of  the  names  of  those  who  have  been 
actively  engaged  in  making  researches  on  American  minerals  » 
Still  less  can  I  attempt  to  give  an  account  of  the  work  that  has 
been  and  is  being  done  by  living  mineralogists.  The  sketch  which  I 
have  presented  of  the  four  typical  workers  has  in  a  measure  shown 
the  character  of  our  early  mineralogists,  the  earnest  spirit  in  which 
they  lal)ored,  and  what  they  accomplished  in  the  first  quarter  of 
the  century.  The  point  to  which  the  science  has  reached  in  the 
last  quarter  of  the  century  cannot  be  unfamiliar  to  you  all. 

In  the  time  that  remains  I  desire  to  call  your  attention  to  some 
of  the  developments  made  in  the  field  in  which  our  mineralogists 
have  worked.  It  was  thought  by  many  scientists  in  the  first  half 
of  this  century  that  our  rocks  seemed  likely  to  afford  less  vari- 
ety of  mineral  contents  than  the  rocks  of  Europe.  Further  study, 
however,  and  more  careful  and  extended  observations  encourage 
us  to  believe  that  our  mineral  riches,  even  in  variety  of  species, 
will  compare  favorably  with  those  of  other  continents,  Ali'eady 
fully  one-half  of  the  known  mineral  species  have  been  found  here. 
The  present  number  of  known  minerals  is  variously  estimated 
to  be  from  seven  hundred  to  one  thousand.  There  have  been  de- 
scribed, as  occurring  here,  nearly  three  hundred  supposed  new 
American  minerals.  Of  these,  perhaps  one-quarter  are  new  to  8ci« 
ence  and  the  remainder  have  either  been  proved  to  be  identical 
with  species  already  described,  or  their  characters  are  so  imper- 
feelly  given  that  further  investigation  is  needed  to  ascertain  what 
they  are. 

Among  tbesa  new  minerals  aire  some  of  gi*eat  interest  to  science. 
Time,  however,  will  not  allow,  even  if  your  patience  would  permit 
me,  to  give  the  facts  in  detail ;  but  in  justice  to  the  describers  of 
those  announced  to  be  new,  I  will  print,  as  an  appendix  to  this  ad» 
dress,  as  complete  a  list  as  I  have  been  able  to  make  of  the  names 
of  the  proposed  new  American  mineral  species,  with  the  names  of 
their  sponsors.    The  list  will,  I  trust,  be  instructive  both  as  a  warn* 

3<|  For  a  list  of  papers  by  American  chemists,  including  a  large  proportion  of  papers 
publislied  In  mineralogy,  see  American  CorUrlbutiontto  Chmmnstry,  an  address  delivered 
on  the  occasion  of  the  celebration  of  the  Centennial  of  Chemistry  at  Northumberland, 
Pa.,  August  1,  1874,  by  Benjamin  Silltmav.  175  pp.  8vo.  Reprinted  from  the  Ameri- 
can Chemitt  for  August,  September  and  December,  187i« 
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in^  ftnd  an  encouragement  to  investigators.  The  ambition  to  make 
new  species  is  recognized  as  a  drawbaclc  in  every  department  of 
•cience,  and  mineralogy  lias  probably  not  suffered  in  this  respect 
more  than  other  sciences.  Nor  do  I  believe  that  American  miner- 
alc^sts  have,  as  a  class,  been  less  careAil  in  describing  new  spe- 
cies than  their  European  confreres.  There  have  been  flagrant 
examples  of  carelessness  in  both  hemispheres,  and  the  growing  ten- 
dency during  the  last  ten  or  fifteen  years  to  call  things  new  which 
have  been  only  imperfectly  investigated  cannot  be  too  strongly  cen* 
sored.  ^*  If  two  very  simple  rules, "  says  a  recent  writer,^^  ^^  could 
be  conscientiously  followed  by  those  investigating  supposed  new 
mineral  species,  the  science  of  mineralc^y  would  be  vastly  bene- 
fited. These  are :  first,  that  the  material  analyzed  should  in  every 
case  be  proved  by  a  careful  microscopical  and  chemical  exam- 
ination to  be  hofnogeneous;  and  second,  that  the  thorough  investi- 
gation which  is  to  establish  the  position  of  a  '^new  species"  should 
precede,  not  follow,  the  giving  of  a  new  name.  A  mineral  which 
can  onlj  be  partially  described  does  not  deserve  a  name. 

In  comparing  the  minerals  found  in  America  with  those  of  Eu- 
rc^,  although  interesting  minor  variations  are  observed,  it  can 
hardly  be  expected  that  very  marked  difilerenoes  should  exist. 
This  18,  of  course,  due  to  the  fact,  that  in  the  inorganic  kingdom, 
nature  has  everywhere  to  do  with  the  same  elements,  under  es- 
sentially like  conditions.  A  large  number  of  remarkable  analo- 
gies between  the  minerals  of  the  two  continents  will  occur  to  any 
one  familiar  with  the  subject,  as,  for  example,  the  character  of 
the  occurrence  of  individual  minerals  in  the  rocks  of  the  northeast- 
em  United  States  and  Canada  as  compared  with  those  of  Nor- 
way and  Sweden,  and  numberless  instances  of  like  association  of 
minerals  in  various  parts  of  Europe  find  their  counterparts  here. 

A  marked  feature  of  American  minerals  is  the  grand  scale  upon 
which  crystallization  has  taken  place,  individual  crystals  of  large 
size  being  very  common.  The  granite  veins  of  New  England  af- 
ford striking  examples  of  this  kind.  We  have  common  mica,  in 
sheets  a  yard  across ;  feldspar  has  been  observed  where  a  single 
cleavage  plane  measured  ten  feet ;  gigantic  hexagonal  prisms  of 
beryl,  four  feet  long  and  more  than  two  feet  in  diameter,  and 

^^Ti^taeeto  tbe  Tblrd  Appendix  to  Uie  flfth  edition  of  Dana's  MiMrdlogy,    New 
To^   IBBH. 
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weighing  over  two  tons,  have  been  described ;  spodumene  oryatala 
six  to  seven  feet  in  length  and  a  foot  or  more  across,  and  masses 
of  rock  crystal  of  immense  size,  have  been  found.    Canada  and 
New  York  have  given  crystals  of  apatite,  phlogopite  and  spbene 
which  for  these  species  are  of  marvelloas  grandeur  in  dimensions. 
Many  other  American  localities  might  be  mentioned  where  giant 
crystals  occur.    While  it  is  true  that  these  are  extraordinary  in- 
stances, it  is  also  true  as  a  general  fact,  common  to  a  very  large 
proportion  of  the  minerals  found  in  this  country,  that  the  species 
occur  in  much  larger  crystals  than  those  obtained  from  European 
localities. 

Another  point  worthy  of  note  is  the  occurrence  in  comparatively 
large  quantities,  and  over  wide  areas,  of  some  of  the  rarer  ele- 
ments as  constituents  of  the  minerals  found.  In  illustration  of 
this  we  have,  among  the  rare  earths,  gltxina  combined  with  silica 
and  alumina  in  the  mineral  beryl,  oocuiTing  in  large  quantity  and 
perhaps  in  a  hundred  or  more  places;  zirconia^  in  the  minera 
zircon,  is  also  very  widespread  in  its  range  of  occurrence  as  ai 
original  constituent  of  the  older  rocks,  as  well  as  a  vein  mineral 
localities  are  known  which  have  Aimished  this  rai*e  species  by  th 
hundred  weight.  The  cerium  earths  are  found  largely  in  the  mil 
eral  aJlanite,  which  occurs  in  so  many  places  that  it  may  be  said  1 
be  a  common  mineral  in  the  United  States.    These  earths  are  ab 

• 

found  in  the  rare  phosphate  moncusite,  a  mineral  that  in  Amcri< 
has  a  wide  range  of  localities,  and  recently  this  species  has  be^ 
found  in  crystals  of  two,  three,  and,  in  one  instance,  of  eig 
pounds  in  weight.  Again,  three  new  earth  metals,  moaandrw 
phillipium  and  decipium  have  been  described  as  occurring  with  t 
cerium  earths  and  yttria  in  the  North  Carolina  aamarakite.  1 
rare  alkali  metal  lithium,  sometimes  associated  with  the  still  ra 
metals  rubidium  and  ccBsium,  is  found  not  only  of  widespread 
currenee  in  our  lithia  micas,  but  the  mineral  spodumene,  conts 
ing  from  five  to  eight  per  cent  of  lithia,  occurs  by  the  ton  in 
least  one  locality  and  must  be  looked  upon  as  one  of  the  comii 
American  minerals,  being  found  in  the  granite  veins  In  Mai 
New  Hampshire,  Massachusetts  and  Connecticut,  and  as  far  so 
as  North  Carolina  and  Georgia.  Lithia  also  is  one  of  the  < 
stituents  of  the  phosphate  triphilite,  and  there  are  several  lo< 
ties  known  where  this  mineral  occurs  abundantly,     ^gain. 


rKEfllDEMT  BHUSH.  17 

have  the  frequent  occurrence  of  some  of  the  rare  metals  which 

form  metallic  acids :  Colum^ium^  the  first  metal,  new  to  science, 

discovered  in  America,  associated  with  its  twin  metal  tantalum^ 

is  found  in  colnmbite  in  our  granite  veins  from  Maine  to  Georgia, 

a  range  of  more  than  a  thousand  miles,  in  a  score  or  more  of 

places,  and  sometimes  is  obtained  by  the  hundred  weight  at  a  single 

locality.    The  American  variety  of  samarskite^  another  r.are  col- 

umbate,  has  also  been  found  in  masses  of  fifty  pounds  or  more  in 

weight,  and  these  acids  occur  in  still  other  American  species. 

Moiyhdenum^  both  as  sulphide  and  in  the  oxidized  form  as  native 

molybdic  acid  and  molybdate  of  lead,  is  found  in  many  localities, 

and  occasionally  in  large  quantity.     Quite  recently  vanadium  com- 

pounds  have  been  discovered  in  several  places,  and  tungstaies  have 

also  been  observed  over  a  wide  range  of  country.     Titanium  has 

been  found  in  enormous  quantities  in  extensive  deposits  of  titanic 

iron  as  well  as  in  the  form  of  ri^tile  and  in  sphene.    The  rare 

metal  teUurium  occurs  native  in  Colorado  in  one  locality  where 

single  masses  of  twenty-five  pounds  in  weight  have  been  taken 

out,  and  several  new  tellurium  compounds  have  been  found  in  our 

western  mines. 

Jt  is,  perhaps,  unnecessary  to  enumerate  more  fully  the  many 
occorrenoes  of  other  rare  elements  in  American  minerals.    Enough 
has  already  been  said  to  show  that  importapt  developments  have 
been  made  in  the  discovery  and  investigation  of  the  minerals 
found  in  our  American  rocks  during  the  past  eighty  years.    Nev- 
ertheless it  is  but  a  commencement  in  the  work.    Only  a  very 
small  portion  of  our  territory  has  been  explored  with  any  thor- 
oughness, and  none  of  it  exhaustively.     Tlio  enormous  production 
of  the  precious  metals,  and  the  extensive  deposits  of  ores  of  the 
moTe  common  metals  which  have  been  opened  up  during  the  past 
twenty  or  thirty  yeara,  have  placed  us  in  the  front  rank  as  metal 
producers,  but  we  are  still  far  behind  Europe  in  the  vaiiety  of 
minerals  obtained  from  our  mines.     This  may  be  due,  in  some  in- 
stances, to  the  character  of  the  veins  or  ore  deposits,  there  being, 
as  in  many  of  our  gold  and  silver  mines,  repiarkAbly  few  associ- 
ated minerals.     In  other  cases,  however,  it  is  doubtless  due  to  the 
fact  that  very  few  persons  connected  with  our  mines  have  even  an 
elementary  knowledge  of  the  iiidiments  of  mineralogy,  while  in 
continental  Europe  almost  ever3'^  mining  officer  is  familial*  with  all 

1-  A.  A.  8.,  VOL.  XXXI.  2 
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the  ordinary  minerals.  Thanks  to  the  training  of  our  schools  of 
science,  an  improvement  in  this  respect  is  already  noticeable,  as 
is  shown  in  the  discoveries  made  in  the  mines  of  our  Western 
States  and  Territories  during  the  past  few  years. 

While  the  service  done  for  mineralogy  by  our  geological  surveys 
is  gratetblly  acknowledged,  we  feel  we  have  a  right  to  demand 
much  more  from  them  in  the  fhture.  Mineralogy  has  been  too 
largely  looked  upon  as  a  guide  to  the  discovery  of  useful  ores  and 
minerals  and  not  as  a  matter  for  scientific  study ;  fortunately  dar- 
ing the  past  decade  the  discoveries  in  optical  mineralogy,  and 
their  importance  in  the  determination  of  the  constituent  minerals 
of  the  crystalline  rocks,  have  led  many  geologists  to  again 
recognize  the  desirability  of  a  knowledge  of  our  science.  Much 
will  be  accomplished  if  those  in  charge  of  geological  surveys  will 
direct  competent  persons  to  make  observations,  not  only  on  the 
main  mineral  constituents  of  rocks  but  also  on  the  manner  of 
occuiTcnce  of  individual  minerals.  The  careful  inspection  of 
quaiTies  and  mines  is  greatly  to  be  desired.  These  are  rich 
sources  for  minerals ;  but  unless  constant  watchfulness  is  exercised, 
valuable  material  for  science  is  in  danger  of  being  buried  out  of 
sight. 

It  is  too  true  that  many  of  the  most  interesting  discoveries 
already  recorded  seem  to  have  been  due  more  to  the  result  of 
fortunate  accident  than  of  systematic  and  intelligent  exploration. 
K  our  trained  mineralogists,  instead  of  devoting  most  of  their 
attention  to  the  examination  of  specimens  in  cabinets  collected 
by  others,  would  give  more  time  to  personal  observation  in  the 
field  in  the  study  of  the  order  and  manner  of  occurrence  of  min- 
eral species  in  place,  our  knowledge  would  doubtless  be  greatly 
promoted.  Again,  if  our  wealthy  amateurs  could  be  induced  to 
spend  their  money  as  freely  in  the  exploration  of  promising 
American  localities  as  in  the  importation  of  costly  European 
specimens,  we  might  hope  for  many  important  discoveries,  and 
they  could  have  the  satisfaction  not  only  of  gaining  novelties  for 
their  collections,  but  incidentally  they  would  do  much  to  foster 
science. 

In  order  to  keep  pace  with  the  progress  of  the  science,  we  need 
many  more  workers  who  will  devote  themselves  especially  to  min- 
eralogical  research,  and  we  need  more  of  the  spirit  of  the  early 
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worken.    It  is  my  belief  that  the  number  of  persons  at  present 
Interested  in  the  stady  here,  either  as  amateurs  or  investigators,  is 
relatively  less  than  in  1825.     The  mineralogy  of  to-day  is  a  very 
different  subject  from  the  mineralogj'  of  the  commencement  of  the 
period  over  which  we  have  so  hastily  glanced.    Then  the  study  of 
minerals  was  confined  almost  exclusively  to  their  external  charac- 
ters.   Led  by  Werner^  and  reinforced  by  his  most  gifted  pupil 
Mohs,  the  majority  of  mineralogists  claimed  mineralogy  to  be  a 
porely  natural  history  science.     They  gave  their  attention,  as  has 
been  well  said,  entirely  to  ^^  how  the  mineral  looked j**  and  not  at  all 
to  ^^what  it  voasJ*    On  the  other  hand  the  development  of  analyti- 
cal chemistry  by  the  labors  of  Klaproth  and  Berzelius  led  many 
to  take  up  mineralogy  from  a  purely  chemical  standpoint.     These 
two  schools  working  independently  brought  great  confusion  into 
the  science.     The  discoveries  of  Haiiy  in  crystallography,  and  es- 
pecially his  labors  in  establishing  a  mathematical  foundation  for 
the  geometrical  form  of  crystals,  and  the  recognition  that  the  con- 
stancy of  form  depended  on  the  constancy  of  the  ^Mntegrant  mol- 
ecule,'' were  steps  which  paved  the  way  for  modern  mineralogy. 
In  this  a  anion  of  all  the  physical,  geometrical  and  chemical  prop- 
erties is  required  in  order  to  determine  the  true  character  of  a 
mineral. 

Further,  we  are  called  upon  to  investigate  the  history  of  its 
origin,  its  relation  to  associated  species,  the  changes  which  it 
nndergoes,  and  the  causes  and  results  of  those  changes.  Here 
we  have  to  do  largely  with  both  geology  and  chemistry.  From 
this  it  becomes  evident  that  a  much  broader  foundation  is  now 
required  for  the  mineralogist  than  in  the  early  days  of  the 
century.  The  bearing  of  physics,  geology  and  chemistry  in  the 
study  of  the  mineral  kingdom  must  be  thoroughly  recognized  and 
appreciated  by  every  investigator  who  desires  to  contribute  to 
farther  progress.  No  mineralogist  can  expect  to  have  a  profound 
knowledge  in  all  these  directions,  but  he  must  be  at  least  capable 
of  intelligently  applying  to  his  subject  the  results  obtained  by 
experts   in  these  sciences^      Mineralogy  is   deeply  indebted   to 

**  Werner,  although  using  physical  characters  In  tho  main,  and  entirely  in  the  deter- 
BlDation  of  mineralB,  recognized  chemistry  in  an*anging  minerals  in  families  or  groups, 
but  Mohs,  Jameson  and  others  founded  their  systems  "  totally  independent  of  any  aid 
fiom  chemistry ."   (Preface,  Jameson's  MiMTalogy,  Sd  ed.,  Vol.  I,  p.  iii.) 
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special  investigators  in  all  these  departments.  Without  their  co- 
operation it  would  have  been  impossible  to  discover  the  relations 
of  form  and  other  physical  characters  with  that  fundamental 
arrangement  of  molecules  whose  nature  it  is  now  admitted  con- 
trols all  the  properties  of  a  substance. 

The  study  of  natural  crystals  has  yielded  rich  material  for  the 
physicist.  In  the  department  of  optics  it  has  given  results  from 
which  many  fundamental  laws  have  been  deduced;  and  natural 
crystals,  too,  have  furnished,  in  many  cases,  the  very  apparatus 
which  made  investigations  possible.  Some  chemists  claim  that 
mineralogy  is  not  at  all  a  science  by  itself,  and  constitutes  only  a 
small  part  of  inorganic  chemistry.  It  can  be  unquestionably  con- 
ceded that  a  knowledge  of  chemistiy  is  fundamental,  and  in  con- 
sequence this  claim  has  a  certain  plausibility.  On  the  other  hand, 
we  contend  that  it  was  largely  the  labors  of  the  mineralogists  on 
the  physical  characters  of  minerals,  and  especially  their  demon- 
stration of  the  relation  of  form  to  chemical  composition  which  fi- 
nally awakened  chemists  to  a  more  profound  study  of  their  own 
subject.  The  law  of  isomorphism  was  discovered  by  a  chemist, 
whose  training  as  an  expert  crystallographer  in  the  examination 
of  natural  crystals  made  it  possible  for  him  to  recognize  the  won- 
derful relation  of  form  to  composition.  Dimorphism  was  first 
established  from  observations  made  on  minerals,  and  it  is  in  the 
study  of  the  mineral  kingdom  that  the  laws  of  isomorphism  and 
dimorphism  find  abundant  demonstration.  From  the  further  in- 
vestigation of  the  chemical  nature  of  minerals  we  may  hope  for 
new  light  on  the  molecular  constitution  of  substances  which  as  yet 
the  chemist  has  been  unable  to  reproduce.  We  have  already 
indicated  the  interdependence  of  geology  and  mineralogy.  May 
we  not  claim  the  same  interdependence  of  mineralogy,  physics 
and  chemistry,  letting  each  go  on  in  its  own  sphere,  contributing 
to  the  general  progi*ess,  sure  that  every  new  fact  observed  and 
every  new  law  discovered  will  be  for  the  common  advancement  of 
all? 
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APPENDIX. 


L%9t^  of  Names  given  to  Minerals  from  the    Vn 
Slates  and   Canada^  for  the  most  part  described 

as  Jfew  Species. 


AcadSalite  (—  Acadiolite,  T.  Thomson)  .  F.  Alger  and  C  T.  Jackson. 

AdamstU C.  U.  ifhepard. 

Aglaite A.  A.  Julien. 

Alaskmite G.  A.  ESnig. 

Albertite C.  Bobh. 

Algerite       T.  8.  Hunt. 

AmbToeine C.  U.  Bhipard. 

Ameslte       C.  U.  Shspard. 

Animlldte B.  Wurtz. 

Aimita J.  D.  Dawu 

Aothophjlllte,  hydrous T.  ThotMon. 

Apatold  (m)** C.  U.  Bh^^rd. 

Aquacreptlte C.  U.  Bhspard. 

Angotite F.E.  Durand. 

Aifcansite C.  27.  Shepard. 

Baltimorlte T.  Thomson. 

Btrnhftidite F.  A.  Otnth. 

Barytocelestlte  (■«  baiyto  sulphate  of   •  T.  Thomson. 

stnmtia         

Betnmontlte A.  Lhy. 

Begeerite Q.  A.  EXmig. 

Bemhardinite       J.  M.  StUlman. 

Btsmnthaorlte C.  U.  Shepard. 

Blsckmorlte A.  C.  FeaU. 

Bolionite C.  U.  Shepard. 

Bowenlte J.  D.  Dana. 

Braciie  (—  Katlve  Magnesia,  Bruce)      .  F.  8.  Beudant. 

*11ils  list  to  compllod  almost  entirely  ttom  the  F^lh  tdMon  tf  Dmafs  MktertOoffp, 
emd  Jppemdiees  J»IIIto  tkt  mme  work,  in  which  will  be  foand  referenoee  as  to  where 
these  nUnento  were  originally  described,  as  also  any  ftirther  fhcto  published  In  regard 
to  them,  and  their  present  position  in  the  science. 

**  (n)  ligalllM  that  the  sabstanoe  was  found  in  a  meteorite. 
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Bniclte  (Chondrodite) Q.  Oibbn. 

Byerite J.  W,  MalleL 

Bjtownlte T.  ITUnMou. 

Calaverite F.  A.  OerUh. 

Calcimanglte C  CT.  Shepard. 

Calcozincite O.  U.  Shepard. 

Calstronbarlte CD.  Shtpard. 

Calyptolite C.  U.  Shepard. 

Campbellite  (m) St.  Meunier. 

Canaanite S.  L.  Dana. 

Cantonite N.  A.  PraU. 

Carrollite     .    , W.  L.  Fdber. 

Cassinlte /.  Lea. 

CatUnlte C.  T.  Jackson. 

Oelestiallte  (m) J>  L.  Smith. 

Celestite  (=■  schwefelsanrer  Strontlanit 

aus  PennsylvaDlen,  Klaproth,  1797)  •  A.  G.  Werner. 

Centrallaslte ff.  Hou>. 

Cerinite       H.  Bow. 

Ghalcodlte C.  U.  Shepard. 

Chalcophanite G.  S.  Moore. 

Chathamite C.  U.  Shepard. 

Chelmsfordite J,  F.  and  S.  L.  Dana, 

Cberokine C.  U.  Shepard. 

Chesterllte       T.  F.  Seal. 

Chiltonlte K  Emmons. 

Chladnlte  (m)       O.  V.  Shepard. 

Chlorastrolite C.  T.  Jackson  tokd  J.  D.WhUney. 

Chlorophyllite C.  T.  Jackson. 

Chromcblorite B.  Hermann. 

Chrysophano  (»  Seybertite)     .    .    .    .  A.  Breilhaupt. 

Cleavelandite H.  J.  Brooke. 

Clelophane       T.  NuttaU. 

Clingmanlte B.  SiUimant  Jr. 

Clinochlore FT.  P.  Blake. 

Clintonlte  (»  Seybertite) W.  W.  Mather. 

Coloradolte FA.  Genth. 

Colombite    (»    ore  of  Ck>liimblan,  O. 

Hatchett,  1802) B.  Jameson. 

Cookelte G.  J.  Brush. 

Ck>pperasine C.  U.  Shtpard. 

Coracite J.  L.  LeConte. 

CorandelUte B.  Silliman,  Jr. 

Corandophilite C.  U.  Shepard. 

Cryophyllite J.  P.  Cooke. 

Cryptomorphite H.  How. 
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Cnlsageelte tZ*.  P.  Cooke. 

CnmiiiiogtoDite  (»>  Horablende)    .    .    .  C  Dewey. 
CiuniDiD|:tonlte  (»  Bbodonlte)      .    .    ,  C.  F.  BammeUberg. 

Coproscheelite i/l  2>.  Whitney. 

CyanoUte J7.  How. 

CymatoUte  (t  Cumatolite) C.  U.  Shepard. 

Cynolite W.J.  KnoiwUon. 

Daoalle •    .    •  A.  A»  Hayes. 

Daoalite J.  P.  Cooke. 

Daobnrite C.  TJ.  Shepard. 

DanbrMite  (m) J.  L.  SmUh. 

DawBonite  •    • B.J.  Harrinffton. 

Ddawarite       I.  Lea. 

DewejUte JS.  Emmons. 

Biabantite O.W.  Howes. 

DickioBonite G.J.  Brush  and  X.  8.  JkuMU 

DlmagneUte C.  U.  Shepard. 

Docktownlte .  C.  U.  Shepard. 

Dadleyite F.  A.  Oenth. 

DTsyntribite C.  U.  Shepard. 

I^lolte W.  H.  KeaUng. 

DTaanite F.v.  KobeU. 

Edenite F.  F.  Olocker. 

£dwaid8ite C.  U.  Shepard. 

Emerald  Nickel B.8aiiman,Jr. 

Emerite C.  U.  Shepard. 

Emmonite T.  Thomson. 

Eoceladite  (—  Warwlcklte,  eOk^pard)     .  T.  8.  Hunt. 

Sosphorite       G.J.  Brush  and  F.  S.  Dana. 

Eremite C.  U.  Shepard. 

EriUte H.  C.  Lewis. 

Erasibite C.  U.  Shepard. 

Erythrlte T.  Thomson. 

EocfaloTlte C.  U.  Shepard. 

EnciypUte G.J.  Brush  and  F.  8.  Dana. 

Eomaoite C.  U.  Shepard. 

Eaphyllite B.  SUliman,  Jr. 

Eopjrchioite   .    • F.  Fmmons. 

Fairfieldite       G.J.  Brush  and  F.  8.  Dana. 

EerroUmenite       B.  Hermann. 

FerroteUnrite F.  A.  Genth. 

Eerrotitanlte  (a-  Schorlomite)       .    .    .  J.  D.  Whitney. 

EUlowite G.J.  Brush  and  F.  8.  Dana. 

Eowlerite C.  U.  Shepard. 

Fnmkllnite P.  BeHhier. 


23 


24  ADDRESS  BT 

Genthite  (  a  Nlckel-gymnite,  Genth)      ,  J,  2>.  Dana. 

Oibbslte J.  Torrey. 

GlossecoUite C*  U.  Shepard, 

Goshenite C.  U.  Shepard. 

Grahamite H,  Wurtz. 

Ganoisonite F.  W.  Clarke  and  N.  W.  JPwn 

Qymnite T.  ThofMon. 

Haddamite C.  U.  Shepard, 

Hallite A.  B.  Luds. 

Harrisite C.  U.  Shepard. 

Hatchettolite J.  L.  Smith. 

llaydenite P.  Cleaveland. 

Hebronite F,  v.  KobelL 

Henrylte F.  M.  Endlich. 

Uermannite A.  Kenngott. 

Hermannolite C.  U.  Shepard. 

Hetsrolite G.  E,  Moore* 

HexagODite E.  Goldwiith. 

HlddeDlte J.  L.  SmUh. 

Hitchcockite C.  U.  Shepard. 

Holmesite  (a  Holmite) 

Holmite  (ea  Seybertite) T.  Thomson. 

Hortonite  (a  altered  pyroxene).   •    .    . 

HortonoUte Q.  J.  Brush. 

Honghite O.  U.  Shepard. 

Howllte J.  D.  Dana. 

Hadsonite '  .  X.  (7.  Beck. 

Haebnerite       E.  BioUe. 

Huntilite ff.  Wurtg. 

Huronite T.  Thomson. 

Hydrocaprlte F.  A.  Genth. 

Hydrofranklinlte W.  T.  Boeppw. 

Hydromagnesite  (pulvernlent  mineral  fh>m 

Hoboken,  N.  J.,  »  magnesla-alba,  T. 

WachUmeister) F.v.  Kobell. 

Hydro niccite C.  U.  Shepard. 

Hydronickelmagnesite C.  V.  Shepard. 

Hydrotitanite G.  A.  E6nig. 

Ilesite A.  F.  Wuensch. 

Indianaite ^  E.  T.  Cox. 

lodollte  (m)     .    ; C.  U.  Shepard. 

lonite S.  Pumell. 

Jacksonite  (=  Anhydrous  Prehnite)       .  J.  D.  Whitney. 
Jefferlsite G.J.  Brush. 
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Jeflteraonlte Z.  Vanuxem  and  W>  B.  Keating. 

Jenkinsite C.  U.  Shepard. 

Keatingine C.  U.  Shepard. 

Kerrite F.  A.  Qenth. 

Rfistelite A.  Breithaupi. 

Labradorite  (a  Labradoratein,  Wtmmr)  J.  C.  DelanUtherie. 

Lancasterlte B.  Sillimanf  Jr. 

Latrobite H,  J.  Brooke. 

Lawrencaite  (m)       A.  Dauhrie. 

Ledererite C.  T,  Jackeon. 

Ledeiite C.  U.  Shepard. 

Leidyite a.  A.  Ednig. 

Leonilite /.  Lea. 

Lensilite  (wrong  orthography  for  Len- 

nilite)  .    .    .  ' A.  Sehrattf. 

Lealeylte /.  Lea. 

Leocanterlte C.  U.  Shepard. 

Leucaogite       J.  D.  Dana. 

Linoolnlte S.  Hitchcock. 

Lintonlte S.  F.  Peckham  and  C.  W.  SalU 

UoDite T.  Berdell. 

Lithlophillte G.J.  Brush  and  E.  S.  Dana. 

Loganlta T.  S.  Hunt. 

Looiaite       D.  Honeymann. 

Lozodase A.  Breithat^ 

Lockita A.  Camot. 

Maconito F.  A.  Genth. 

HacfiarlaDite A.  H.  Sibley. 

Kadarite  (»  Chondrodite) H.  SeybeH. 

Uadarite  (»■  i^^roxene) T.  Nuttdll. 

Magnesia,  natlye  («■  Bmcite,  Beudant)  A.  Bruce. 

Magnollte F.A.  Genth. 

Mallardite A.  Camot. 

Mangan-amphlbole B.  Hermann. 

Manganese ,  ferro-sillcate, T.  Thomson. 

Manganese,  seaqai-sUlcate  (•■  Dyssnite, 

V.  Hobell) T.  Thomson. 

Maraamolite C.  U.  Shepard. 

Marcylite C.  U.  Shepard. 

Marionite W.  Elderhorst. 

Mariposite B.  Sillimanf  Jr. 

MannoUte T.  NuUall. 

Masonite C.  T.  Jackson. 

Melaoonite J.  D.  Dana. 
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Melan-Asphalt  («>  Albertite,  Bobb)    .    .CM.  Wethertll. 

Melanolite H.  WurUf. 

Melanoslderite J,  P.  Cooke. 

Metacinnabarite Q,  S.  Moore. 

Microlite C,  U.  Shepard. 

Molybdate  of  Iron D,  D.  Owen. 

HonroUte B.  Silliman,  Jr. 

Montanite F.  A.  Oenth. 

MoroDolite       C.  U.  Shepard. 

MuUlcite T.  Thomson. 

Kacrite  (»  Muscovite) T.  Thomson. 

Necronlte H.  H.  Sayden. 

Nemalite T.  Nuttall. 

NearoUte T.  Thomson. 

Newportite J.  O.  ToUen, 

Nlccochromite C.  U.  Shep€trd. 

Nlckel-gymnite  (■■  Genthite,  Dana)       .  F.  A.  Qenth. 

Nickel  vitriol T.  S.  Hunt. 

KiittalUte M.  J.  Brooke. 

Ontariolite C.  U.  Shepard. 

Owenlte       J^.  ^.  Chnih. 

Ozarklte C.  U.  Shepard' 

Paracolumblte C.  U.  Shepard. 

Farailmenlte C.  U.  SJi^^ard. 

Parathorite C.  U.  Shepard. 

Parophlte T.  S.  HunL 

Pattersonlte 7.  Lea. 

Paulita A.  &.  Werner. 

Peckhamite  (m) J.  L.  Smith. 

Pelhamine C.  U.  Shepard. 

Pennlte B.  Hermann. 

Perlsterite T.  Thomson. 

Perthite       ..    ^    ........  T.  Thomson. 

Philadclpbite M.  C.  Leuds. 

Phlogopite A.  BreitJiaupt. 

Phospharanylite F.  A.  Cfenth. 

Phylllte T.  Thomson. 

PhytocoUite M.  C.  Lewis. 

Polyadelphite       T.  Thomson. 

Polyllte T.  Thomson. 

Prehnite,  anhydrous, J.  D.  Whitney. 

Priceite B.  Silliman,  Jr. 

Protovermicalite      ........  G.  A.  Konig. 

Psittaclnite F.  A.  Qenth. 
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ilaae C  IT.  Skepard, 

Pyropbosphorlte       C.  U.  Shepard,  Jr. 

Rahtlte a  V.  SheparcL 

RmndlM G,  A.  Kdnig. 

Rapbllite T.  Thomson. 

Bastolyte C.  U.  Shepard. 

Reddingite       Q.J.  Brush  and  E.  S.  Dana. 

RemiogtODtte J.  C.  Booth. 

RensseUgrite S.  Emmons. 

Betlnalite T.  Thomson. 

Bfaodopbyllito F.  A.  Qenth. 

KirhmoiKtite A.  KenngoU. 

Bceppeiite  (=»  iron-manganese  chrysolite, 

BoBpper,  8*  Stirlinglte,  KenngoU)     .  O.  J.  Brush. 
ScBpperite  (»•  iron-manganese  dolomite)  A.  KenngoU. 

Hogersite J.  L.  Smith. 

BoscoeUte J.  Blake. 

Batherfordite C.  U.  Shepard. 

Scblrmeilte F.  M.  EncUieh. 

Schirmerlte F.  A.  Qenth. 

Schoharite A.  Eaton. 

Schorlomite C.  U.  Shqftard. 

Scbreibersite  (m) C.  U.  Shepard. 

Seybertite T.  G.  Clemson. 

Sbepardite    (»   Sctireibersite,  Shepard) 

(m) .  W.  Haidinger. 

Slderophylllte H.  C.  Lewis. 

SUicoborocalcite  (a  Howlite,  Dana)      •  H.  How. 

Sillimanite .  Q.  T.  Bowen. 

SIpylite J.  W.  Mallet. 

Somervillite A.  Dufrhtoy. 

Sonomaite E.  Goldsmith. 

Spartaite A.  BreUhaupt. 

Spartalite  (»  Zincite) H.  J.  Brooke  and  W.  H.  MfUer. 

Steeleite ff,  ffow. 

Stellite T.  Thomson. 

Sterlingito J.  P.  Cooke. 

Sterlinglte  (a.  Zincite) F.  Alger. 

Stlbloferrite E.  Goldsmith. 

8iirilnglte  (=>  Bospperite,  Brush)      .    .  A.  KenngoU. 
8o8Bexite G.J.  Brush. 

Talkefsenerz A.  BreUhaupt. 

Telaspyrine      . C.  U.  Shepard. 

TeUnrfoismath      .    .' D.  M,  Balch. 
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Tcphroite A.  Breithaupt. 

Terenite JS.  Emmotu, 

Texasite  (»  Emerald  Nickel)    ....  A  KenngoU. 

Thallte D.  D.  Oioen. 

Tbinolite C.  King. 

Tincalconite C.  U>  Sh^pard, 

Torrelite T.  Thommm. 

Trautwlnite E.  Ooldsmith. 

Triplaldlte G.J.  Brush  and  E.  S.  Dana. 

Troostite C.  U.  Shepard. 

Tnngstic  Ochre B.  SUliman. 

Tysonite 0.  D.  Allen  and  W.  J.  Conutock. 

Unionite B.  SiUiman^  Jr. 

Uranothorite P.  Collier. 

Vanuxemite C.  U.  Shepard. 

Venerito T.  8.  Hunt. 

Vermicalltc T.  H.  Wel>b. 

Yermontite A.  Breithavpt. 

Warwicklte C.  U.  Sh^mrd. 

WashiDgtonlte C.  U.  Shqpard. 

Wheelerite 0.  Loew. 

Whitneylte F.  A.  Genth. 

Willcoxite F.A.  Genih. 

WiUiamsite O.  U.  Shepard. 

Wilsonlte T.  S.  Munt. 

Xanthltane C.  U.  Shepard. 

Xanthite T.  Thomson* 

Youngite  (a.  Hornblende) 

Zaratite  (-« Emerald  Nickel)     .    .    .    .  A.  Caeareu. 
Zincite  (a  red  oxide  of  zinc,  A.  Bruce)  W.  Haidinger. 

Zinc,  sillcions  oxide, L.  Vanuxem  and  W.  H.  KeaUng. 

Zircarbite C.  U.  Sh^^rd. 

Zonocblorite    ; A.  S.  Foote. 
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C  ne  AddroM  of  the  retiring  President,  dellTered  before  the  Mootreal  Meeting  of  the 
American  Association  for  the  AdTsnoement  of  Science,  1857.^] 
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GZKTLBMBM   OV  THE  AMERICAN  AbSOCIATIOK  FOB    THE    AdYAKGB- 

MEHT  OF  Science  : 

One  who  accepts  a  trast  has  no  right  to  make  excuses  for  not 
fhlfilling  its  obligations ;  and  yet  I  would  willingly  excuse  myself 
from  the  performance  of  this  last  act  of  the  retiring  President. 

With  imperative  duties  enough  to  occupy  every  hour  of  my 
time,  I  cannot  do  Justice  to  you,  gentlemen,  or  to  your  kind  par- 
tiality in  assigning  to  me  this  position.  Circumstances  beyond 
my  control  have  placed  it  out  of  my  power  to  make  the  preparation 
which  was  due  to  the  occasion. 

Yoa  have  so  often  been  reminded  of  the  high  objects  and  pur- 
poses which  bring  us  annually  together,  that  I  need  not  repeat  this 
now.  It  is  the  one  great  social  and  scientific  festival  of  the  man 
of  science  throughout  the  year,  of  all  others,  the  most  desired :  — 
to  the  tired  and  lonely  worker,  who  is  endeavoring  to  add  new 
tmths  to  our  stock  of  knowledge,  or  to  elucidate  more  clearly 
what  we  bat  partially  know ;  to  the  teacher  of  science  who  has 

^It  is  only  proper  fbr  the  antbor  to  say  that  dnring  this  long  Interral  he  has  taken 
BO  opportunity  of  reylsing  the  original  mannscript  of  his  address,  which  he  had  long 
hoped  to  be  able  to  accomplish.  It  has  been  copied  without  any  saperTlsion  by  him 
or  say  changes  suggested  by  hhn.  It  has  been  his  desire  to  present  the  address  as  then 
gtren,  and  to  make  any  desired  changes  or  explanations  by  supplementary  noies.  A 
liBvehaoges  In  proof  correction,  in  order  to  render  some  points  more  clear,  or  to  avoid 
np«CiUon  are  all  that  have  been  done.  None  of  the  impoitant  additions  to  our 
ksowledge  of  the  subjects  discussed,  dnring  the  past  quarter  or  a  century,  Aave  been 
€Uherditeetly  or  indirectiy  referred  to  or  incorporated  in  the  address. 

Tlie  address  is  snbmllted  to  the  scientiflo  public  as  an  expression  of  tbe  views  and 
•pioioBS  entertained  by  the  writer  at  that  period. 

(29) 
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been  A*eed  from  his  daily  roatine  of  duties ; —  this  occasion  is  one 
of  many  pleasant  anticipations.  We  all  meet  as  one  brotherhood, 
as  the  children  of  one  Parent  under  whose  government  we  delight 
to  live,  and  whose  laws,  impressed  upon  ourdelves  and  upon  every- 
thing around  us,  we  would  better  understand.  We  come  together 
for  mutual  counsel  and  mutual  aid  for  the  true  interpretation  of 
these  laws  respecting  our  relation  to  the  animate  and  inanimate 
world  around  us,  and  our  relations  to  the  Great  Author  of  the 
whole. 

On  every  recurring  occasion  of  our  meeting  it  is  a  subject  of 
congratulation ;  and  more  particularly  for  those  who  can  so  well 
remember  when  the  year  wore  on  without  those  pleasant  antici- 
pations of  a  reunion  with  sympathi^sing  friends  and  colaborers  in 
science.  But  this  occasion,  more  than  all  others,  gives  cause  for 
congratulation,  —  cause  even  to  excite  enthusiasm,  that  true  to 
the  enlightened  views  we  profess,  and  time  to  the  instincts  of  an 
unprejudiced  scientific  spirit,  we  have  forgotten  political  and  civil 
limits,  have  forgotten  the  names  of  governments  and  countries,  and 
with  cosmopolitan  spirit  we  meet  beneath  the  legis  of  Her  Bri- 
tannic Majesty,  Queen  Victoria,  though  still  upon  the  American 
Continent ;  and  now  may  we  more  fully  claim  the  right  to  the  title 
of  the  American  Association  for  the  Advancement  of  Science. 

I  might,  were  it  the  proper  occasion,  go  on  to  say,  in  how  far 
the  establishment  of  telegraph  wires,  railroad  lines  and  various 
social  and  commercial  relations  have  tended  to  bring  about  this 
meeting  in  Canada;  but  scientific  sympathies  have  done  more; 
and  I  cannot  help  thinking  too,  that  the  discovery  of  another  fact, 
that  the  rocks  are  of  the  same  age  and  the  saipe  character  in  Can- 
ada as  in  the  adjoining  territory,  has,  in  a  manner  served  to  as- 
similate the  living  inhabitants  of  this  wide  country,  by  showing 
most  conclusively  that  the  ancient  inhabitants  of  this  continent 
were  of  one  nation  and  one  government,  and  indeed  are  \iere  to- 
day with  us,  if  not  to  discuss,  at  least  to  furnish  subjects  of  dis- 
cussion, and  who  will  maintain  their  ground  notwithstanding 
geological  systems  and  system  makers.  Nor  should  it  be  forgotten 
that  the  geologist  of  Canada,  with  that  noble  and  uqselQsh  spirit 
which  characterizes  the  true  man,  and  the  man  of  real  science,  has 
adopted  a  nomenclature  already  framed  for  an  adjoining  State ; 
for  although  directing  the  investigations  over  an  area  six  times  as 
large  as  New  York,  he  saw  nothing  in  the  prolongations  of  the 
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beds  that  ooald  indaoe  him  to  change  the  name  of  rocks 
already  well  determined.  With  this  immense  area  Sir  William 
Logan  had  a  right  to  establish  his  own  nomenclature ;  but  in  true 
scientific  magnanimity,  which  affects  no  local  nomenclature,  Canada 
has  been  added  to  New  York  and  the  West,  that  over  our  common 
ooontry  may  extend  a  unity  of  scientific  language. 

Bat  from  the  present,  which  brings  only  delightful  associations, 
shall  we  not  turn  one  moment  to  the  past,  and  to  the  memories  of 
the  departed  ?  The  last  year  has  been  a  sad  one  for  our  little  band 
of  workers  in  science.  Never  has  a  year  before  cut  down  so  many 
true  and  tried  ones  from  amongst  us.  The  names  of  Redfield, 
Tuomey,  Mitchell  and  Bailey,  need  but  be  mentioned  to  find  a 
moomfbl  response  in  the  heart  of  every  one  who  knew  them.^ 


Oar  association,  composed  as  it  is  of  laborers  in  every  depart- 
ment of  science,  has  perhaps  a  right  to  expect  that  the  retiring 
President  should  embrace  in  his  discourse  a  view  of  the  progress 
of  science  in  America  for  the  past  year.  But  even  if  the  investi- 
gator in  one  science  were  able  to  present  such  a  view,  I  do  not 
believe  that  the  time  allotted  for  our  annual  address  is  sufficient 
for  soch  a  retrospect. 

For  one  who  is  in  constant  intercourse  with  the  mute  and  inani- 
mate existences  of  former  creations,  there  is  little  hope  that  he 
can  offer  a  language  that  shall  be  acceptable  to  the  living,  or  that 
his  subjects  shall  interest  others  than  those  who  are  themselves 
engaged  in* the  same  pursuits ;  and  yet,  gentlemen,  in  my  poverty', 
I  have  nothing  else  to  offer  you  than  the  results  which  flow  from 
geological  and  palaBontological  investigations  during  the  past  few 
years,  and  to  offer  collaterally  some  Contributions  to  the  Geological 
History  of  the  North  Amerioan  Continent. 

While  I  would  claim  for  no  science  a  preeminence,  I  must  here 
protest  against  that  narrow  view  which  has  been  expressed  by 
some,  that  Natural  History  is  not  a  science,  and  who  perhaps  be- 
lieve that  mathematical  formula  lie  at  the  basis  of  all  sciences 
and  that  these  must  be  used  in  all  their  minutise  to  reach  any  val- 
uable result.     But  let  us  inquire  whether,  after  all,  natural  science 

*11ie  long  ioterral  of  time  which  has  elapsed  renders  it  nndesimble  to  repeat  her« 
vhitiauMdiataly  IbUows  concloding  the  iDtrodnctory  portion  of  Uie  address. 


82  GEOLOGICAL   BISTORT   OF  THE   AMERICAN   CONTINENT; 

as  it  is  termed  by  way  of  distinction  (one  might  suppose  to  dis- 
tinguish it  fh>m  artificicU  science)  be  not  truly  a  mathematical  sci- 
ence. Every  object  in  nature  is  a  mathematical  figure  of  some 
sort,  and  its  form  and  proportions  may  be  expressed  in  mathe- 
matical formulse. 

Let  us  take  one  of  those  little  bodies  known  as  crinoids,  which 
are  of  various  spheroidal  or  ovoid  shapes.  They  are  made  up  of 
plates  of  various  forms,  three,  five  or  seven  sided,  with  sides  of 
various  length  and  angles  as  various.  More  than  this,  these  plates 
are  not  plane  surfaces,  and  their  curvature  has  such  relation  to 
the  sides  and  angles,  and  to  the  form  of  the  whole  body,  that 
when  put  together  they  shall  produce  Just  that  form  and  no  other. 
And  now  will  you  tell  me  by  what  processes  a  mathematician  will 
set  about  calculating  the  length  of  the  sides,  the  proportions  of 
angles  and  the  requisite  curvature  of  each  of  these  plates?  Long 
before  the  mathematician  could  arrange  his  formulse,  the  naturalist 
has  instinctively  measured  all,  and  has  reconstructed  the  body  as 
unerringly  as  the  motion  of  light. 

Bpt  then  you  will  ask  me,  perhaps,  what  is  the  use  of  all  this? 
J  will  tell  you  of  a  use  for  it.  When,  like  the  navigator  at  sea, 
the  naturalist  may  be  wandering  many  hundreds  of  miles  away 
from  any  fixed  point  in  the  geological  horizon  or  geological  se- 
quence, he  may  meet  with  some  dismembered  plates  of  one  of 
these  bodies  in  the  rock  upon  which  he  stands — no  mathematical 
calculations,  no  astronomical  observations  or  chemical  analysis, 
will  serve  to  determine  the  geological  latitude  and  longitude.  The 
density  of  the  mass  fails  you,  its  chemical  compositign  will  not 
aid  you,  and  you  are  thrown  back  upon  the  few  poor  pentagonal, 
hexagonal  or  heptagonal  plates  of  a  little  insignificant  body  by 
which  to  determine  the  place.  Do  you  measure  the  sides  and 
angles  and  sit  down  to  work  out  the  formula  with  your  known  and 
your  unknown  quantities  represented  by  initial  characters?  I^o! 
The  naturalist  instinctively,  with  mathematical  exactness,  sees  the 
elements  of  the  problem,  and  the  result  itself  stands  revealed  be^ 
fore  him.  All  that  every  other  science  has  failed  to  do  is  here 
accomplished. 

I  might  even  occupy  the  entire  time  of  this  address  in  explain- 
ing the  beautiful  and  curious  structures  of  the  crinoids.  In  some 
periods  of  geological  history  they  are,  so  far  as  known,  few,  and 
their  mode  of  construction  is  in  each  type  very  distinct,  and  every 
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plate  is  recognizable  not  only  as  referrible  to  the  species,  but  to  its 
place  in  the  bod}^ 

In  later  periods  of  the  palaeozoic  era  there  are  great  numbers  of 
species  constructed  upon  the  same  general  plan,  the  same  num- 
ber and  form  of  plates  at  the  base,  and  in  the  first,  second  and 
third  series  or  ranges  of  plates  of  the  body ;  and  although 
showing  distinctions  in  the  different  species,  they  are  not  so 
strongly  marked  because  of  the  great  number  of  individuals  con- 
siracted  npon  the  same  general  plan.  But  as  if  in  order  to  indi- 
Tiduaiize  themselves,  and  to  overcome  the  want  of  character  arising 
from  similarity  in  basal  structure,  they  have  adopted  another  mode 
of  distinction  which  is  equally  dependent  on  mathematical  principles. 
The  bodies  are  surrounded  near  the  summit  by  arms,  and  there  is 
a  bilateral  aiTangement  so  that  when  viewed  from  one  side  which 
is  called  the  oral  side,  the  two  halves  correspond.  Now  on  each 
side  of  this  dividing  line  you  will  find  the  arms  originating  in  one 
instance  in  pairs  or  double,  and  this  prevails  throughout,  and  you 
have  ten  arms  in  five  pairs,  et  cetera.  The  first  deviation  from 
this  is  a  group  of  three  arms  on  each  side  of  the  ovarian  aperture, 
while  all  the  others  are  in  pairs.  Again  3'ou  have  groups  of  four 
on  either  side  of  the  ovarian  aperture,  and  groups  of  four  in  double 
pairs  throughout  the  circumference.  They  present  every  possible 
combination  of  the  numbers  2,  3,  4  and  5,  in  this  manner  individ- 
ualizing themselves  where  the  type  is  multiplied  in  species ;  and 
these  are  among  the  lowest  forms  which  engage  the  attention  of 
the  palaeontologist. 

Without  showing  how,  at  every  step  fix>m  the  lowest  coral  cell 
to  the  higher  forms  of  life,  the  naturalist  becomes  the  mathema- 
tician, it  will  be  enough  to  mention  to  you  the  achievement  of  a  nat- 
uralist (whose  name  I  need  not  repeat  here)  in  the  conception  and 
prodaction  of  the  outline  of  a  fish  from  a  single  scale, — the  so- 
lution of  a  problem  upon  purely  mathematical  principles  aided  by 
a  profound  knowledge  of  structural  development. 

Could  the  physicist  have  ever  determined  the  original  areas  of 
land  and  water  upon  the  face  of  the  globe  during  former  geologic 
periods,  or  have  proved  that  the  sea,  once  spread  over  continental 
areas,  was  always  shallow  during  many  successive  creations  ? 

Even  when  we  had  determined  that  our  continent  was  outspread 
with  the  sediments  of  a  former  ocean,  could  any  geometer  show 
US  the  direction  of  the  ancient  corrent  like  our  modern  Gulf 
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Stream  or  its  lines  of  greatest  force  and  the  lateral  subsidence  of 
this  force?  and  could  he  point  out  the  quiet  mid-ocean  areas  that 
prevailed  during  that  long,  long  palseozoic  period,  or  during  later 
geological  ages? 

Geology,  then,  may  assume  to  know  something  of  the  strncture 
of  the  earth,  not  less  than  the  sciences  which  weigh  and  measure 
it ;  and  when  the  vast  accumulations  of  geological  collections  in 
our  country  shall  be  reduced  to  system,  and  the  story  of  their 
origin  told,  we  shall  learn  that  there  are  laws  in  operation  not  dif- 
fering from  other  natural  laws,  though  seen  and  studied  by  different 
modes. 

The  picking  up  of  stones  by  a  child  may  not  be  science,  nor  is 
the  blowing  of  soap  bubbles  by  the  same  child  any  more  a  sci- 
ence, but  either  one  of  these  amusements  by  a  philosopher  may 
lead  to  the  discovery  of  laws  which  we  call  science. 

It  is  here  that  one  of  the  great  difficulties  of  geological  science 
lies  ;  for  geology  presents  herself  to  us  in  two  aspects,  the  Ph3's- 
ical  and  the  Natural  History.  I  might  add  also  as  a  thiix],  the 
Chemical  aspect,  so  large  a  part  has  chemistry  played  in  geological 
phenomena,  being  indeed  at  tlie  foundation  of  many  physical 
changes,  and  because  there  are  no  higher  problems  on  which  chemi- 
cal science  has  expended  her  force  than  those  furnished  by  geology. 

To  some  minds,  geology  scarcely  assumes  the  rank  of  a  science, 
except  where  treated  of  from  a  physical  point  of  view.  They  con- 
sider the  simplest  physical  law  adequate  to  the  explanation  of  the 
most  stupendous  phenomena.  To  them,  mountain  chains  rise  and 
are  abraded,  and  the  entire  crust  of  the  earth  is  folded  and  pli- 
cated in  obedience  to  certain  laws.  They  see  no  difficulty  in  the 
way  of  imagining  torrents  of  water  moving  onward  and  upward, 
carrying  masses  of  rocks  over  heights  far  above  their  origin  by 
some  simple  gyratory  force.  The  entire  earth  becomes  with  equal 
ease  to  them,  either  a  pliable,  elastic,  or  compressible  mass,  or  a 
non- elastic  body ;  sometimes  one,  sometimes  the  other,  changing 
gradually,  or  b}'  sudden  cataclysms,  according  to  the  fancy  of  the 
expounder.  No  wizard's  wand  ever  pla^^ed  so  many  pranks  as  the 
poor  earth  in  the  hands  of  these  theorizing  geologists. 

The  more  slowly  moving,  but  not  less  industrious  and  devoted 
laborers  in  science,  can  never  hope  to  climb  the  height  of  that 
Parnassus  which  the  physical  theorist  in  geology  reaches  at  a 
single  bound.    We  stand  almost  aghast  at  the  passage  and  the 
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progress,  but  after  all  we  are  forced  to  confess  that  onr  wonder  has 
been  more  excited  than  our  reasoning  powers;  and  I  am  in  duty 
bound  to  say  that  geology  has  suffered  more  from  these  theories 
than  from  all  other  causes,  though  we  have  much  to  fear  from  the 
natural  historians  at  the  present  time. 

It  is  the  misfoi'tune  of  all  sciences  that  when,  having  acquired  a 
certain  degree  of  populaiity  or  interest  in  the  public  mind,  men 
are  found  who,  with  more  or  less  of  true  science,  are  still  so  fond  of 
making  theories  of  their  own,  that  they  at  once  invent  a  plausible 
and  acceptable  plan  which  goes  forth  to  the  world  with  all  the  cir- 
cumstance attending  a  real  scientific  investigation.  With  truth 
enough  to  spare  it  from  the  anathemas  of  science,  it  still  carries 
false  doctrines  and  false  views.  Nor  is  this  peculiar  to  geology, 
for  other  sciences  have  suffered  equally  from  the  false  zeal  of  inju- 
dicious friends  who  attempt  the  reconciliation  of  new  and  legiti- 
mate views  of  science  with  old  prejudices  and  preconceived  opin- 
ions. 

In  geology  this  reconciliation  is  attempted  between  the  science 
and  Scripture,  and  every  phase  of  geological  science  has  had  its 
reconciliation  with  the  received  opinions  or  prejudices  regarding 
the  origin  of  our  earth,  as  derived  from  the  first  chapter  of  Gene- 
sis. The  absurdity  of  all  this  is  apparent,  when  we  consider  that 
with  advancing  discoveries  every  quarter  of  a  century  presents  onr 
science  in  so  different  a  phase  that  a  new  reconciliation  is  required. 
Yet  each  reconciliation  and  interpretation  is  advanced  with  ex  ea- 
thedra  authority ;  and  not  satisfied  with  promulgating  scientific 
truths,  the  author  would  insist  uiK)n  making  their  interpretations 
dogmas  of  religions  teaching  and  religious  belief. 

Another  point  which  I  conceive  to  be  more  pernicious  than  this 
is  the  MtUerism  in  geology  at  the  present  time.  But  time  will 
not  permit  a  review  of  this  subject. 

Let  me  now,  gentlemen,  attempt  to  present  you  with  something 
more  peculiarly  appropriate  to  this  occasion  ;  and,  not  to  go  be- 
yond the  pale  of  geological  science,  I  may  be  permitted  to  call 
to  your  attention  some  of  the  more  important  results  which  have 
been  derived  from  tlie  investigations  of  the  past  few  years. 

There  was  a  time  when  we  were  taught  to  believe  that  all  the 
mountain  regions  of  New  England,  the  Appalachian  chain,  those 
of  Northern  New  York  and  the  Laurentian  mountains,  were  pro- 
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jecting  prominences  of  the  ancient,  irregular,  primary  nucleus  of 
this  portion  of  our  planet ;  but  that  time  has  long  since  passed,  and 
I  conceive  it  to  be  one  of  the  most  important  steps  in  the  progress 
of  modern  geology  that,  having  shown  most  conclusively  that  this 
science  has  nothing  to  do  with  the  origin  of  things,  we  have 
proved  that  she  recognizes  no  beginning  of  existing  conditions. 
There  is  no  known  point  that  can  be  appealed  to  as  a  part  of  the 
primary  nucleus  of  the  earth,  according  to  the  theory  which  regards 
the  earth  as  formerly  an  incandescent  body. 

All  that  we  can  see  among  the  evidences  of  the  earlier  condi- 
tion of  the  globe  shows  us  that  the  physical  conditions  were  then 
as  now :  that  even  the  beginning  which  we  recognize  in  geology 
shows  our  continent  as  an  ocean-bed  laved  by  the  widespread 
waters,  and  solid  materials  broken  down  and  transported  then  as 
now  by  currents  and  spread  out  in  stratified  deposits  over  the  ocean- 
bed.  The  evidences  of  these  conditions  meet  us  in  the  elevated 
ranges,of  the  Adirondack  mountains  in  New  York. and  the  Lauren- 
tian  mountains  of  Canada,  and  various  isolated  points  elsewhere. 
These  most  ancient  of  all  the  rocks  which  we  know  tell  us  only  of 
water  and  its  distributing  action  in  first  spreading  abroad  the  ma- 
terials, and  their  subsequent  metamorphism  and  elevation. 

How  many  similar  sedimentary  formations  may  have  preceded 
this  one,  we  know  not,  but  we  have  reason  to  believe  that  this  is 
not  the  earliest,  and  we  may  yet  know  more  of  those  of  prior  date. 
And  even  now  the  investigations  in  the  Canadian  Survey  have 
shown  the  necessity  of  dividing  the  sediments  of  this  peiiod 
which  we  have  considered  as  one ;  the  facts  proving  these  rocks  to 
have  been  formed  during  two  epochs,  forming  the  Lower  and  Upper 
Lauren  tian. 

We  have  moreover  the  evidence  of  preexisting  stratified  depos- 
its, for  here  in  these  ancient  sediments  of  the  Laurentian  period 
are  found  enclosed  masses  of  preexisting  stratified  rocks.  Even 
these  ancient  crystalline  masses,  which  had  been  believed  to  be  the 
oldest  if  not  the  very  primordial  nucleus  of  the  earth,  are  found  to 
contain  laminated  masses,  not  conforming  to  the  stratification  or 
lamination  of  these  beds,  but  lying  at  a  different  angle,  telling  you 
that  here  is  a  fragment  of  some  older  stratified  mass,  which  had 
been  broken  off,  transported  by  the  ocean  current,  and  embedded 
among  the  finer  dibris  of  a  later  deposit.    Even  here  then  we  find 
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tlut  not  only  are  these  rocks  not  the  primar}*  nucleus,  but  that 
the  materials  of  which  they  are  made  are  not  derived  directly 
firom  that  nucleus. 

Instead  therefore  of  the  earlier  condition  of  our  planet  exhibit- 
ing the  action  of  great  heat,  and  the  results  of  igneous  influences, 
we  find  only  evidences  of  water,  for  metamorphism  does  not  nec- 
essarily imply  the  action  of  heat  in  a  high  degree.  Here  are  the 
oldest  rocks  known,  still  preserving  their  lines  of  bedding  and 
their  outcrops,  as  distinctly  marked  as  in  the  more  modern  for- 
mations. 

We  are  indebted  to  the  Geological  Survey  of  Canada  for  fully 
establishing  this  Laurentian  System  as  a  series  of  older  stratified 
deposits  and  the  promulgation  of  another,  the  Huronian  System, 
-which  must  hereafter  form  a  part  of  the  geological  history  of  our 
continent. 

These  Laurentian  deposits  of  immense  thickness,  and  regularly 
stratified,  are  nevertheless  almost  throughout  highly  crystalline. 
Id  the  gneiss  of  this  period,  which  preserves  its  regular  lamination, 
were  embedded  kirge  masses  of  a  preexisting  gneiss,  with  its  planes 
of  lamination  lying  at  various  angles  to  the  lines  of  bedding  in  the 
enclosing  rock.  Masses  of  this  kind  often  appear  like  an  immense 
accumulation  of  bowlders,  the  interstices  of  which  have  been  filled 
vith  sand  and  mud,  the  whole  having  become  indurated  and  subse- 
quentl}*  metamorphosed  ;  the  bowlders  retaining  the  character  and 
lamination  of  their  original  bedding,  while  the  new  deposit  has  as- 
sumed its  own  system  of  lamination  conformable  to  the  lines  of 
bedding. 

In  this  manner  we  have  disposed  of  these  areas  of  crystalline 
rocks  belonging  to  the  more  ancient  class,  or  those  prior  to  any 
evidence  we  have  of  the  appearance  of  life  upon  our  planet ;  but 
the  analogy  in  their  mode  of  occurrence,  and  consequently  tlieir 
manner  of  formation  with  the  fossiliferous  deposits,  induce  the 
hope,  and  I  may  say  even  the  expectation,  that  we  shall  one  day 
prove  them  to  have  been  the  seat  of  animal  and  vegetable  life. 
Notwithstanding  that  our  experience  thus  far  negatives  such  infer- 
ence, I  hold  that  there  is  nothing  un philosophical  in  the  belief  that 
all  the  conditions  of  their  deposition,  so  far  as  we  now  can  see, 
were  as  favorable  to  life  as  the  newer  formations,  and  there  is  no 
ground  upon  which  we  can  safely  conclude  that  animal  remains 
will  not  yet  be  found  in  these  rocks.    That  there  was  a  period 
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when  life  began  upon  our  earth  I  do  not  doubt,  but  there  are  no 
evidences  beyond  those  of  a  negative  character,  to  prove  that  it 
might  not  have  begun  long  previous  to  the  commencement  of  those 
rocks  at  present  known  as  fossiliferous.  This  same  negative  evi- 
dence has  been  applied  to  New  England  and  other  portions  of 
the  country  long  after  many  of  us  had  shown  that  the  mountains 
of  New  England  consisted  of  strata  of  fossiliferous  age ;  and  it 
will  probably  be  a  long  time  yet  before  all  will  admit  that  the 
Green  mountains  are  Silurian,  and  the  White  mountains  Devonian 
and  Carboniferous,  in  their  age. 

In  one  respect  the  lower  crystalline  rocks  present  a  point  of  high 
interest.  In  their  greatest  development  they  are  known  only  tow- 
ai'ds  the  north,  both  in  America  and  Europe.  On  this  continent 
they  rise  to  the  northeast,  forming  a  long  barrier  nearly  parallel- 
to  the  line  of  the  St.  Lawrence  ;  and  thence  stretching  away  to  the 
westward  by  the  great  lakes  they  gradually  die  out  in  low  isolated 
areas,  which  form  no  strong  feature,  and  are  finally  entirely  ob- 
scured by  later  formations.  It  may  still  be  said  that  we  have 
intrusive  granites  of  older  date,  and  that  these  may  be  parts  of  that 
original  nucleus.  There  is  no  evidence  to  sustain  this  view.  Gran- 
itic masses  penetrating  the  Laurentian  rocks  may  still  be  portions 
of  the  preexisting  stratified  deposits ;  and  when  we  find  crystal- 
line granite  intruded  in  the  more  recent  Silurian,  Devonian  or 
Carboniferous  strata,  we  may  infer  that  they  are  derived  from  the 
formation  entirely  beneath.  We  have  no  evidence  that,  even  by 
granitic  veins  or  extruded  masses  of  so-called  igneous  granite, 
there  is  any  communication  from  the  surface  with  that  imagined 
primary  incandescent  nucleus  of  our  earth. 

This  point  prepares  us  for  a  different  appreciation  of  the  phe- 
nomena presented  by  crystalline  masses.  If  it  does  not  simplify 
the  whole  subject  of  geological  science,  it  at  least  takes  away  the 
source  whence  have  been  derived  a  large  part  of  those  absurd 
speculations,  where  imaginar}*  laws  of  physics  and  chemistry  have 
been  applied  to  illustrate  and  sustain  an  equally  false  and  imagi- 
nary geology. 

The  grand  problem  of  geology  is  the  entire  history,  chemical, 
physical,  zoological  and  botanical,  of  the  groups  of  strata  consti- 
tuting the  formations  of  the  globe.  From  the  first  evidences  of 
life  as  we  know  it  in  the  strata,  to  the  present  time,  is  the  phase 
in  the  earth's  history  with  which  geology  has  most  to  do ;  and  it 
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is  here  that  the  labor  of  systematizing  and  classifying  has  been 
mainly  expended.  But  even  with  the  best  intentions  and  with  the 
best  efforts  there  are  different  views  expressed,  and  one  type  or 
another,  as  seems  most  in  accordance  with  the  author's  views  or 
his  knowledge,  is  made  to  mark  the  eras  or  periods.  This  is  true 
DOt  only  of  the  more  general  but  also  of  the  more  detailed  classi- 
fications which  have  been  advanced  and  adopted. 

All  these  classifications  must,  confessedly,  be  founded  upon  im« 
perfect  knowledge,  for  the  geology  of  the  globe  has  been  but 
partially  studied,  and  negative  knowledge,  or  the  absence  of  all 
knowledge,  is  too  often  treated  in  generalizations  as  positive 
knowledge. 

It  might  be  presumptuous  to  hope  to  advance  any  new  views 
upon  this  subject ;  still  there  is  one  which  seems  to  mc  not  likely 
to  receive  sufficient  attention  in  the  increasing  interest  and  at« 
tractions  of  palseontology.  This  science  instead  of  being  studied  in 
connection  with  geology,  and  as  an  exponent  of  geological  phenom- 
ena, has  come  to  be  regarded  as  a  great  object  of  independent  in- 
vestigation ;  and  rocks  are  looked  upon  merely  as  the  conservatory 
or  museum  of  the  natural  history  of  the  past  geological  periods. 
Certainly  I  ought  not  to  oppose  a  view  which  exalts  palseontological 
science ;  and  still,  gentlemen,  I  would  not  in  this  study  lose  sight 
of  the  attendant  ph3'sical  conditions,  which  are  equally  important 
to  be  regarded.  The  progressive  steps  in  the  development  of 
animal  life  have  not  been  made  without  great  ph3'sical  changes ; 
and  we  can  never  arrive  at  a  true  history  of  our  planet  till  both  are 
itudied  in  connection. 

The  relation  of  the  physical  conditions  to  the  vital  force  and 
to  its  development  is  a  problem  of  vast  importance.  It  should 
always  be  borne  in  mind,  that  the  expression  of  animal  life  is 
coincident  with  physical  conditions,  and  that  the  vital  force  is 
never  developed  independent  of  physical  conditions.  This  is  true 
without  giving  any  undue  importance  to  these  conditions,  or  any 
eoantenance  to  materialistic  views. 

The  subdivisions  into  formations,  groups  and  systems,  have 
always  been  marked  by  physical  changes.  Where  a  group  of  strata 
has  its  materials  like  those  of  the  preceding  group,  there  will  the 
forms  most  resemble  those  of  the  preceding  period  ;  and  where  the 
lithological  change  is  greatest,  there  will  be  found  the  greatest 
<^uu)ge  in  the   nature  of  the  orgapisms.      When  an  intervening 
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formation  cuts  off  all  the  species  of  a  preceding  groap,  and  the 
next,  or  third,  is  similar  to  the  first  in  lithological  character,  so 
far  will  the  fossils  i-esemble  each  other  not  only  in  generic  forms, 
but  in  the  characteristics  of  species.  We  have  then  the  converse 
of  this  proposition,  that  uniform  pliysical  conditions  give  uniform 
fauna.  And  I  may  here  say,  that  while  this  holds  in  a  large  major- 
ity of  instances,  it  does  not  hold  true  in  all ;  because  there  is  a  law 
still  beyond  that  of  physical  condition  which  affects  the  geograph- 
ical distribution  of  species.  In  modern  zoology,  we  have  geo- 
graphical centres  of  distribution ;  and  we  have  zoological  districts 
or  areas  both  on  land  and  in  the  sea.  Here  questions  ai*e  involved 
which  have  not  been  heretofore  fully  discussed  ;  but  which  never- 
theless —  so  long  as  each  geological  period  is  marked  by  a  fauna 
of  its  own,  and  is  compared  with  a  modern  fauna — demand  our 
serious  consideration. 

In  pursuing  this  subject,  let  us  for  a  moment  review  the  recog- 
nized periods  of  American  geology,  or  the  geological  sj'stems  and 
groups  as  at  present  accepted,  and  their  application  to  the  rocks 
as  developed  upon  our  continent.  With  true  scientific  spirit,  as 
well  as  in  respect  to  what  has  been  done  on  the  continent  of  £urope 
and  in  Great  Britain,  we  endeavor  to  make  the  greater  groups  or 
systems  harmonize  with  those  adopted  in  Europe,  while  all  the 
minor  divisions  must  be  wrought  out  and  receive  the  expression 
due  to  them  from  the  conditions  of  this  continent,  dependent  upon 
the  prior  conditions  of  the  great  ocean  in  which  they  were  depos- 
ited. In  tracing  the  development  and  distribution  in  that  part  of 
our  continent  which  we  intimately  know,  I  shall  be  able  to  show 
with  more  force  the  results  at  which  I  have  arrived  respecting  cer- 
tain mountain  and  continental  phenomena. 

The  Potsdam  sandstone,  in  its  wide  distribution,  is  everywhere 
marked  by  ripple  marks,  by  broken  and  drifted  shells  of  Lingular 
diagonal  lamination  and  all  the  evidences  of  a  shallow  sea.  In 
the  uniformity  of  the  character  of  its  materials  and  its  even  dis- 
tribution over  wide  areas,  it  is  only  equalled  by  its  associated 
member  the  Calciferous  sandstone  or  Magnesian  limestone  which, 
in  composition  and  the  uniformity  of  physical  conditions  under 
which  it  was  deposited,  presents  similar  characters.  Even  long 
prior  to  the  period  of  these  depositions,  the  forces  which  had. dis- 
turbed the  preexisting  continent  had  ceased,  and  in  contradiction 
to  the  generally  entertained  opinion  that  in  more  ancient  times 
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there  was  more  distarbance  of  the  crust,  there  has  scarcely  ever 
been,  since  this  advent  of  life  upon  oar  globe,  so  wide  an  area  or 
BO  long  a  period,  indicating  repose  of  all  the  disturbing  forces. 
At  no  period  has  deposition  been  so  uniformly  diffused  or  animal 
life  so  widely  distributed  in  the  same  forms  over  so  large  a  pro- 
portion of  our  continent. 

The  second  great  period  of  the  geological  history  is  marked  by 
the  limestone  groups,  the  Chazy,  Birdseye,  Black  River  and  Tren- 
ton. The  latter  is  the  most  important  and  gives  character  to 
the  whole.  This  formation  we  know  to  be  widely  spread  over  the 
continent,  indicating  until  near  its  close  a  period  of  repose,  and  it 
IS  only  in  some  few  points  towards  the  northwest  that  we  discover 
the  deposit  much  attenuated  and  the  influx  of  muddy  sediments 
interfering  in  a  great  degree  with  the  persistence  of  the  fauna. 

I  might  state  here  incidentally  that  the  fauna  of  the  Potsdam 
and  Calciferous  period  is  totally  unlike  that  of  the  Trenton  lime- 
stone period  following.  In  the  earliest  of  known  periods  when 
life  has  flourished,  it  has  been  widely  distributed  and  has  ceased 
without  convulsions  or  cataclysms,  leaving  the  area  of  ocean  which 
it  had  occupied  for  the  occupancy  of  new  races.  In  the  very  first 
of  our  creations,  therefore,  we  have  evidence  to  show  that  life  was 
terminated  over  wide  areas  while  there  are  no  evidences  remain- 
ing of  violent  commotions. 

The  next  succeeding  or  the  Hudson  River  group  appears  to  us 
with  more  features  of  interest  in  its  physical  characters  than  either 
of  the  preceding ;  and  it  was  at  this  period,  as  I  shall  attempt  to 
show,  that  the  form  and  outline  of  our  present  continent  were 
determined. 

The  Hadson  River  group  presents  us  on  the  one  hand  with  a 
series  of  soft  shales  becoming  coarser  and  alternating  with  sand- 
stones above,  and  on  tlie  other  with  irregular  masses  of  limestone 
and  finally  immense  masses  of  coarse  sandstones  or  conglomerates 
with  gi'eat  bands  of  shale.  This  group  attains  in  Canada  a  thickness 
of  2000  feet,  and  in  Pennsylvania  it  has  a  thickness,  according  to 
Prof.  Rogers,  of  6000  feet.  Its  northeasteiii  extremity  stretches 
out  to  6asp6,  and  on  the  south  side  of  the  St.  Lawrence,  and, 
throaghout  Canada  and  the  Green  mountains  of  Vermont,  forms 
in  its  metamorphic  and  folded  condition,  a  great  feature  of  the 
country.  In  its  continuatipn  southward  it  forms  a  marked  feature 
in  the  Appalachian  chain  gradually  dying  out  as  the  range  declines 
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to  the  southward.  Along  this  line,  which  I  shall  term  its  line  of 
trend,  it  presents  no  striking  variations — nothing  but  what  might 
be  expected  in  any  sedimentary  group  of  rocks.  It  is  only  in 
pursuing  it  to  the  westward  that  we  find  interesting  and  important 
changes.  Tracing  it  through  Canada,  west  by  the  islands  of  Lake 
Huron  and  by  Green  Bay  to  the  Mississippi  River  and  more 
southerly  still  by  Cincinnati  and  the  mouth  of  the  Ohio,  we  learn 
that  the  coarser  sediments  gradually  disappear,  the  finer  mud  alone 
having  been  transported,  and  finally  that  calcareous  matter  becomes 
an  important  ingredient  in  the  formation  and  sandstone  has 
become  an  exception.  Or  to  give  the  best  expression  to  the 
change,  we  here  in  New  York  and  Canada  speak  of  the  shales 
and  sandstones  of  the  Hudson  Biver  group  terminated  by  the 
Oneida  or  Shawangunk  conglomerate.  In  Ohio  the  same  group 
is  known  as  the  ^^  Blue  limestone."  In  Wisconsin  and  Illinois,  this 
group,  which  in  New  York  and  the  east  is  thousands  of  feet  in 
thickness,  has  thinned  so  that  it  measures  only  from  sixty  to  one 
hundred  feet,  while  in  Iowa  I  have  not  been  able  to  obtain  a 
thickness  of  fifty  feet.  Here  we  have  an  extensive  group  of  strata 
changing  from  fine  and  coarse  sedimentary  materials  and  passing 
through  all  the  intermediate  phases  until  it  becomes  a  shaly 
limestone. 

Now  in  looking  at  the  present  continent  as  at  that  time  an 
open  sea,  I  conceive  that  the  most  rational  explanation  of  these 
phenomena  is  that  a  powerful  current  has  brought  these  se<iimen- 
tary  materials  of  sand,  clay  and  pebbles  from  the  northeast^  and 
has  distributed  them  along  the  line  now  marked  by  the  Appala- 
lachian  chain  ;  or,  if  you  please  to  assume  that  there  has  been  a 
continent  to  the  east  of  our  own  which  has  been  subsequently 
submerged,  then  the  materials  have  been  distributed  along  its 
coast.  On  whatever  ground  we  view  the  deposit,  we  must  admit, 
I  conceive,  that  these  materials  have  been  distributed  by  a  cur- 
rent, and  that  the  direction  of  this  current  has  been  in  the  line  of 
greatest  accumulation  and  coarser  materials ;  and  that  towards 
the  westward,  where  we  find  less  accumulation  and  finer  materials, 
but  still  a  wide  ocean,  the  current  gradually  diminished  until 
it  essentially  ceased  and  the  fine  materials  were  slowly  spread  over 
the  broad  area  which  they  occupy  in  their  diminished  thickness. 
Such  I  conceive  to  have  been  the  physical  conditions  of  this  an* 

*  See  note  at  the  end  of  address. 
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cieat  ocean-bed «  an  ocean  disturbed  by  carrents  as  extensive 
and  as  poirerfhl  as  any  we  can  point  to  in  modern  oceans.  Thus 
from  an  equable  and  comparatively  quiet  perioci  wlien  the  Potsdam 
sandstone  was  spread  widely  over  the  bottom  of  the  sea,  we 
Uave  come  to  one  when  powerful  currents  directed  the  distribution 
of  the  sediments  in  long  lines  of  deposition,  on  the  seaward  side 
of  which  we  find  the  gradual  thinning-out  of  the  beds  for  want  of 
a  siilficient  trans|x>rting  agency. 

Shall  we  here  inquire,  what  influence  this  change  in  the  char- 
acter of  sediments  has  had  upon  the  fauna  of  the  period  ;  and  if  the 
fanna  in  any  manner  indicates  the  force  of  physical  influences? 
In  the  east  the  Hudson  River  group  presents  an  abrupt  change 
from  limestones  to  black  and  green  shales  containing  few  fossils. 
In  the  sandstones  above  and  in  the  calcareous  bands  accompany- 
ing them  are  numerous  plants,  graptolites,  some  crinoids  and 
aoepbalons,  with  gasteropods  and  cephalopods  not  known  in  the 
group  below ;  while  at  the  same  time  alter  being  absent  through 
the  lower  part  of  the  group,  many  of  the  Trenton  limestone  spe- 
cies of  brachiopods  are  here  reintroduced  midway  in  the  series 
mingled  with  the  new  fauna. 

In  the  west  where  the  strata  are  calcareous  and  have  a  litholog- 
ical  similarity  with  the  formation  below  we  find,  likewise,  a  greater 
Btmilarity  with  the  fossils  of  the  preceding  period.  Nearly  all  the 
Trenton  brachiopoda  are  found,  together  with  a  large  proportion 
or  new  forms  of  this  family.  The  acephalous  shells,  which  are  the 
distinguishing  fossils  of  this  group  in  New  York  and  part  of 
Canada,  are  rare  and  very  subordinate  in  the  west,  forming  indeed 
DO  notable  portion  of  the  fauna.  At  the  same  time  the  trilobites 
of  the  Trenton  limestone  occur  abundantly  in  the  Hudson  River 
group  of  the  west  while  they  are  extremely  rare  in  its  coarser 
sedimentary  phase  in  the  east.  But  even  these  phases  do  not  hold 
good  throughout,  and  in  western  Wisconsin,  northern  Illinois,  and 
in  Iowa  towards  the  attenuated  margins  of  the  group,  scarcel}^  a 
single  species  of  the  group  is  identical  either  with  those  of  Ohio  or 
of  New  York  or  Canada ;  and,  finally,  on  its  attenuated  north- 
western margin  it  is  marked  by  scarcely  more  than  half  a  dozen 
species  of  fossils,  not  one  of  which  could  be  recognized  as  identical 
with  anything  known  in  the  group  within  two  hundred  miles  from 
tiie  centre  of  its  greatest  development.      Such  are  the  phases  of 
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the  Hudson  River  group  in  the  great  eastern  development  and  in 
its  western  and  southwestern  prolongations,  and  this  was  the  extent 
of  our  knowledge  of  its  phases  until  within  a  year  past  [1856]. 
During  this  time  the  investigations  of  the  Canadian  survey  under 
the  direction  of  Sir  W.  E.  Logan  have  extended  to  the  Island  of 
Antieosti,  hitherto  almost  a  terra  incognita,  and  the  few  fossils  we 
had  seen  from  there  indicating  very  clearly  a  new  and  rich  field. 
But  the  results  are  far  in  advance  of  all  anticipation. 

In  order,  however,  to  understand  fully  these  results  and  the  po- 
sition of  that  Island,  you  must  know  that  from  this  point  to  be- 
low Quebec  and  still  farther  down  the  St.  Lawrence,  the  lower  for- 
mations with  the  Hudson  River  group  in  its  vastly  developed  physical 
aspect,  together  with  the  formations  below,  abut  against  the  slopes 
of  the  Laurentian  mountains ;  that  to  the  eastward  the  trend  of 
the  Hudson  River  in  its  conglomerates,  etc.,  is  more  easterly  while 
the  Lauren tians  trending  to  the  northeast  open  a  space  between 
them  in  which  lie  the  Island  of  Antieosti  and  the  Mingan  Islands. 
We  might  have  expected  to  find  on  the  Island  of  Antieosti  the 
upper  sedimentary  deposits  of  the  Hudson  River  group  with  some 
higher  beds,  but  we  were  quite  unprepared  for  the  result  which 
shows  that  here,  as  at  the  west,  are  large  accumulations  of  calca- 
reous beds  with  the  recurrence  of  fossils  similar  to  those  along 
the  area  exposed  by  the  Cincinnati  axis.  The  same  corals,  the 
same  brachiopods  that  mark  the  ''blue  limestone"  formation  of 
Ohio  and  Indiana  and  of  the  islands  of  Lake  Huron  are,  here  in 
Antieosti,  characteristic  forms.  On  the  west  the  nearest  points  where 
these  associations  of  fossils  are  known  are  the  islands  of  Lake' Hu- 
ron, three  hundred  miles  or  more  to  the  westward  of  where  we  stand  ; 
while  on  the  other  hand,  seven  hundred  miles  or  more  to  the  east- 
ward, are  the  same  associations  of  fossils.  In  Antieosti  there  is 
the  well-marked  coral  FavisteUa  stellata  with  Orthis  subquadrata^ 
marking  the  same  horizon  as  one  thousand  miles  farther  to  the 
west,  while  all  the  intermediate  space  is  filled  with  the  sedi- 
mentary deposits  of  the  group,  in  which  neither  of  these  forms 
occurs.  To  the  southward  of  Antieosti,  there  has  been  the  great 
force  of  that  current  from  the  northeast  bringing  forward  the  sed- 
iments of  the  Hudson  River  group,  while  the  more  gentle  action 
spread  northward  the  finer  material,  to  be  mingled  with  the  calca- 
reous matter  there  formed  from  corals  and  shells  and  to  become 


BT  JAMES   HALL.  45 

the  habitation  of  another  fauna.  And  not  only  do  we  find  there 
many  species  which  we  know  as  characteristic  of  western  local- 
ities, but  many  other  similar  forms  both  of  corals,  bracbiopoda 
and  gasteropoda,  besides  many  new  and  remarkable  forms.  In- 
stead therefore  of  this  group  of  bracbiopoda  and  other  fossils 
forming,  as  we  had  supposed,  a  peculiar  fauna  marking  the  west- 
ern extension  of  the  Hudson  River  group,  it  has,  in  truth,  its  cen- 
tre farther  to  the  east,  and  the  western  apparition  is  an  isolated 
offshoot,  as  it  were,  which  after  all  has  had  but  a  meagre  development 
when  compared  with  that  of  Anticosti.  The  trend  of  the  coarser 
materials,  striking  against  the  southern  prolongation  of  the  Lau- 
rentian  range,  cuts  off  the  western  extension  of  these  more  quiet 
sea-deposits  which  were  only  again  reproduced  and  continued  at 
the  westward  and  south  westward. 

The  strata  which  we  designate  therefore  as  our  Lower  Silurian  for- 
mations have  been  deposited  under  very  unequal  conditions :  in  the 
first  instance  an  almost  universal  sediment  of  uniform  character, 
ending  with  calcareous  materials  marked  by  a  fauna  as  peculiar  as 
any  other ;  then  an  entire  cessation  of  these  conditions  and  a  new 
fauna  scarcely  less  universal  in  its  distribution  in  the  earlier  epochs 
such  as  the  Trenton  limestone.  In  the  later  phases  of  the  Hudson 
River  group  it  exhibits  evidence  of  violent  physical  action  in  the 
accumulation  of  coaraer  debris,  powerful  cuiTents  and  unequal  dis- 
tribution of  material,  with  a  varied  fauna.  Certain  parts  of  the 
group  in  its  geographical  distribution  are  characterized  by  fossils 
which  are  almost  or  quite  unknown  in  other  parts. 

Almost  coincident  with  the  distribution  of  the  sediments  of  the 
Hudson  River  group  to  the  west  and  southwest  are  those  of  the 
Medina  sandstone  and  Clinton  groups.  These  later  formations 
gradually  die  out  in  the  line  of  the  Great  Lakes  on  the  westward 
and  have  scarcely  a  vestige  in  the  Ohio  valley ;  while  they  are, 
like  the  Hudson  River  group,  much  more  persistent  in  the  direc- 
tion of  the  Appalachian  chain.  Although  we  can  only  regard 
these  products  as  the  result  of  the  same  action  which  produced 
the  sediments  of  the  Hudson  River  group,  yet  we  admit  the  cul- 
mination of  that  action  and  of  that  group  in  the  Oneida  conglom- 
erate; while  the  Medina  sandstone  and  Clinton  groups  in  their 
ledimentary  materials  must  be  regarded  as  the  result  of  the  dimin- 
ithing  force  which  originated  and  continued  in  greater  or  less  degree 
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throughout  the  period.  At  the  time  the  Medina  sandstone  (and 
perhaps  the  Oneida  conglomerate)  as  well  as  tlie  coarse  materiait 
of  the  Clinton  group  were  being  deposited  in  New  York  and  west- 
ward, the  sediments  of  Anticosti  were  made  in  a  comparatively 
quiet  sea,  and  the  succession  of  forms  goes  on  almost  without 
interruption.  You  perceive  that  there  were  already  at  this  early 
period  vastly  greater  accumulations  of  sediment  along  what  is  now 
the  eastern  border  of  our  continent  than  along  the  country  to 
the  westward  and  especially  in  that  part  now  constituting  the 
Mississippi  valley. 

We  are  now  to  contemplate  a  return  to  a  more  quiescent  condi- 
tion of  the  ancient  ocean.  The  shales,  sandstones  and  conglome* 
rates  arc  succeeded  by  limestone  formations  of  wide  extent.  The 
Niagara  group,  stretching  from  the  Hudson  valley  westward,  can 
be  traced  through  New  York,  Canada,  by  lake  Huron  and  lake 
Michigan,  thence  across  Wisconsin  and  Illinois,  where  it  disap- 
pears beneath  the  Devonian  and  Carboniferous  rocks  of  Iowa  and 
Missouri.  In  its  southwesterly  direction  from  New  York  it  grad- 
ually thins  out,  but  is  still  known  in  Tennessee  where  it  is  lost 
beneath  the  more  recent  formations.  The  numerous  fossils  in  the 
Canada  Survey  collections  proclaim  the  existence  of  this  group  in 
the  peninsula  of  Gasp6  and  at  numerous  other  points  on  the  north- 
east. 

Without  at  this  moment  giving  the  deductions  whieh  arise  from 
the  facts,  I  may  mention  here  that  the  Niagara  group  and  succeed- 
ing limestones  lie  uncomformably  upon  the  Hudson  River  group, 
in  the  valley  of  the  Hudson ;  that,  even  before  the  deposition  of 
this  member  of  the  series,  those  contractions  which  have  finally 
produced  the  results  of  which  we  have  been  before  informed,  in  the 
Green  Mountain  and  Appalachian  chain  generally,  had  at  this 
early  period  commenced. 

The  Medina  sandstone  and  Clinton  groups,  which  lie  at  the  base 
of  the  Upper  Silurian  S^'stem  and  below  the  Niagara  group,  have 
had  but  a  partial  distribution  of  sediments  in  a  westerly  direction, 
while  the  succeeding  limestones  of  the  Niagara  are  as  widely  dis- 
tributed as  any  Silurian  formation  upon  our  continent.  Notwith- 
standing this  disturbed  condition  during  a  large  part  of  the  time 
of  the  deposition  of  the  formations  at  the  base  of  what  we  term 
Upper  Silurian,  a  new  fauna  was  introduced,  and  as  we  should  sup* 
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pose  under  most  unfavorable  circumstances.  Short  periods  of 
repose  indicated  by  the  nature  of  the  strata,  alternated  with  periods 
of  disturbance  from  the  influx  of  coarse  sediments,  which  must 
have  been  disastrous  to  animal  life.  We  might  have  presumed 
that  the  fauna  we  find  in  these  rocks  was  a  colony,  as  it  were,  from 
some  more  favorable  centre,  but  we  have  not  until  now  had  the 
means  of  proving  that  in  the  same  period  the  island  of  Anticosti 
was  a  quiet  sea  and  there  flourished  the  prototypes  of  our  upper 
Silurian  fauna. 

The  conditions  which  existed  during  the  Niagara  period,  caused 
by  the  elevation  of  the  eastern  portion  of  the  Hudson  River  group, 
thus  producing  a  thinning  of  the  easterly  edge  of  the  Niagara  group, 
conlinued  after  the  cessation  of  its  fauna.  Beginning  with  its 
thin  edge  in  eastern  New  York  it  becomes  conspicuous  in  western 
New  York  and  Canada  West  and  is  thence  recognized  by  the 
islands  around  the  northern  margins  of  the  6i*eat  Lakes  and  be- 
comes an  important  formation  at  the  Mississippi  River.  Thus 
without  any  apparent  disturbance  and  with  a  continuance  of  the 
«une  physical  conditions  which  continued  to  cause  the  deposition 
of  the  same  kind  of  sediments,  we  have  a  total  change  in  the 
fauna  marking  this  later  stage,  as  it  were,  of  the  Niagara  period. 
The  conditions  for  its  production  becoming  more  and  more  favor- 
able  as  we  go  westward  to  the  Mississippi  valley,  and  there,  in 
Its  greatest  mass  and  the  highest  development  of  its  fauna,  we 
leave  it  passing  beneath  the  more  recent  formations  of  Iowa  with  a 
thickness  of  six  hundred  feet. 

In  the  succeeding  order,  the  Onondaga  Salt  group  follows,  par- 
allel in  its  outcrop  and  so  far  as  we  know  coextensive  with  the  Ni- 
agara group  through  New  York,  Canada  West  and  thence  to  the 
Mississippi  valley  ;  and  again  southwesterly  parallel  with  the  Ap- 
palachian chain.  Although  having  this  great  geographical  extent, 
it  has  generally  a  moderate  thickness  and  in  some  places  has  not 
received  the  recognition  of  a  distinct  group.  Generally  the  deposit 
is  that  of  a  shallow  sea,  while  in  New  York  and  Canada  West 
it  presents  the  features  of  a  deep  basin  deposit.  While  thinning  out 
on  the  eastern  limits  of  New  York  to  a  thickness  of  thirty  feet  or 
even  less,  and  westerly  to  less  than  one  hundred  feet,  it  still  has  in 
central  New  York  a  thickness  of  1000  or  1200  feet;  showing  that 
there  was  a  deep  depression,  caused  in  all  probability  by  the  lateral 
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pressure  on  the  east,  which  elevated  the  rim  of  the  basin  on  that 
side  rather  abrnptly  while  it  sloped  more  gradually  to  the  west. 
This  lateral  pressure  on  the  east  is  apparently  caused  by  the 
gradual  contraction  which  produced  the  more  abrupt  foldings  of 
the  crust  in  the  region  of  New  England  and  eastern  New  York, 
thus  showing  most  conclusively  that  changes  of  level  and  mod- 
ifications of  the  form  of  the  ocean  were  going  on  throughout  these 
penods  and  that  librations  extended  much  beyond  the  actual  evi- 
dences of  their  action  at  this  time. 

I  have  chosen  to  speak  of  these  formations  where  we  know  them 
fully  and  have  trusted  to  no  doubtful  observations  or  evidence  not 
fully  sustained  by  facts.  You  will  have  perceived  that  thus  far  the 
Silurian  sea  has  spread  over  all  the  known  area  of  the  older  rocks  on 
this  side  of  the  Rocky  mountains.  In  the  period  of  the  Potsdam 
sandstone  and  lower  limestones  the  depth  was  very  uniform  through- 
out, as  would  appear  from  the  fauna.  In  the  period  of  the  Hudson 
River  group  we  trace  the  deposits,  as  we  believe,  to  greater  depths 
than  animal  life  of  a  molluscan  type  can  flourish,  while  further  to 
the  east  were  shallower  seas.  In  the  Niagara  period  and  the  two 
succeeding  ones,  the  ocean  presents  a  pretty  uniform  character 
over  a  westerly  extension  of  one  thousand  njiles  from  one  meridian, 
while  we  have  evidence  of  libration  on  the  east  and  particularly  in 
that  portion  occupied  by  the  sedimentary  portions  of  the  Hudson 
River  group. 

The  lines  or  exposed  areas  of  deposit  mark  the  ancient  ocean 
limits.  When  the  conditions  were  favorable  for  sustaining  life  we 
look  to  the  fossils  for  the  indications  of  the  changes  of  area  and 
depth  of  this  ancient  ocean.  In  the  absence  of  life,  we  seek  an 
explanation  of  these  changes  of  area  and  depth,  in  the  direction 
and  force  of  cun-ents  as  indicated  by  the  nature  and  extent  of  the 
sedimentaiy  deposits. 

If  we  now  look  to  the  next  succeeding  group  of  strata,  which 
we  term  the  Lower  Helderberg  group,  we  find  the  direction  and 
extent  of  its  area  almost  at  right  angles  with  those  immedi- 
ately preceding  it,  and  parallel  to  that  great  line  of  sedimentary 
deposits  marking  the  crest  of  the  Hudson  River  group.  From  the 
investigations  of  the  Canada  Geological  Survey,  the  Lower  Helder- 
berg group  is  known  on  the  northeast  at  the  extremity  of  Gasp^, 
resting  unconformably  upon  the  rocks  below ;  thence  to  the  south- 
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west  more  or  less  interruptedly  it  pursues  its  course,  here  at  our 
feet  in  the  bed  of  the  St.  Lawrence  appearing  in  outliers  which  rest 
Qnconformably  upon  the  upturned  ed^es  of  the  lower  beds  of  the 
Hudson  River  group.  A^ain  in  the  Hudson  valley  above  the 
Highlands  lies  the  same  series  resting  upon  the  shales  and  shaly 
sandstones  of  the  Hudson  River  group,  while  the  continuation 
of  that  group  to  the  northward  in  its  high  crest  of  the  Shawan- 
gnnk  is  cut  off  by  the  erosion  of  the  Hudson  valle3^  Tracing 
the  group  but  a  little  way  westward,  it  passes  beneath  the  Upper 
Heldorberg  in  apparent  conformity  to  the  nearly  horizontal  Hud- 
son River  rocks  below  and  those  which  succeed  it.  Southward 
we  trace  this  group  of  strata  through  Pennsylvania,  Maryland  and 
Virginia  to  Tennessee,  where  its  horizon  is  well  marked.  But  not- 
withstanding this  immense  extent,  fi*om  Gasp^  to  Tennessee  it 
rarely  extends  more  than  a  hundred  miles  to  the  westward  of  the 
Hudson  valley  in  New  York  though  having  a  greater  width  to  the 
southwest.  It  therefore  presents  a  belt  of  fossiliferous  beds  of 
about  fifteen  hundred  miles  in  length  from  northeast  to  southwest. 
Here  then  we  have  the  entire  area  of  the  west  and  northwest,  as 
far  as  ye  know  (with  the  exception  of  a  very  small  area  in  Illi- 
riois  and  Missouri),  entirely  destitute  of  this  formation  or  of  any 
representative  of  it  in  the  series.  Was  this  vast  area  a  deep  sea 
or  dry  land?  If  a  deep  sea,  we  should  expect  to  find  the  fine 
seiliments  of  the  shoreward  formations  drifted  out  into  it  to  some 
extent ;  but  these  we  nowhere  find.  In  a  few  instances  we  have 
heen  the  loiver  beds  apparently  water-worn  and  broadly  furrowed 
as  if  exposed  to  shore  currents  or  even  to  littoral  action,  but  of 
these  conditions  we  have  too  little  knowledge  to  speculate.  But 
it  still  appears  to  me  that  we  must  admit  the  conclusion  that  at 
this  period  a  large  proportion  of  the  area  on  the  northwest  of  the 
line  I  have  indicated  must  have  been  above  water. 

Thus  while  the  trend  of  the  limestones  of  the  Niagara  and  the 
two  succeeding  calcareous  groups  has  a  general  east  and  west  di- 
rection, this  limestone  of  the  Lower  Ilelderberg  has  a  northeast  and 
southwest  trend.  While  the  Lower  Helderberg  limestones  by  their 
fossil  relations  are  Upper  Silurian  and  intimately  related  to  those 
helow,  the  trend  of  greatest  accumulation  of  the  two  is  nearly  at 
right  angles. 

Tlie  line  of  deposit  of  the  Oriskany  sandstone  and  Caudagalll 
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grit  was  coincident  with  that  of  the  preceding  limestone  deposit 
and  overlies  it.  Tlie  sandstone,  indeed,  stretched  somewhat  far- 
ther to  the  west  and  lay  beyond  the  edges  of  the  limestone  up- 
on the  upper  members  of  the  Onondaga  salt  group ;  still  the  same 
area  is  occupied,  and  the  line  that  admitted  of  the  formation  of 
coral-reefs  in  the  Lower  Ilelderberg  period  has  become  again,  as  in 
the  period  of  the  Hudson  river  group,  the  line  of  currents  and  of 
sedimentary  jifipftsits.  This  sandstone  formation  which  in  Gasp6 
is  more  than  one  thousandfgfiLthjck,  and  in  Pennsylvania  according 
toProfessorRoger^f-tfySnhukttfedlf^CLt  thick,  soon  thins  out  to  the 
westward.  In  t)!f»Jweldej'bcrg^ipouniqi^it  has  a  thickness  of  not 
more  than  thirMf^et.  and  often  less  tqcTm three  feet,  while  farther 
west  in  central^  ew  l^nmX&smn  a  fensolatcd  patches  of  a  few 
feet  in  extent  «(^4es3  t4MttltiiitBrfillj[^gyD me  small  depressions  in 
the  upper  beds  ^^vi^i|Oi](^gaeAjb^ip.  Here  we  have  appar- 
ently again  returncchl(t^^]gg^M^Kms  of  northeast  and  southwest 
accumulation  of  sediments  deposited  in  the  Itfie  of  the  Appalachian 
chain. 

TheOriskany  sandstone  is  the  period  in  which  acknowledged  tj'pes 
of  Devonian  fossils  are  introduced.  It  lies  parallel  to  the  preceding 
Upper  Silurian  limestones  and  at  right  angles  to  the  great  mass  of 
the  succeeding  fossiliferous  Devonian  beds.  These  types  which 
were  introduced  in  the  period  of  a  sedimentary  rock  which  was 
deposited  along  a  line  from  northeast  to  southwest,  and  cut  off  from 
the  succeeding  group  by  a  non-fossiliferous  belt  (the  Caudagalli 
grit),  nevertheless  appear  and  flourish  in  the  next  formation  whose 
trend  is  nearly  at  right  angles  to  the  preceding,  and  the  vital  mani- 
festations go  on  irrespective  of  the  change  in  the  phj'sical  condi- 
tions. 

Succeeding  the  period  which  I  have  just  described,  where  the 
sediments  have  a  northeast  and  southwest  direction,  we  have  to 
contemplate  a  calcareous  formation  whose  known  trend  along  the 
line  of  outcrop  is  nearly  east  and  west,  stretching  from  the  Hudson 
valley  through  New  York  and  Canada  West,  thence  across  Mich- 
igan, Indiana  and  Illinois,  to  the  Mississippi  river  and  into  Iowa, 
having  an  outcrop  parallel  and  apparently  conformable  in  posi- 
tion to  the  rocks  of  the  Niagara,  Gait  [Guelph]  and  Onondaga 
salt  group.  The  belt  of  formations  just  noticed  as  the  Lower  Hel- 
derberg  limestone,  the  Oriskany  sandstone  and  Caudagalli  grit  is 
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an  impoilant  one  along  the  eastern  outcrop,  but  in  the  west  these 
forinations  are  entirely  absent,  and  what  is  more  remarkable,  tlieir 
absence  is  not  noticeable,  and  for  all  we  can  determine  on  the 
ground,  the  sequence  is  as  perfect  in  the  west  as  at  any  point  in 
our  palsBOzoic  area. 

The  calcareous  beds  before  alluded  to,  including  the  Schoharie 
grit,  constitute  the  Upper  Ilelderberg  group.  The  Schoharie  grit 
has  Tcry  little  western  extension,  but  is  known  for  at  least  two 
hundred  miles  in  a  southwest  direction.  The  limestones  of  this 
group  mark  a  line  of  terrace  from  the  Hudson  river  westward 
throughout  New  York,  and  present  one  of  the  best  marked  and 
most  extensive  ph^^sical  features  of  the  entire  state.  It  is  true 
the  attenuate  easterly  margin  of  this  group  may  be  traced  from  the 
Hudson  valley  to  Tennessee,  And  the  same  is  true  of  the  Niagara 
and  Onondaga  salt  groups,  tlA)ugh  the  li^e.  of  greatest  force  is 
from  east  to  west, .  and  the  whoLe^  j?£.^*V^^  presents  but  a  meagre 
thickness  in  Tennessee. 

Pursuing  our  investigations  southward  from  this  limestone  ter- 
race, we  find  in  eastern  New  York  and  in  Pennsylvania,  first :  a 
series  of  ahales  and  shaly  sandstones ;  then  we  have  a  series  of  sand- 
stones and  shaly  beds ;  and  above  these,  shales  and  sandstones 
all  of  which  may  with  little  difficulty  be  included  in  one  group  as 
has  been  done  in  the  geological  survey  of  the  latter  state.  But  in 
central  and  western  New  York  we  find  the  lower  part  of  the  series 
becoming  more  shaly,  and  finally  more  calcareous,  so  that  in  the 
western  half  of  the  state  it  is  a  group  of  calcareous  shales  with 
beds  of  limestone  known  as  the  Hamilton  group,  and  containing  a 
set  of  fossils  peculiar  to  itself. 

The  central  portion  of  the  mass  becomes  better  defined  as  a 
series  of  shales  and  flagstones,  with  some  heavy  beds  of  sandstone 
which  are  well  marked,  though  nearly  destitute  of  fossils.  This 
group  of  strata  has  received  the  name  of  the  Portage  group. 

At  the  same  time  the  third  member  has  become  defined  ns  a  set 
of  sliales  and  shaly  sandstones  with  a  peculiar  assemblage  of 
fossils,  and  has  re'ceived  the  name  of  Chemung  group. 

When  we  follow  these  successive  groups  of  strata  to  the  west- 
ward we  find  them  gradually  thinning  out.  The  Hamilton  group 
traced* through  Canada  West,  Michigan  and  Illinois  to  the  Missis- 
sippi, there  presents  a  thickness  of  some  fift}'  or  sixty  feet,  while 
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in  eastern  New  York  it  is  scarcely  less  than  fifteen  hundred  feet, 
and  is  a  thousand  feet  thick  in  the  central  part  of  the  state.  Tlie 
Portage  group,  which  in  its  defined  limits  in  central  and  western 
New  York  has  a  thickness  of  one  thousand  feet  or  more,  is  scarcely 
represented  in  the  Mississippi  valley. 

The  Chemung  group,  to  which  in  New  York  I  would  not  attribute 
a  thickness  of  less  than  twelve  or  fifteen  hundred  feet,  is  often  rep- 
resented in  the  Mississippi  valley  by  some  thirty  to  fift}'  feet,  and 
sometimes  by  one  or  two  hundred  feet  of  shaly  sandstone  and 
beds  of  limestone.  These  formations  together  in  Pennsylvania 
have  a  thickness,  according  to  Professor  Rogers,  of  five  thousand 
feet  to  the  southwest. 

Now  regarding  the  formations  in  this  aspect  only,  we  should 
conclude  that  here  were  transverse  currents  carrying  materials  from 
the  east  to  the  west,  and  this  conclusion  was  reached  before  we  knew 
anything  of  the  structure  of  the  New  England  mountain  series, 
and  before  we  understood  as  we  now  do  the  geology  of  the  north- 
east. The  researches  of  Sir  William  E.  Logan  on  the  peninsula 
of  Gasp6  have  shown  that  the  equivalents^  and  in  fact  the  contin- 
uation of  these  groups,  as  a  part  of  the  Devonian  system,  have  an 
enormous  development  in  an  unaltered  state,  and  in  the  condition 
of  coarse  sediments  of  at  least  seven  thousand  feet  in  thickness 
and  with  a  southwesterly  trend. 

If  we  follow  the  line  of  trend  we  are  taken  along  the  direction 
of  the  White  mountains,  thence  into  Massachusetts  and  New 
York,  where  we  are  taught  that  higher  metamorphic  sediments 
overlie  authentic  Lower  Silurian,  until  we  find  that  the  unaltered 
and  undisturbed  Hamilton,  Portage  and  Chemung  groups  of  New 
York  are  but  the  prolongation  of  the  Gasp^  sediments  which  have 
become  /olded  and  metamorphosed  in  the  region  of  the  White 
mountains,  but  which  reappear  on  tiie  west  in  their  unaltered  con- 
dition and  highly  fossiliferous  character  as  soon  as  out  of  reach 
of  this  disorganizing  action  of  metamorphism. 

Instead,  therefore,  of  finding  here  any  neio  force  or  diverse 
transporting  currents,  we  have  simply  a  return  of  the  great  trans- 
porting agencies  of  the  Hudson  river  period,  from  the  same 
source  apparently  in  the  northeast,  and  prolonged  in  the  same 
direction  to  the  southwest,  parallel  and  coextensive  with  the 
Appalachian   chain.     The   finer  materials  were   spread  laterally 
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through  the  more  quiet  ocean,  till  they  nearly  disappear  by  thin- 
ning out  in  the  Mississippi  valley.  You  will  see,  gentlemen,  with 
what  an  enormous  amount  of  sedimentary  deposits  I  am  loading  the 
eastern  side  of  the  future  incipient  continent,  an  amount  too  great 
perhaps  for  credihilit}',  but  I  have  not  yet  done.  From  the  same 
source  and  in  the  same  direction  has  come  the  vast  amount  of 
seiUiiient  forming  the  Catskill  mountain  group,  with  the  capping 
conglomerate,  having  a  thickness  of  more  than  three  thousand 
feet  in  New  York  and  six  thousand  in  Pennsylvania,  while  the 
gitMip  has  entirely  thinned  out  before  reaching  the  western  limits 
of  llic  state,  and  no  vestige  is  known  of  it  in  the  Mississippi 
vallev. 

Beyond  this  are,^ccording  to  Professor  Rogers,  three  thousand 
feet  of  red  shale  at  the  base  of  the  coal  measures  and  extending 
parallel  to  the  Appalachian  chain.  The  origin  of  this  sjiale  has  not 
been  satisfactorily  traced  in  the  northeast,  but  there  is  no  difli- 
cnlty  in  finding  a  source  for  this  and  other  sedimentar}'  deposits 
of  the  Coal  Measures,  and  an  evidence  of  the  same  transporting 
force  in  the  fourteen  thousand  feet  of  Lower  Coal  Measures  found 
by  Sir  William  £.  Logan  to  exist  in  New  Brunswick. 

Now,  gentlemen,  I  am  satis^ed  I  have  wearied  your  patience 
too  much  in  these  details,  but  I  could  not  present  a  simple  con- 
clusion without  first  giving  you  the  data  in  full. 

I  have  shown  you  incidentally,  as  we  progressed,  that  the  Hud- 
son river  group  became  disturbed,  folded  and  upturned  before  the 
(le{)osition  of  the  Niagara,  and  still  more  before  the  deposition  of 
the  Lower  Ilelderberg  group  which  has  its  trend  parallel  to  this 
great  belt  of  formation,  and  which  lies  u[>on  the  upturned  edges  of 
the  Hudson  river  group,  from  6asp6  to  the  Highlands  of  the  Hud- 
eon. 

Indoe<l,  I  believe  the  origin  of  the  coarse  materials  of  the  Medina 
and  Clinton  groups  may  be  due  to  disturbances  among  the  preex- 
isting beds  of  the  Hudson  river  group,  and  probably  derived  from 
the  breaking  up  of  the  conglomerates  of  this  group  in  its  northern 
prolongation.  Sir  William  E.  Logan  has  likewise  proved  that  with 
the  commeDcemcnt  of  the  foldings  and  plications  of  these  lower 
strata  commenced  the  metamorphism  of  the  same.  And  here  I  can- 
not forbear  from  alluding  for  a  moment  to  the  views  of  *Mr.  Hunt 
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upon  metamorphism.  Laying  aside  all  assumption  of  causes 
not  known  to  exist,  and  ignoring  the  supposed  effects  of  that 
imaginary  nucleus,  he  has  proceeded,  from  known  and  demon- 
strated facts  derived  from  existing  conditions,  to  explain  most 
satisfactorily  certain  processes  in  metamorphism  ;  and,  instead  of 
appealing  to  an  unknown  source  for  the  ingredients  of  certain 
metamorphic  strata,  he  has  demonstrated  the  existence  of  the  same 
elements  in  the  unaltered  beds  which  are  known  to  be  of  the  same 
age  and  prolongations  of  the  same  strata. 

The  S3'stem  of  folding  and  plication  therefore,  which  has  been 
attributed  to  later  violent  action,  has  been  going  on  from  the  com- 
mencement of  the  Upper  Silurian,  and  though  its  later  phases  in- 
clude the  Coal  Measures,  it  has  nevertheless  be^n  produced  by  con- 
tinued action  from  a  long  anterior  period.  Nor  has  it  ceased  with 
the  coal,  but  I  believe  has  been  continued  in  a  less  degree  since 
the  deposition  of  the  sandstone  of  the  Connecticut  valley.  But 
even  for  one  moment  admitting  the  supposition  that  these  fold- 
ings and  contortions  have  been  for  the  greater  part  produced  at  a 
single  period,  let  us  inquire  whether  this  has  had  anything  to  do 
with  the  production  of  the  mountain  chain,  or  whether  this  sys- 
tem of  mountain-making  by  upheaval,  overturning,  etc.,  is  a  83-8- 
tem  of  mountain-making,  and  wjiether  rhetorical  eloquence  has 
not  made  us  believe  the  language  without  testing  the  facts.  I  must 
assert  that  it  has  nothing  at  all  to  do  with  it — that  so  far  at  least 
as  regards  our  mountain  chains,  the  principle  in  its  application  is 
false. 

You  have  seen  how,  age  after  age,  by  the  simplest  of  all  proc- 
esses, the  immense  sedimentary  deposits  have  been  transported 
and  distributed  along  the  line  of  our  great  eastern  mountain 
chains ;  and  with  the  accumulation  of  sediments  this  line  was  de- 
pressed time  after  time,  as  new  deposits  w^ere  piled  upon  it;  and 
now  at  the  end  of  the  Devonian  period,  or  at  the  end  of  the  Coal 
period,  has  the  whole  continent  been  raised  to  its  present  ele- 
vation. If  there  were  no  folding  or  contortion,  and  if  the  strata  of 
the  Alleghany  mountains  were  as  undisturbed  as  those  of  the 
great  plateau  of  the  west,  what  would  have  been  the  result? 
Simply  that,  instead  of  the  Appalachian  mountains  of  six  or  seven 
thousand  feet  in  height,  you  would  have  had  a  simple  stratified 
pile  of  more  than  twenty  thousand  feet  from  the  base  of  the 
Potsdam  to  the  summit  of  the  Devonian. 
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Bat  have  folding  and  partial  upheaval  along  mountain  chains 
nothing  to  do  with  the  grand  elevation  ?  1  reply,  nothing  at  all ; 
but,  on  the  contrary,  every  one  of  these  disturbances  lessens  the 
effect  and  degrades  the  elevation.  It  is  original  deposition  that 
not  only  gives  direction  to  our  mountain  chains,  but  amount  of 
deposition  that  determines  their  elevation  ;  or,  if  you  will  reduce 
It  to  the  simplest  terms,  we  may  state  that  elevation  is  clue  to 
deposition^  and  there  can  be  no  great  degree  of  elevation  without 
a  corresponding  amount  of  previous  deposition  of  sediments. 

Now  I  conceive  this  to  be  the  simplest  system  of  mountain- 
making  that  can  be  proijosed,  and  it  can  be  shown  to  be  appli- 
cable not  only  to  the  Appalachian  chain,  but  to  other  mountain 
ranges  of  our  continent. 

Let  us  see,  moreover,  whether  the  same  simple  principle,  spme- 
what  extended,  mny  not  be  applied  to  continent-making.  We 
admit  that  the  Appalachian  chain  has  given  mainly  the  eastern  out- 
line to  our  continent,  and  that  original  deposition  has  given  origin 
to  this  mountain  chain.  The  currents  of  the  palaeozoic  ocean  have 
determined  the  directions  of  these  sediments,  and  consequently  of 
the  mountain  ranges  and  the  outlines  of  the  continents. 

A  series  of  strata  similarly  deposited  by  an  ocean  current,  but 
nearly  at  right  angles,  mark  the  western  outline  of  our  continent ; 
and  though  modified  by  subsequent  depositions,  they  are  never- 
theless fundamentally  of  like  origin,  due  to  the  same  causes, 
giving  origin  to  a  mountain  chain  and  the  outline  of  a  continent. 

Now,  if  we  extend  our  observation  to  the  Mississippi  valle}-,  a 
thousand  miles  to  the  west,  where  we  have  essentially  the  same  set 
of  strata  as  those  forming  the  Appalachians,  we  find  no  mountain 
ranges.  I  shall  be  told  that  it  is  because  there  are  no  upheavals, 
but  this  is  not  known  to  be  true.  Several  axes  and  extensive  faults 
rross  the  valley  of  the  Mississippi  nearl)'  at  right  angles  to  the 
Appalachian  chain,  elevating  all  the  strata  from  Lower  Silurian  to 
Devonian.  Nevertheless,  though  the  strata  are  elevated  from  ten 
to  thirty  degrees,  they  produce  scarcely  a  perceptible  feature  in 
t.ie  prairie  country. 

Uplifting  has  not  produced  elevation,  but  has  rendered  the  strata 
liable  to  degradation,  by  breaking  or  weakening  them  along  the  line 
of  fracture  or  folding.  I  have  already  shown  that  the  groups  of 
sedimentary  strata  composing  the  Appalachian  chain  have  thinned 
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out  to  a  few  hundred  feet  at  most  on  the  Mississippi  and  there 
are  consequently  no  matenals  of  which  to  make  mountains  in  the 
great  Mississippi  plateau.  The  general  height  of  the  country 
gives  the  entire  elevation  produced  by  the  thickness  of  the  beds, 
and  there  can  be  no  more.  We  could  have  no  mountain  chains 
along  a  great  plateau  like  this,  however  much  the  strata  may  be 
folded  and  contorted,  unless  there  should  take  place  a  dislocation 
of  the  older  Laurentian  or  Huronian  rocks  from  below ;  and  al- 
though such  a  phenomenon  would  be  in  accordance  with  geologic 
theories^  respecting  the  upheaval  of  mountain  chains,  yet  I  sus- 
pect that  careful  search  would  prove  that  no  such  upheaved  chain 
of  mountains  exists  upon  the  surface  of  the  globe.  In  fact,  that 
the  upheaval  of  mountain  chains,  except  in  the  sense  that  the  ele- 
vation of  a  continent  is  upheaved,  has  never  taken  place.  In  this 
connection  let  me  offer  an  example  in  point  in  support  of  what  I 
have  said.  It  has  been  stated  that  the  White  mountains  are  com- 
posed of  accumulations  of  sedimentary  deposits  of  Silurian  and 
Devonian  age,  having  altogether  in  their  undisturbed  condition,  a 
thickness  of  from  fifteen  to  thirt}^  or  forty  thousand  feet  (or  more, 
if  I  follow  authority),  while  at  the  same  time  the  White  mountain 
chain  little  exceeds  six  thousand  and  the  Green  mountains  not 
more  than  four  thousand  feet  in  height.  Now  in  tracing  this 
mountain  chain  to  the  southward,  we  observe,  on  the  west  side  of 
the  Hudson  river  above  the  Highlands  (which  are  produced  b}'' 
an  area  of  older  rocks),  the  Catskill  mountains  reaching  an 
elevation  of  about  four  thousand  feet,  and  stretching  away  to  the 
westward  in  gradually  declining  isolated  hills.  These  have  been 
regarded  as  part  of  the  Appalachian  chain  but  they  have  nothing 
to  do  with  it  so  far  as  being  involved  in  the  disturbance  of  the 
strata.  They  stand  alone  as  an  isolated  group,  of  which  the  nearly 
horizontal  pile  of  strata  gives  this  great  elevation.  The  disturbed 
Hudson  River  group  makes  one  or  two  hundred  feet  of  their  base. 
Deposition  has  here  given  elevation  without  loss  or  degradation  by 
any  of  those  foldings  and  plications  which  are  supposed  to  lie  at 
the  foundation  of  mountain-making.  Had  the  strata  of  the  Green 
mountains  and  AYhite  mountains  remained" undisturbed,  and  in  the 
original  condition  of  deposition,  they  would  have  overtopped  the 
Catskills  by  several  thousand  feet. 

Original  deposition,  then,  directed  by  ancient  currents,  has  un- 
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qa€9tionab1y  deternaincd  the  direction  and  elevation  of  our  moun- 
tain chains. 

The  lime  on  this  occasion  will  not  aljow  me  to  extend  the  ap- 
plication of  the  same  principle  in  unravelling  and  explaining  com- 
plexities, that  nia}'  often  occur — wlien,during  the  depression  of 
a  continent  or  of  a  ix>rtion  of  it  which  may  afterwards  form  a 
mountain  chain,  transverse  or  diagonal  currents  may  cause  such 
an  amount  of  deposition  as  to  produce  a  great  complexity  of 
structure,  when  the  continent  shall  become  elevated. 

The  simplicity  of  the  North  American  continent  is  due  to  the  orig- 
inating causes  producing  the  direction  of  the  palseozoic  currents; 
while  a  large  part  of  the  eastern  side  has  not  been  subsequently 
submerged,  to  any  great  degree,  and  has  thus  escaped  the  causes  of 
complexity.  The  wide  extent  of  later  deposits  in  the  interior  of  our 
continent,  which  give  contour  to  that  portion,  was  in  a  great  de- 
gree paralleled  with  the  eastern  deposits.  The  forces  which  we 
say  have  rent  the  eastern,  the  central  and  the  western,  are  merel}^ 
the  vast  accumulations  of  material  which  become  elevated,  per- 
haps simply  from  the  great  accumulation,  thus  rendering  the  es- 
cape of  beat  from  the  interior  slow  or  impossible.  And  in  this 
statement,  it  must  not  be  forgotten,  that  the  central  portion  of 
our  continent,  and  some  parts  of  the  western  portion,  were  not 
continental,  but  submerged  areas,  till  after  the  Cretaceous  period, 
and  to  some  extent  also,  as  late  as  the  Tertiary  period ;  and  if 
these  have  greater  elevation  it  is  due  to  greater  deposition. 

Allhongli  it  is  not  necessary  to  introduce  the  Coal  Measure  de- 
posits into  the  Appalachian  system  for  the  purposes  of  explaining 
tbeir  elevation,  they  are  nevertheless  complicated  with  it,  in  a  great 
degree.  But  all  the  phenomena,  so  far  as  regards  folding  and  pli- 
cation, and  the  production  of  the  northern  mountains  as  well 
as  a  large  part  of  the  Appalachian  system,  do  not  include  the 
Coal  Measures  in  the  elevation.  On  this  account  I  would  call 
your  attention  to  some  facts  connected  with  the  deposition  of 
tbe  coal  formation  in  the  United  States.  But  before  proceeding 
to  do  so,  I  roust  dwell  for  a  moment  on  the  Carboniferous  lime- 
stones, or  those  great  calcareous  formations  which,  in  the  valley  of 
tbe  Mississippi  and  the  southwest,  lie  beneath  the  Coal  Measures. 

In  tracing  the  origin  of  our  sedimentary  formations  from  the 
northeast,  we  do  not  find  any  cessation  from  the  beginning  of  that 
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period  called  Devonian  till  we  come  to  the  Coal  Measures.  The 
whole  country  in  this  direction  would  seem  to  have  been  subraergeil, 
and  the  course  of  these  ancient  currents  to  have  continued  with 
little  interruption. 

In  the  Hamilton,  Portage  and  Chemung  groups,  we  first  find 
land  jylants  and  these  remains  increase  towards  the  northeast, 
while  they  are  rarely  or  never  known  in  these  formations  to  the 
west  of  the  limits  of  New  York.  In  Canada,  however,  similar 
plants  are  known,  and  the  account  of  a  specimen  in  the  collec- 
tions of  the  Survey,  published  by  Mr.  Dawson,  shows  that  dry 
land  may  have  been  near,  and  we  have  every  reason  to  believe  that 
dry  land  capable  of  producing  vegetation  did  first  appear  in  that 
direction  and  in  the  early  Devonian  period.  While  in  the  east,  the 
Catskill  mountain  rocks,  and  the  red  shale  beneath  the  anthracite 
Coal  Measures,  were  being  deposited,  we  have  in  the  west  no  rep- 
resentatives of  those  rocks ;  the  Carboniferous  limestones  begin- 
ning their  deposition  directly  upon  the  Chemung  group. 

The  condition  of  the  ocean  in  the  west  during  these  periods 
is  worthy  of  attention.  Upon  the  cessation  of  the  sediments  of 
the  Chemung  group,  commences  a  limestone  formation  of  great 
extent,  and  marked  by  numerous  species  of  fossils.  By  a  well-de- 
fined line,  this  lower  limestone  is  separated  from  a  succeeding  one, 
marked  by  a  wholly  distinct  set  of  fossils ;  while  its  greatest  de- 
velopment lies  to  the  south  of  the  area  of  greatest  development  of 
the  first.  In  the  same  manner  a  third,  less  strongly  defined  ;  and 
with  an  intermediate  sandstone  formation,  still  another  limestone 
succeed^  and  this  with  its  northern  limit  far  below  or  to  the  south 
of  the  first  and  second,  and  its  greatest  development  is  to  the 
southward  of  the  preceding  members. 

Now  the  simple  explanation  of  this  seems  to  be  that  the  sea,  in 
which  limestone  deposits  could  be  made,  was  contracting  on  the 
north  and  gradually  extending  to  the  south  and  southwest,  while 
we  have  evidence  to  prove  that  much  dry  land  existed  to  the  north, — 
evidence  which  I  shall  presently  attempt  to  show.  This  fact  of 
the  gradual  expansion  of  the  ocean  to  the  southwest,  and  its  con- 
traction on  the  north,  is  significant  when  taken  in  connection  with 
the  succeeding  formation  of  the  Coal  Measures ;  for  which  reason 
I  introduce  here  the  notice  of  these  facts. 
It  might  appear  unnecessary  while  so  much  has  been  written, 
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tod  80  well  written,  upon  the  subject  of  the  Coal  Measures  of  the 
United  States,  to  offer  anything  in  this  place,  but  I  believe  I  can 
present  one  or  two  points  of  interest  in  this  connection. 

I  have  already  called  your  attention  to  the  fact,  that  the  sedi- 
mentary materials  of  the  coal  formation  have  their  greatest  expan- 
sion to  the  northeast,  and  that  we  find  the  earliest  record  of  land 
plants  in  that  direction.  The  Coal  Measures,  as  a  whole,  though 
widely  expanded,  show  a  gradual  thinning-out  to  the  west  and 
southwest,  and  in  Iowa  and  Missouri  have  become  greatly  atten- 
uated as  compared  with  the  same  formations  in  Pennsylvania, 
Ohio  and  Kentucky. 

I  have  just  now  reverted  to  the  fact  that  on  the  north  and  west, 
we  have  evidence  of  dry  land,  or  of  land  raised  above  the  sea  pre- 
vious to  the  deposition  of  the  coal.  While  in  Pennsylvania,  Ohio, 
etc.,  the  Coal  Measures  apparently  rest  conformably  upon  the 
strata  below  them,  in  Iowa  and  Missouri  they  rest  unconform- 
ably  upon  the  rocks  below.  While  the  prevailing  dip  of  the  older 
rocks  is  to  the  southward,  there  are  nevertheless  numerous  faults 
and  axes  which  uplift  the  strata  in  a  (iirection  from  N.  W.  to  S.  E. 
or  at  right  angles  to  the  Appalachian  chain. 

lu  the  west  these  ancient  rocks  of  Lower  and  Upper  Silurian 
ami  of  Devonian  age  have,  previous  to  the  deposition  of  the  coal, 
presented  numerous  inequalities  of  surface,  partially  due  to  the 
broken  strata  produced  by  elevations  and  faults,  and  partially 
by  subsequent  denuding  action. 

In  Illinois,  Iowa  and  Missouri  we  find  the  Coal  Measures  spread 
borizontally  over  the  uplifted  edges  of  these  older  strata,  some- 
times barely  filling  the  depressions  and  inequalities  of  original 
surface,  giving  origin  to  numerous  little  circumscribed  basins, 
often  of  only  a  few  3'ards  in  extent.  And  not  only  do  we  have  the 
evidence  of  ancient  worn  and  unequal  surfaces  of  this  ancient  land, 
but  we  find  the  sand  mud,  and  carbonaceous  matter  often  filling 
fissures,  and  penetrating  into  ancient  caverns,  which  must  have 
been  worn  while  tliese  older  strata  were  near  to  or  above  the  level 
of  the  sea.  The  wearing  down  of  the  crests  of  low  axes,  and  the 
broken  margins  of  faults,  prove  the  existence  of  a  powerful  erod- 
ing action,  and  as  we  know  that  at  this  period  the  sea  was 
gradually  retreating  to  the  southward  and  the  land  rising  on  the 
north,  the  motion  of  the  abraded  materials  would  be  in  the  same 
direction. 
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There  are  other  plienomcna  connected  with  the  coal  period, 
which  are  of  much  interest.  In  Pennsylvania  and  Ohio,  we 
observe  several  intercalated  bands  of  calcareous  shale  or  ar- 
gillaceous limestone,  charged  with  marine  fossils,  thus  indica- 
ting that  the  area  of  the  Coal  Measures  was  sometimes  depressed 
beneath  the  sea.  These  bands  of  limestone  with  marine  fos- 
sils are  known  in  the  Coal  Measures  of  Ohio,  Illinois,  Iowa  and 
Missouri.  The  limestone  of  this  period  in  Missouri  has  been  usu- 
ally referred  to  the  Carboniferous  limestone,  not  recognizing 
these  beds  as  distinct  from  those  below  the  coal ;  and  it  was  not 
until  the  publication  of  the  Missouri  Report  that  Professor  Swallow 
clearly  indicated  the  position  of  the  beds  on  the  Missouri  River  as 
a  part  of  the  true  Coal  Measures. 

In  the  meantime  and  for  many  successive  ^^ears,  fossils  of 
Carboniferous  age  had  been  found  in  the  far  west  along  the 
Rocky  Mountain  range  from  as  far  north  as  Fort  Laramie  and 
the  Great  Salt  lake,  by  Capt.  Stansbury,  and  at  numerous 
intermediate  points  by  the  Pacific  Railroad  Surveys  and  other 
United  States  explorations,  and  on  the  Southern  Boundary  line 
and  ill  New  Mexico  by  the  Boundary  Commission.  Dr.  Roemer  also 
had  discovered  some  fossils  from  the  Carboniferous  limestone  in 
Texas.  We  had  therefore  a  knowledge  of  the  vast  extent  of  a 
limestone  along  the  Rocky  Mountain  range  from  latitude  43°  north, 
to  about  80°  south,  containing  fossils  referred  to  Carboniferous 
age,  and  the  rock  was  almost  by  common  consent  referred  to  the 
age  of  the  true  carboniferous  limestone  and  has  been  cited  as 
Lower  Carboniferous  limestone. 

Having  had  occasion  during  the  two  preceding  j'ears  to  give 
some  attention  to  the  rocks  of  Carboniferous  age,  and  more  par- 
ticularly during  the  past  year  to  a  comparison  of  the  fossils,  I  was 
surprised  to  find  that  some  of  these  southwestern  species  were 
identical  with  those  from  the  well-developed  carboniferous  lime- 
stone in  the  Mississippi  valley,  Iowa,  Illinois  and  Missouri  to  Ala- 
bama. Furthermore  a  careful  comparison  of  species  collected  by 
myself  many  years  since  from  the  limestones  of  the  Ohio  coal 
measures,  with  others  collected  by  Mr.  Nicollet,  Capt.  Stansbury 
and  by  Messrs.  Meek  and  Hay  den  from  the  limestones  of  the 
Missouri  river,  showed  a  most  positive  identity  of  species.  A  far- 
ther comparison  of  all  these  with  the  carboniferous  fossils  from 
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some  of  the  Pacific  Raili-oad  Surveys  and  those  of  the  Boundary 
Survey  proved  such  positive  identity  of  species  as  left  no  doubt 
that  all  the  limestones  of  the  southwest,  that  is,  in  the  approaches 
to  the  Rocky  Mountains  and  be3'ond  them,  are  of  the  age  of  the 
coal  measares.  A  later  comparison  of  the  collections  of  Marietta 
College  has  enabled  me  to  demonstrate  the  identity  of  several  of 
the  species  described  b}'  Dr.  Hildreth  with  those  of  the  sonthwest, 
and  it  may  be  unnecessary  to  add  that  these  are  Coal  Measure 
fossils. 

These  limestones,  then,  of  the  southwest,  spreading  over  an  area 
many  times  as  large  as  all  the  Coal  3ieasures  of  the  remainder  of 
the  United  States,  are  the  greater  development  of  those  thin  bands 
of  limestone  with  marine  fossils  that  mark  certain  lines  in  the  Coal 
Measures  of  Ohio,  etc.  These  bands  of  limestone,  from  insignifi- 
cant be<l3  of  a  few  feet  in  thickness,  have  extended  to  several 
thousand  feet  in  thickness  and  mark  great  lines  of  mountain  ranges, 
and,  lying  often  nearly  horizontal  or  dipping  at  various  low  angles, 
present  vast  cliffs  along  mountain  passes  towering  thousands  of 
feet  above  the  plain  below.  And  these,  gentlemen,  are  lime- 
stones of  the  Coal  Measures,  while  the  productive  Coal  Measures 
are  unknown  over  this  vast  region.  With  what  propriety,  then,  can 
we  say  that  the  coal  period  is  preeminently  the  period  of  vegeta- 
tion, as  is  done  to  sustain  a  theory  that  it  marks  one  day  in  the 
creation  of  the  world,  or  to  sustain  another  view  that  coal  vegeta- 
tion gives  the  character  to  the  entire  palaeozoic  series? 

I  regret,  gentlemen,  that  I  cannot  bring  you  some  very  brilliant 
theoretical  result  from  all  these  data;  but  the  very  simple  ex- 
planation of  all  is,  as  I  have  shown  you  step  by  step,  that  the  north- 
easterly portion  of  our  continent  was  either  already  dry  land,  or 
iras  just  rising  from  beneath  the  water  at  this  period  ;  that  as  low 
ground  just  emerging  from  the  ocean,  and  at  intervals  deluged  with 
sand  and  mud  and  lying  little  above  the  water  level,  it  sustained  a 
luxuriant  growth  of  vegetation ;  while  the  gradually  retreating 
ocean  still  spread  over  by  far  the  largest  proportion  of  the  continent 
on  the  west  and  southwest.  The  accumulated  reefs  of  limestone, 
three  thousand  feet  in  thickness,  attest  the  long  period  of  quiet,  and 
freedom  from  irruptions  of  sedimentary  matter  upon  these  regions. 
At  intervals  the  unstable  position  of  the  newly  made  dry  land  per- 
mitted the  incursions  of  this  southwestern  ocean,  in  a  shallow  ex- 
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pansion  over  the  great  Coal  Measure  area,  onlj'  to  return  again, 
upon  the  gradual  elevation  of  the  surface,  and  thus  once  more 
to  become  a  low  land  fitted  for  the  production  of  plants. 

This  subject  followed  out  promises  us  some  of  the  most  interest- 
ing and  beautiful  results,  and  will  show  us  how  the  librations  of 
the  surface  have  been  connected  with  the  destruction  and  repro- 
duction of  the  successive  floras  of  the  coal  period. 

There  are  numerous  interesting  generalizations  arising  legiti- 
mately from  the  facts  I  have  brought  before  you,  but  of  which  time 
will  not  permit  a  jiotice.  In  no  direction,  however,  more  intimately 
than  in  that  of  palaeontology,  do  these  facts  and  physical  deductions 
point  to  interesting  and  important  conclusions.  Tliere  is  one  fact, 
which  in  this  connection  I  cannot  omit,  in  regard  to  the  fossils  in 
these  intercalated  beds  of  limestone  in  the  Coal  Measures,  and 
this  is — that  they  are  species  of  the  same  genera  and  many  of 
them  of  allied  forms  to  those  characteristic  of  the  limestones 
below  the  Coal  Measures,  or  of  the  Devonian  and  Silurian  lime- 
stones ;  showing  conclusively  that  the  condition  of  the  ocean  did 
not  essentially  vary  through  this  long  period,  and  the  only  differ- 
ence between  the  coal  period  and  that  of  the  preceding  was  that 
there  was  a  larger  area  of  dry  land  giving  origin  to  the  great  growth 
of  vegetation  of  that  period.  Moreover,  the  large  area  of  this 
ocean  formation,  characterized  bv  a  marine  fauna  of  the  same 
period,  compared  with  the  relatively  small  extent  of  the  areas  of 
carbonaceous  matter  and  terrestrial  vegetation,  shows  that  so  far 
from  being  essential,  they  are  rather  incidental  conditions  of  the 
Carboniferous  period. 

CONCLUSION. 

In  the  progress  of  the  earth  from  the  beginning  of  animal  life 
to  the  present  time,  we  are  but  watching  the  progress  of  an  ocean 
bed  to  its  final  development  as  a  continent, —  and  for  the  most 
part,  every  step  has  been  one  of  progress  towards  the  present  con- 
dition. Whenever  any  portion  of  this  ocean  bed  has  been  raised 
above  the  surrounding  sea,  land  plants  have  taken  possession 
of  that  portion.  If  it  has  remained  long  enough  above  the  surface, 
land  animals  have  become  its  denizens.  As  a  matter  of  course, 
the  higher  land  animals  did  not  first  appear,  for  even  now,  simi- 
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larly  situated  lands  do  not  sustain  the  higher  organizations. 
The  occurrence  of  mammalia  in  the  Jurassic  period  is  no  more 
irrelevant  to  that  period,  than  the  occuiTence  of  plants  in  the  coal 
period.  It  is  a  fact  perfectly  in  accordance  with  all  the  rest  of  our 
legitimate  information,  that  the  organic  conditions  have  alwa3'8 
been  coincident  with  the  physical  conditions. 

Geolog}',  if  we  would  let  alone  grand  theorizing,  is  a  simple 
and  beautiful  8tnd3%  in  which  we  see  everything  evolved  naturally 
and  harmoniousl}',  without  at  any  time  great  and  sudden  changes. 
We  remark  those  changes  as  one  who  having  viewed  a  city  in  its 
progress,  should  fall  asleep  for  a  century  and  afterwards  behold 
the  difference.  But  to  one  who  could  have  seen  stone  laid  upon 
stone,  and  each  edifice  completed  singly,  it  would  have  had  but 
the  aspect  of  natural  and  quiet  progress.  , 
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Pagb  37.  The  gneiss  cited  as  Laurentian  and  containing  bowlders  of 
preexisting  gneiss  I  have  seen  in  the  region  of  Lake  Superior,  and  they 
were  referred  to  the  Laurentian  age  on  the  authority  of  Sir  W.  E.  Logan. 
I  am  informed  by  Dr.  T.  Sterry  Hunt  that  these  masses  are  of  Huronian 
age  and  carry  boulders  of  stratified  Laurentian  gneiss.  Although  this 
shows  that  we  have  carried  back  the  stratified  gneiss  only  to  the  Laurentian 
period,  it  proves  nothing  in  favor  of  a  granitic  nucleus  nor  of  extruded 
granites  of  igneous  origin. 

Page  41.  A  comparatively  quiet  condition,  during  a  large  portion  of 
the  period  of  its  accumulation,  is  indicated  by  the  uniform  fine-grained 
character  of  the  quartzose  sand,  which  extends  over  large  areas.  The 
tracks  of  Crustaceans,  found  by  Sir  William  E.  Logan  upon  certain  surfaces 
of  this  rock  in  Canada,  appear  to  have  been  at  about  the  same  level  along 
the  strike  of  the  formation  for  400  miles.  The  deposit  was  evidently  made 
in  shallow  water,  and  from  the  mark  of  a  wind-ripple  found  upon  the  sur- 
face in  connection  with  these  tracks  at  one  locality,  it  is  evident  that  the 
sand  had  been  laid  bare  at  the  ebb  of  tide. 

The  formation  in  Canada  has  a  thickness  of  from  70  to  600  feet,  and  an 
extent  of  a  thousand  miles  flanking  the  Laurentides  from  Bell  isle  to  its 
extreme  southwestern  extension  in  the  Province.  '*The  hills,  at  no  very 
great  distance  from  the  outcrop  of  the  Potsdam  formation,  rise  to  heights 
varying  from  500  to  4000  feet ;  and  while  the  sand  at  their  base  lay  between 
the  ebb  and  flood  tide,  the  flank  of  the  Laurentian  mountains  must  have 
formed  the  coast  of  the  Lower  Silurian  sea.  As  has  already  been  stated, 
these  hills  extend  from  Labrador  to  the  Arctic  Ocean,  and  we  can  thus 
trace  out  the  ancient  limit  of  the  ocean  for  3500  miles." 

This  formation  extends  southward  through  New  York,.  Pennsylvania, 
Virginia,  and  notably  through  Tennessee,  and  occurs  flanking  the  older 
metamorphic  rocks  in  Texas.  The  formation  is  extensively  developed  in 
the  States  bordering  the  upper  Mississippi  and  in  the  upper  Lake  Region. 
It  likewise  constitutes  an  important  feature  in  the  Geology  of  the  Black  Hills 
country. 

The  character  and  thickness  of  the  formation  in  New  York,  along  the 
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eastern  flank  of  the  Adirondacks,  is  similar  to  that  existing  in  Canada.  In 
the  Mohawk  Vallej-  at  the  southern  extremitj-  of  the  Laurentian  gneiss  it 
is  often  scarcely  recognizable,  and  never  attains  more  than  a  few  feet  in 
thickness  in  any  of  the  exposures.  In  Pennsylvania  the  maximum  thick- 
ness of  the  formation  is  from  2500  to  3000  f^et,  while  in  some  localities  its 
thickness  does  not  exceed  twenty-five  feet:  —  this  variation  being  due,  in 
some  degree  at  least,  to  the  original  inequalities  of  the  sea  bottom. 

In  Tennessee,  according  to  Professor  Safford,  the  Potsdam  group  has  a 
thickness  of  more  than  20,000  feet;  but  this  includes  the  conglomerates 
below  and  the  magnesian  limestones  above. 

The  source  of  the  Sandstone  flanking  the  Adirondacks  has  been  attrib- 
uted to  the  subjacent  Laurentian  gneiss,  and  it  has  been  suggested  that 
long  continued  trituration  has  broken  up  and  separated  the  mica,  horn- 
blende, etc.,  which  have  been  floated  away,  leaving  only  the  siliceous 
grains  to  form  the  great  deposit.  It  may,  however,  be  questioned  whether 
the  gneiss  has  been  the  chief  source  of  material.  In  the  great  conglom- 
erate or  breccia  (for  the  fragments  are  mostly  angular),  at  the  base  of 
the  Potsdam  on  the  southeastern  flank  of  the  Adirondacks,  the  fragments 
of  gneiss  are  few  and  small,  and  the  greenish  material,  which  may  have 
been  derived  from  the  mica  and  hornblende,  is  in  small  proportion.  By 
far  the  largest  constituent  of  the  mass  is  of  quartzite,  corresponding  with 
a  similar  material  found  in  many  places  lying  upon  the  gneiss,  and 
sometimes  referred  to  the  Potsdam,  while  in  some  localities  it  appears  to 
have  mor«  intimate  relations  with  the  gneiss  below. 

Fragments  of  feldspar  are  sometimes  found  embedded  in  this  conglom- 
erate, and,  in  the  more  interior  localities,  a  larger  proportion  of^ragments  is 
evidently  derived  from  the  underlying  gneiss  rock.  In  Tennessee,  Profes- 
sor Saflford  represents  the  lower  portions  as  **  coarse  gray  conglomerates, 
talcose,  chlorite  and  clay  slates,  repeatedly  interstratified,  all  having  a  semi- 
metamorphic  aspect."  But  it  should  be  recollected  that  the  adjacent 
metamorphic  rocks  may  be  of  newer  age  than  the  Laurentian.  Again  "the 
pebbles  are  quartz  and  feldspar  mainly,  generally  rounded,  but  sometimes 
more  or  less  angular."  The  conglomerate  **  usually  contains  more  or  less 
chloritic  and  talcose  matter  in  its  interstices." 

Along  lines  of  the  most  active  erosion,  no  large  deposits  are  made,  and 
those  which  are  made  are  of  a  coarse  character ;  the  great  accumulation  is 
just  outside  of  the  limits  of  the  most  active  forces. 

The  underlying  conglomerate  or  breccia  is  widely  disseminated,  having 
a  greater  thickness  at  the  south  (in  Tennessee)  than  in  the  north.  This 
may  be  accounted  for  by  the  gradual  subsidence  of  the  entire  continent, 
or  the  eastern  portion  thereof.  The  deposition  of  sediments  apparently 
began  at  the  south,  coincident  with  the  subsidence,  and  there  was  a  recur- 
rence of  similar  conditions  during  the  whole  period  of  depression,  so  that 
at  the  base  we  have  a  conglomerate  which  is  followed  by  a  sandstone ;  and 
in  Tennessee,  where  the  subsidence  was  greatest  and  farthest  removed 
from  the  final  source  of  sediments,  we  have  the  greatest  thickness,  and 
the  uppermost  beds  are  shales,  indicating  deep  water  and  distant  source  of 
material. 

In  the  original  nomenclature  the  term  Potsdam  sandstone  included  con- 
glomerates and  quartzites  resting  on  the  Laurentian  gneiss,  with  the  sand- 
stones above  these,  to  the  base  of  the  calciferous  sandstone  (magnesian 
limestone).  It  has  been  found,  however,  in  some  localities,  that  there  is  a 
gradual  passage  from  the  Potsdam  to  the  calciferous ;  and  above  the  latter 
a  repetition  of  the  pravious  conditions  in  the  deposition  of  a  fine  grained 
sandstone  in  the  northwest  known  as  the  St.  Peter's  sandstone ;  while  in 
Missouri  there  arc  several  alternations  of  sandstone  and  magnesian  lime- 
stone, showing  that  similar  conditions  were  recurrent  to  the  close  of  the 
series. 

It  seems  pretty  clear,  therefore,  that  while  the  magnesian  limestone  was 
being  deposited  in  mid-ocean  there  may  have  been  a  deposition  of  siliceous 


BT  JAMES   HALL.  65 

land  along  the  coast  line  or  littoral  zone,  ^ving  a  continuous  series  of 
sandstone  layers,  or,  as  sometimes  occurs,  with  thin  calcareous  interlami- 
nations.  We  can  conceive  it  possible  that  the  Potsdam  fauna  maj  have 
lingered  along  the  shore  lines,  even  after  the  close  of  the  deposition  of  the 
magnesian  limestone. 

In  Tennessee,  Professor  Safford  includes  all  these  in  the  Potsdam  group, 
recognizing  three  divisions;  the  lower  division  of  conglomerates  and 
slates;  the  middle,  the  Chilhowe  sandstone,  with  intercalated  beds  of  dolo- 
mite; the  upper  including  the  Knox  shale  and  the  Knox  dolomite  which 
closes  the  series.  The  whole  constitutes  a  series  of  deposits  most  naturally 
grouped  together,  as  belonging  to  a  single  geological  period,  and  they  are 
represented  aa  conformable  throughout,  and  are  equally  involved  in  the 
later  movements  which  have  folded  and  plicated  the  mass  as  shown  in  the 
iDoantain  exposures.  The  series,  wherever  of  considerable  thickness  and 
exposure,  is  susceptible  of  subdivision,  and  Dr.  Owen  suggested  a  triple 
division  of  the  mass  below  the  magnesian  limestone  in  the  upper  Missis- 
sippi Valley,  while  a  different  subdivision  is  applicable  to  Missouri.  Thus 
far  no  one  has  successfully  attempted  the  correlation  of  the  subdivisions 
recognized  in  different  parts  of  the  country. 

The  relations  of  the  fossiliferous  beds  at  Troy,  N.Y.,  referred  to  the 
lower  Potsdam,  have  never  been  satisfactorily  determined.  It  is  a  matter 
of  mere  conjecture.  The  fossils  are  from  calcareous  masses  embedded  in 
slates  whose  age  and  relations  are  unknown  and  which  in  fact  cannot  now 
be  separated  from  those  of  the  adjacent  Hudson  River  group.  Therefore  it 
is  unsafe  to  attempt  to  correlate,  with  these  beds,  strata  in  other  por- 
tions of  the  country. 

(3)  Page  ^2.  The  northeastern  source  of  the  mechanical  sediments  has 
been  questioned  by  several  writers.  The  greater  thickness  of  many  of  the 
formations  in  Pennsylvania,  than  to  the  northward,  has  induced  Professor 
Lesley  to  infer  that  the  source  of  sediments  has  been  in  the  southeast, 
instead  of  the  northeast  as  I  have  suggested.  By  northeast  I  would  be 
understood  to  mean  northeast  of  the  centre  of  the  Appalachian  chain. 
The  rapid  attenuation  of  all  the  sedimentary  deposits  above  the  Potsdam, 
to  the  south  of  Maryland,  and  the  increasing  proportions  of  the  calcareous 
formations  in  the  same  direction,  seem  to  me  to  indicate  that  the  great 
source  of  sedimentary  deposits  was  to  the  north  and  northeast.  In  the 
southwestern  continuation  of  the  Hudson  River  group  we  find  it  passing 
gradually  into  calcareous  material.  Taking  the  entire  series  from  the 
base  of  the  Hamilton  to  the  top  of  the  Catskill,  including  the  upper 
member  or  Pocono  sandstone,  embracing  altogether  a  thickness  of  more 
than  10,000  feet,  we  find  the  whole  represented  in  Tennessee  by  a  few 
hundred  feet  of  strata.  At  the  north  the  strata  of  the  Hudson  River, 
Medina,  Clinton,  Hamilton,  Portage  and  Chemung  groups  are  lacgely 
arenaceous ;  while  in  the  south  the  corresponding  formations  except  the 
upper  ones  are  mostly  calcareous.  Had  the  source  of  the  sediments  been 
from  the  south,  we  should  have  to  assume  that  the  coarse  deposits  were 
made  at  a  great  distance  from  this  source  and  that  they  were  transported 
across  a  lar^e  area  which  now  preserves  only  the  evidence  of  gentle  forces 
and  open  sea  accumulation.  It  would  seem,  therefore,  that  this  proposition 
is  neither  necessary  nor  satisfactory,  and  that  the  source  of  sediments  was 
probably  from  the  north  or  northeast. 

Pages  44,  45.  In  1857  ^^®  Canadian  Survey  had  recognized  the  entire 
belt  of  slates,  sandstones  and  conglomerates  on  the  southeast  side  of  the 
St  Lawrence,  including  also  a  considerable  proportion  of  the  metamorphic 
rocks  farther  to  the  eastward,  as  of  the  Hudson  River  age,  and  the  subject 
was  thus  treated  in  the  address.*  Subsequent  investigations  proved  a  large 
proportion  of  this  area  to  be  of  older  formation,  but  notwithstanding  this 

*  ^nL  Rogen,  and  other  gedogists,  had  before  this  time  recognized  the  metamorphic  rocks  of  New 
y-egland  as  of  pabeozoic  agp. 
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fact,  the  reasoning  regarding  Anticosti  and  its  relations  still  remains  cor- 
rect. The  island  is  a  mass  of  strata  in  which  calcareous  matter  prevails  to 
the  exclusion  of  coarser  sediments. 

Owing  to  the  more  northerly  trend  of  the  Laurentides  from  the  Pt.  dc 
Monts,  a  wide  space  to  the  northeast  has  been  occupied  by  the  ancient 
palaeozoic  ocean  in  which  were  deposited  the  several  members  of  the  series 
from  the  calciferous  to  the  Niagara  inclusive,  in  quiet  succession. 

The  intermediate  space  between  Anticosti  and  the  Mingan  Islands  on 
the  north  has  been  occupied  by  the  upper  part  of  the  Birdseye  and  Black 
River  limestones,  and  by  the  Trenton  limestone  proper,  the  Utica  slate 
and  lower  part  of  the  Hudson  River  group ;  the  upper  members  of  the  latter, 
to  nearly  looo  feet  in  thickness,  forming  the  northern  shore  of  Anticosti. 
This  gives  to  the  lower  formations,  from  their  base  to  the  top  of  the  Hud- 
son River  group,  a  thickness  of  more  than  2600  feet.  A  large  part  of  the 
island,  however,  is  composed  of  the  succeeding  fonnations.  The  Anticosti 
group  consists  of  representatives  of  the  Medina,  Clinton  and  Niagara 
groups,  but  these  are  everywhere  calcareous,  having  a  maximum  thickness 
of  nearly  1400  feet. 

The  sequence  of  open  sea  deposits  of  this  region,  from  the  Trenton  to 
the  Niagara  groups,  has,  therefore,  apparently  been  mors  complete  and  less 
interrupted  than  at  any  other  point  within  our  knowledge.  Unfortunately, 
the  hiatus  between  the  Mingan  Islands  and  Anticosti  leaves  us  without 
positive  knowledge  of  the  nature  of  the  deposits  in  this  interval.  The 
coarser  sediments  of  the  Hudson  River  group,  in  its  typical  localities,  occur 
in  th«  upper  part  of  the  series,  and  since  here  w«  have  the  higher  portion 
of  the  group  represented  by  nearly  1000  feet  of  calcareous  beds,  it  is  fair  to 
infer  that  it  may  have  been  calcareous  throughout.  In  its  physical  aspect 
as  well  as  in  its  fossil  contents,  the  Hudson  River  group  at  Anticosti  is  com- 
parable with  the  series  of  the  same  age  in  Ohio  and  Indiana,  the  northern 
part  of  Kentucky  and  in  Tennessee. 

Crossing  from  Anticosti  to  the  peninsula  on  the  south  side  of  the  St. 
Lawrence,  we  find  the  Hudson  River  group  represented  in  its  finer  and 
coarser  sedimentary  deposits  as  known  in  its  typical  localities,  and  here  as 
well  as  at  Montmorenci  near  Qtiebec  and  elsewhere,  complicated  with  the 
older  slates,  sandstones,  etc.,  of  the  Quebec  group.  From  Gasp^,  there- 
fore, by  the  south  side  of  the  St.  Lawrence  to  Quebec,  and  thence  to 
Montreal  and  by  Lake  Champlain  and  the  Valley  of  the  Hudson  to  the 
Highlands  of  New  York  and  through  New  Jersey,  and  Pennsylvania  to 
Virginia,  we  have  this  belt  of  sedimentary  strata,  usually  more  or  less  dis- 
turbed and  complicated,  and  sometimes  partially  metamorphosed,  but 
always  wvll-marked  and  clearly  distinguishable  over  an  extent  of  outcrop 
of  nearly  1500  miles. 

Page  46,  Iff  3,  4.  Of  late  the  question  has  been  raised  regarding  the  un- 
conformability  of  the  Niagara  group  and  subsequent  formations,  to  the 
rocks  of  the  Hudson  River  group  below,  and  consequently  the  date  of  the 
foldings  and  plications  of  the  latter  have  been  controverted  by  geological 
writers.  The  original  idea  of  unconformability  was  maintained  by  Rogers 
and  Mather  of  the  N.  Y.  Geological  Survey  while  Emmons  in  one  case 
explains  the  apparent  want  of  conformity  as  due  to  faulting,  while  he  gives 
another  section  showing  conformability.  Sir  W.  E.  Logan  everywhere 
maintained  the  nonconformability  of  these  formations.  I  have  held  this 
view  from  my  own  investigations,  though  expressing  some  doubt  in  a  sin- 
gle instance,  but  I  have  no  longer  any  hesitation  in  my  own  mind  regard-: 
ing  the  matter,  for  wherever  there  may  be  apparent  conformability  \\.  can 
only  be  delusive. 

At  St.  Helen's  island  near  Montreal,  and  elsewhere,  the  limestones  of 
the  Lower  Helderberg  rest  unconformably  upon  the  inclined  and  eroded 
edges  of  the  Utica  slate  or  other  lower  members  of  the  Hudson  River 
group,  with  an  intervening  conglomerate  in  which  are  found  pebbles  of 
Trenton  limestone,  Utica  and  Lorraine  shales.    The  entire  superficies 
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of  the  vallej  had  been  eroded  previous  to  the  deposition  of  this  Lower 
Helderberg  limestone.  Numerous  localities  along  the  Hudson  River 
vailev  present  evidences  of  want  of  conformity  between  beds  of  the  Hud- 
fon  kivcr  group  and  those  of  the  succeeding  formations.  Those  which 
have  been  chiettv  cited  are  Rondout  and  Catskill  or  between  these  two 
places  on  the  wes^t  side  of  the  Hudson,  and  Becraft's  mountain  on  the  east 
side.  The  more  conspicuous  sections  are  near  Rondout,  but  one  of  the 
most  interesting  occurs  at  Austin's  Mill  near  Catskill.  At  this  locality  the 
general  aspect  of  the  section  presents  an  appearance  of  conformability 
between  the  formations  below  and  those  above.  A  critical  examination, 
of  the  line  of  contact,  however,  presents  not  only  distinct  discordance  of 
the  beds,  but  in  one  place  the  line  of  junction  is  marked  by  a  thin  stratum 
of  grit  with  rounded  pebbles  separating  the  sandstone  of  the  Hudson  River 
group  from  some  calcareous  layers  of  the  age  of  the  Niagara  group.  This 
point  is  in  the  frough  of  a  synclinal  and  the  lines  of  stratification  are  essen- 
tially parallel.  At  another  place  in  the  same  exposure  near  the  edge  of  the 
synclinal  are  presented  the  upturned  edges  of  the  Hudson  River  sandstones 
and  shales,  succeeded  by  a  thin  band  of  grit  and  breccia ;  and  upon  this  rests 
a  soft  magncsian  limestone  of  the  age  of  the  Onondaga  Salt  group,  suc- 
ceeded by  the  haydraulic  limestone  and  members  of  the  Lower  Helderberg 
series. 

The  apparent  conformity  in  many  cases  is  an  illusion;  for,  although  the 
successive  beds  may  appear  to  be  in  accordance,  so  far  as  bedding  is  con- 
cerned, a  more  careful  examination. may  show  that  the  strike  of  the  one 
cross^es  that  of  the  other,  as  is  seen  in  the  exposure  at  Austin's  Mill,  where 
the  divergence  of  strike  between  the  Hudson  River  strata  and  super- 
imposed formations  is  at  least  thirty  degrees  at  one  point  on  the  edge  of 
the  synclinal. 

It  should  be  noted  that  in  the  greater  number  of  junctions  described, 
between  the  Lower  Helderberg  and  Hudson  River  groups,  the  limestones 
of  the  former  group  are  often  found  resting  on  the  shales  and  slates  which 
characterize  the  middle  and  lower  members  of  the  Hudson  River  series, 
while  the  upper  arenaceous  beds  of  the  group  are  wanting.  Nor  would 
ab>olute  contact  and  parallelism  of  beds  in  this  case  prove  conformity  of 
structure.  It  is  quite  impossible  that  complete  conformity  should  exist 
between  the  beds  of  the  Hudson  River  group  and  any  portion  of  the 
Niagara  or  Onondaga  group,  in  the  absence  of  the  entire  series  of  the 
Medina  sandstone  nuirls  and  the  shales  of  the  Clinton  group ;  and  when  it  is 
proposed  to  bring  the  members  of  the  Lower  Helderberg  into  parallelism 
with  the  Hudson  River  group,  the  absence  of  several  thousand  feet  from  the 
baM?  of  Medina  to  the  top  of  the  Salt  group  shows  the  impossibility  of  such 
conformity.  Unfortunately,  the  absolute  junction  of  the  two  formations 
has  rarely  been  carefully  sought  —  where  a  few  inches  of  conglomerate  or 
breccia  may  repfesent  the  interval  between  the  close  of  the  Hudson  River 
and  the  beginning  of  the  Helderberg  period  —  an  interval  of  thousands  of 
feet  in  thickness  and  ages  in  time. 

The  beginning  of  the  disturbance  was  at  the  close  of  the  Hudson  River 
period  and  the  great  thickness  and  extent  of  the  red  marls  of  the  Medina 
indicate  that  the  deposit  was  not  made  in  an  open  sea.  A  vast  interval 
^parates  the  Lower  Helderberg  from  the  Niagara.  The  whole  Onondai^a 
period  with  its  marls  and  dolomites  of  one  or  two  thousand  feet  in  thick- 
ness is  interposed.  The  open  sea  was  shut  oiTand  a  region  with  salt  lakes 
spread  over  the  formations  of  the  preceding  ocean  area  for  a  thousand 
miles  to  the  westward  (as  now  evidenced  in  its  salt  and  gypsum  beds), 
while  thinning  out  on  the  east.  Over  this  eastern  outcrop  and  far  eastward 
swept  the  Lower  Helderberg  Sea,  which  laid  down  the  limestones  in  the 
valley  of  the  St.  Lawrence,  on  thefla«ks  of  the  Beloeil  mountains,  east  of 
Montreal  and  from  Gasp^*  by  Maine,  New  Hampshire  and  Vermont,  and 
from  New  York  to  Tennessee.     The  break,  shown  by  all  these  phenomena, 

*  Th«  Umestone  in  Gaspe  is  aooo  feet  thick. 
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ending  in  the  unconformable  spread  of  Lower  Helderberg,  alike  over  the 
filled  up  Onondaga  basins  and  uncovered  Niagara  and  Hudson  River  groups 
in  eastern  New  York ;  over  eroded  Utica  slate  in  eastern  Canada,  and  over 
older  crystalline  rocks  from  New  England  to  Gaspd,  marks  the  first  great 
geological  revolution  from  Potf>dam  time. 

■  Pages  49-51.  The  term  trend  of  the  formations  was  used  to  indicate, 
as  far  as  known,  the  line  of  greatest  accumulation  or  the  line  of  transport 
of  the  material.  Since  this  knowledge  is  derived  from  the  outcrops,  and 
much  intermediate  ground  remains  unexplored  beneath  superincumbent 
formations,  it  has  been  urged  that  the  inferences  may  not  always  be  tech- 
nically correct;  but  I  do  not  conceive  it  probable  that  any  erroneous  con- 
clusions of  importance  are  likely  to  result  from  such  statements  of  the  fact, 
—  at  least  the  actual  outcrops  furnish  more  reliable  information  than 
any  system  of  hypothesis. 

The  Oriskany  sandstone,  from  Gasp^  to  Virginia  in  its  trend  or  line  of 
greatest  deposition,  is  essentially  parallel  to  the  Lower  Helderberg.  In 
New  York  it  extends,  as  a  marked  formation,  farther  west  than  the  Lower 
Helderberg,  and  is  also  found  in  Canada  West.  Both  the  Oriskany  sand- 
stone and  Lower  Helderberg  group  are  known  in  southwestern  Illinois. 
The  eastern  extension  of  the  Oriskany  is  overlaid  by  the  CaudagalH  and 
Schoharie  grits.  In  central  and  western  New  York  these  formations  are 
absent,  and  the  Oriskany  was  exposed  to  eroding  influences  during  the 
time  of  their  deposition,  and  until  the  beginning  of  the  deposition  of  the 
Corniferous  limestone.  Through  the  central  and  western  part  of  New 
York  the  Oriskany  sandstone  is  found  filling  scattered  depressions  of 
limited  extent  in  the  preceding  formations.  Sometimes  the  lower  beds 
of  the  Upper  Helderberg  group  contain  rounded  and  angular  fragments  of 
this  sandstone,  showing  conclusively  that  there  was  considerable  erosion 
of  the  strata  below,  previous  to  the  formation  of  the  limestone. 

The  sandstone  is  unknown  (except  as  small  isolated  patches  or  nodules, 
or  as  fragments  embedded  in  the  limestone  above)  between  Seneca  Lake,  in 
central  New  York,  and  the  Niagara  River,  and  yet  near  Cayuga,  in  Ontario, 
after  an  interval  of  200  miles,  there  are  outliers  of  the  rock  yielding  an 
abundance  of  the  characteristic  fossils  of  the  formation.  It  is,  therefore, 
fairly  inferred  that  the  absence  of  this  rock  in  many  places  may  be  due  to 
erosion,  while  the  remaining  evidences  of  its  existence  might  readily  be 
overlooked. 

Page  55.  The  Address  has  been  facetiously  criticised  as  proposing  a 
system  of  mountain  making  with  the  mountains  left  out.  The  Address 
was  not  intended  to  propose  any  system  of  mountain  making,  but  to  show 
that  n:K>untain  ranges  were  coincident  with  lines  of  great  sedimentary 
accumulation.  That  this  accumulation  of  sediments  with  its  subsidence 
and  consequent  folding  and  plication,  and  the  subsequent  elevation  of  the 
mass  and  erosion  of  the  anticlinals,  had  shaped  the  moiintains ;  that  no 
mountain  elevations  could  take  place  where  the  sediments  composing  the 
area  were  thin;  and  that  the  mountain  elevations  were  never  equal  to  the 
vertical  thickness  of  the  strata  composing  them.  I  intended  to  imply  that 
mountain  elevation  was  due  to  sedimentary  accumulation  and  subsequent 
contmental  elevation — trusting  to  the  intelligence  of  my  hearers  and 
readers  to  interpret  my  suggestions. 

From  various  sources  giving  the  thickness,  I  stated  that  the  maximum 
of  the  palaeozoic  sediments,  entering  into  the  formation  of  the  Appalachian 
chain,  was  40,000  feet.  Perhaps  it  would  be  more  prudent,  as  a  basis  of 
argument,  to  accept  a  medium  and  place  the  thickness  at  25,000  feet  (though 
the  aggregate  is  much  greater),  out  of  which  have  come  mountains  of 
5000  tcet  in  height.  It  may  not  be  easy  to  account  for  the  manner  in 
which  the  enormous  erosion  has  been  accomplished,  for  this  could  not 
have  taken  place  beneath  the  sea,  and  the  most  natural  explanation  is  that 
the  eastern  part  of  the  continent  has  at  some  subsequent  time  been  greatly 
elevated  to  allow  of  such  erosion.    I  did  not  pretend  to  offer  any  new 
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theory  of  elevation,  nor  to  propound  any  principle  as  involved  bejond 
•what  had  been  suggested  by  Babbage  and  Herschel.  I  did  not  propose  to 
discuss  the  theory  of  the  contraction  of  the  globe  from  cooling,  or  ©f  the 
crumpling  of  the  earth's  crust  from  the  gradual  cooling  and  shrinking  of 
the  interior  mass,  because  such  arguments  are  not  always  philosophical  for 
"want  of  a  basis  in  facts,  and  are  always  unsatisfactory  as  giving  a  very  inad- 
equate solution  of  the  problem.  This  question  cannot  be  properly  dis- 
cut»sed  in  a  note. 

I  am  satisfied  that  a  region  where  the  ocean  bed,  during  palseozoic  time, 
subsided  so  as  to  permit  a  deposition,  under  water,  of  more  than  25,000  feet 
of  strata.  Is  sufficiently  unstable  in  character  to  come  up  again  to  an  ele- 
vation required  for  the  erosion  of  the  anticlinal  valleys.  This  great  sub- 
sidence alone  may  indicate  that  the  area  was  one  of  weakness  and  liable 
to  elevation  or  depression  according  to  the  action  of  the  forces. 

During  the  long  palseozoic  time  the  area  of  subsidence  was  in  the 
Appalachian  region,  though  clearly  enough,  during  some  portion  of  that 
time  great  uplifling  occurred  on  the  northeast,  to  be  succeeded  by  subsi- 
dence which  may  have  been  equal  to  the  elevation.  Why  could  not  the 
area  of  subsidence  be  changed  from  the  Appalachian  region  to  the  ocean 
on  the  cast?  Subsidence  in  one  locality  means  a  corresponding,  but  not 
necessarily  equal,  elevation  elsewhere ;  so  while  the  ocean  bed  was  subsiding 
may  not  the  Appalachians  have  risen? 
Page  57.  See  the  introduction  to  Palaeontology  of  New  York,  Vol.  III. 
Pags  59.'  I  have  shown  the  existence  of  a  similar  condition  in  Iowa, 
where  the  erosion  of  the  Devonian  and  Silurian  surfaces  has  been  covered 
by  coal  measures,  preserving  little  evidence  of  the  eroded  material.  In 
many  instances  of  this  kind  deep  depressions  of  considerable  area  were  worn 
in  the  older  formations,  which  were  filled  up  by  the  underclays  of  the  coal 
measures  and  often  followed  by  the  deposition  of  the  coal  above.  (See 
Geological  Report  of  Iowa,  pp.  120-141,  185S.)    * 

Page  61.  Very  recently  Mr.  Gilbert  of  the  U.  S.  Geological  Survey 
has  discovered  coal  and  coal  measures  in  the  far  west,  just  enough  to  make 
an  exception  to  the  general  condition  here  stated. 

NOTES  ON  PROF.  JAMES  HALL'S  ADDRESS. 

BY  T.  STERRY  HUNT,  LL.  1>.,  F.  R.  S. 

The  present  publication,  after  more  than  a  quarter  of  a  century  has 
elapsed,  of  Prof.  James  Hall's  Address  before  the  American  Association  at 
the  Montreal  Meeting  in  1857,  is  eminently  fitting  at  the  present  time  and 
the  views  therein  expressed  will  be  found  for  the  most  part  to  have  lost 
none  of  their  value,  but  to  have  been  confirmed  by  the  progress  of  geolog- 
ical science.  It  should  here  be  mentioned  that  most  of  the  important 
points  in  this  Address  were  published  by  Prof.  Hall  in  1859,  ^"  ^^^  Intro- 
duction to  the  Third  Volume  of  his  great  work  on  the  Palaeontology  of 
New  York,  and  were  the  subject  of  an  extended  notice  by  the  present 
writer,  in  an  Essay  on  Some  Points  in  American  Geology,  in  the  Ameri- 
can Journal  of  Science  for  May,  186 1.  It  was  here  shown  that  the  views  of 
Prof.  Hall,  which  when  heard  and  read  in  1857  and  1859  seemed  to  many 
untenable  and  evoked  hostile  criticism,  were  in  harmony  with  those  pre- 
viously maintained  by  masters  in  the  science  of  Geology.  It  is  true  that 
the  elevation-hypothesis  of  Von  Buch  had  been  extended  from  volcanic 
mountains  to  ranges  made  up  of  aqueous  sediments,  like  the  Alps,  the 
Pyrenees  and  the  Alleghanies,  and  by  the  authority  of  Humboldt  and  Elie 
dc  Beaumont  had  been  impressed  upon  the  scientific  world,  but  not  with- 
out protest.  Constant  Prevost,  Scrope  and  Lyell  had  opposed  this  famous 
hypothesis  as  applied  to  volcanic  elevations,  while  de  Montlosier  in 
i8j2,  in  the  same  spirit,  declared  that  the  great  mountain  chains  of  Europe 
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are  but  the  remains  of  continental  elevations  which  have  been  cut  away  bj 
denudation  and  that  the  foldings  and  inversions  to  be  met  with  in  the 
structure  of  mountains  are  to  be  looked  upon  only  as  local  and  accidental. 

J.  P.  Lesley,  again,  in  1856,  had  asserted  that  continents  are  but  con- 
geries of  mountains,  or  rather  the  latter  are  but  fragments  of  continents, 
separated  by  valleys  which  represent  the  absence  or  removal  of  mountain- 
land  ;  and  again  had  said  "  mountains  terminate  where  the  rocks  thin  out/* 

Later,  the  present  writer  returned  to  the  discussion  of  Prof.  Hall's  views 
in  an  Essay  on  Some  Points  in  Dynamical  Geology  published  in  the  Amer- 
ican Journal  of  Science  for  April,  1S73,  and  in  part  a  criticism  of  Professor 
Joseph  LeConte's  paper  which  appeared  in  the  same  Journal  in  November 
and  December,  1872,  on  the  Formation  of  the  Features  of  the  Earth's 
Crust.  I  quote  from  my  Essay  the  following  passages,  to  show  how  far 
HalTs  views  were  accepted  by  LeCont:;,  and  also  for  the  reason  that  in 
reply  to  the  adverse  criticisms  of  LeConte  and  others,  I  have  here  stated 
what  I  conceive  to  be  the  great  and  distinguishing  merits  of  Professor 
Hairs  contribution. to  the  theory  of  mountains  6r$t  developed  in  his  re- 
markable Address  of  1857. 

**Thc  views  of  Professor  Hall  as  to  the  relation  between  great  accumula- 
tions of  strata  and  mountain  elevations,  are  cited  with  approval  by  LeConte, 
who,  following  him,  asserts  that  *  mountain  chains  are  masses  of  immensely 
thick  sediments.'    I  venture,  however,  to  remark  in  this  connection  that 
the  views  both  of  Mr.  Hall,  and  of  myself,  as  his  expounder,  have  as  yet 
been  but  imperfectly  understood  either'  by  LeConte  or  our  other  critics. 
Thus,  they  have  been  defined  as  a  theory  of  mountains  with  the  origin  of 
mountains  left  out,  while  LeConte  says  *  Hall  and  Hunt  leave  the  sediments 
just  after  the  whole  preparation  has  been   made,  but  before  the  actual 
mountain-formation  has  taken  place.*     Now  in  fact  neither  Hall  nor  yet 
myself  in  my  exposition  of  his  views  [in  the  Essay  of  1861  cited  above] 
has  proposed  any  theory  to  explain  this  part  of  the  process ;  that  is  to  say, 
the  uplifting  of  the  deposited  sediments,  which  LeConte  calls  '  the  actual 
mountain-formation.*      HalKs   contribution    to   the    problem,   which,   as 
LeConte  well  says,  forms  *  an  era  in  geological  science,*  was  to  show  the 
relation  between  mountain-chains  and  great  accumulations  of  sediments; 
to  illustrate  this  by  the  history  of  the  palaeozoic  rocks  of  North  America", 
and,  moreover,  to  protest  agamst  the  generally  received  theory  that  moun- 
tain elevations  are  due  to  local  upthrusts;  he,  to  use  his  own  language 
•  going  back  to  the  theories  long  since  entertained  by  geologists  relative  to 
continental  elevations.*    That  mountains  were  the  remains  of  eroded  con* 
tinental  areas  had  already  been  taught  by  Lesley,  and  long  before  by  d( 
Montlosier.     It  was  left  for  Hall  through  a  new  way  to  lead  us  back  to  these 
views,  but  the  whole  theory  of  the  cause  of  continental  elevation  was  lefl 
by  him  where  he  found  it.     In  my  exposition  of  his  views,  I  have  only  en- 
deavored in  addition  to  show  in  what  manner  a  contracting  globe  and  a 
solid  nucleus  may  be   related  to  the  great  facts  of  local  subsidence  and 

accumulation.** 

*  *  •  i^  *  *  • 

"Professor  LeConte  declares  that  an  important  problem  in  geological 
dynamics  remains  in  his  opinion,  unsolved,  namely  the  cause  of  the  *  great 
and  widespread  oscillations  which  have  marked  the  great  divisions  of  timet 
and  have  left  their  impress  in  the  general  unconformability  of  the  strata,* 
the  last  being  that  of  the  post-pliocene  period.  Now,  it  is  precisely  the 
Hptvard  movcmcnls  of  this  kind  which  constitute  the  continental  elevations 
of  de  Montlosier,  Hall  and  myself,  giving  rise  to  plateaus,  and  by  the  par- 
tial erosion  and  denudation  of  these,  to  mountains.  The  cause  of  these 
continental  elevations  was  not  discussed  by  Hall,  and  is  by  LeConte 
declared  to  be  unexplained ;  while  such  is  the  case  *  the  actual  mountain 
formation,'  to  use  his  words,  is  still  unaccounted  for.  That  these  gentle 
and  widespread  movements  of  oscillation  are,  however,  in  some  way  not 
yet  clearly  explained,  connected  with  tlie  contracting  of  the  nucleus,  and 
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the  consequent  conforming  thereto  of  the  envelope,  we  can  scarcely  doubt ; 
or  that  the  latter,  from  its  nature  and  origin,  must  present  great  differences 
in  constitution  and  in  flexibility  in  its  various  parts.  From  this  it  might 
be  expected  that  the  movements  imparted  to  the  envelope  alike  by  the 
process  of  secular  cooling  and  contraction  of  the  nucleus,  and  by  the  dis- 
turbance of  the  equilibrium  of  pressure  consequent  on  the  processes  of 
erosion  and  sedimentation,  would  give  rise  to  seemingly  irregular  oscilla- 
tions, resulting  in  the  depression  or  the  elevation  of  considerable  areas, 
constituting  continental  movements." 

The  two  papers  of  the  present  writer  will  be  found  reproduced,  the  first 
in  abstract,  in  his  Chemical  and  Geological  Essays^  pp.  59-68,  and  70-79. 

In  the  latter  he  has  adverted  to  the  view  adopted  by  Hall  in  his  Address, 
that  the  crystalline  rocks  of  New  England,  including  the  Green  Mountains 
and  the  White  Mountains,  are  altered  palaeozoic  strata.  This  view  which 
had  been  advocated  by  Mather,  the  brothers  Rogers  (though  subsequently 
rejected  by  them),  by  Logan  and  others,  was  at  that  time  accepted  by  the 
present  writer;  who  has,  however,  long  since  rejected  it  as  untenable,  and 
maintained  the  prepalaeozoic  age  of  these  mountains,  and  generally  of  the 
crystalline  rocks  of  the  Atlantic  belt,  a  view  which  is  now  shared  by  most 
geologists.  It  is  hardly  necessary  to  say  that  the  acceptance  or  rejection 
of  this  hypothesis  of  the  palaeozoic  age  of  the  crystalline  rocks  in  question 
in  no  way  affects  Professor  Hairs  argument,  ^he  present  view  of  the 
writer,  now  maintained  by  LeConte  and  most  American  Geologists,  makes 
the  rocks  in  question  a  part  of  the  great  prepalaiozoic  continental  area  lying 
to  the  north  and  east  which  Professor  Hall  supposed  to  be  the  source  of 
the  palaeozoic  sediments  of  the  Appalachian  basin. 
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WILLIAM    HARKNESS, 


TICK   PRESIDENT,   SECTION  A. 


Members  of  the  Section  op  Mathematics  and  Astronomy  : — 

Transits  of  Venus  usually  occur  in  pairs ;  the  two  transits  of  a 
pair  l>eing  separated  by  only  eight  years,  but  between  the  nearest 
transits  of  consecutive  pairs  more  than  a  century  elapses.  We 
are  now  on  the  eve  of  the  second  transit  of  a  pair,  after  which 
there  will  be  no  other  till  the  twenty- first  century  of  our  era  has 
dawned  upon  the  earth,  and  the  June  flowers  are  blooming  in 
2004.  When  the  last  transit  season  occurred  the  intellectual 
world  was  awakening  from  the  slumber  of  ages,  and  that  wondrous 
scientific  activity  which  has  led  to  our  present  advanced  knowl- 
edge was  just  beginning.  What  will  be  the  state  of  science  when 
the  next  transit  season  arrives  God  only  knows.  Not  even  our 
children's  children  will  live  to  take  part  in  the  astronomy  of  that 
da}'.  As  for  ourselves,  we  have  to  do  with  the  present,  and  it 
seems  a  fitting  occasion  for  noticing  briefly  the  scientific  history 
of  past  transits,  and  the  plans  for  observing  the  one  soon  to  hap- 
pen. 

When  the  Ptolemaic  theory  of  the  solar  system  was  in  vogue, 
astronomers  correctly  believed  Venus  and  Mercury  to  be  situated 
between  the  Earth  and  the  Sun,  but  as  these  planets  were  sup- 
posed to  shine  by  their  own  light,  there  was  no  reason  to  antici- 
pate that  they  would  be  visible  during  atransit,  if  indeed  a  transit 
should  occur.     Yet,  singularly  enough,  so  far  back  as  April,  807, 

(77) 


78  ADDRESS   BT   WILLIAM    HARKNESS, 

Mercury  is  recorded  to  have  been  seen  as  a  dark  spot  upon  the  face 
of  the  Sun.  We  now  know  that  it  is  much  too  small  to  be  visible 
to  the  naked  eye  in  that  position,  and  the  ol)ject  observed  could 
liave  been  nothing  else  than  a  large  sun  spot.  Upon  the  establish- 
ment of  the  Copernican  theory  it  was  immediatel}'  perceived  that 
transits  of  the  inferior  planets  across  the  face  of  the  Sun  must 
occur,  and  the  recognition  of  the  value  of  transits  of  Venus  for 
determining  tha  solar  parallax  was  not  long  in  following.  The 
idea  of  utilizing  such  transits  for  this  purpose  seems  to  have 
been  vaguely  conceived  by  James  Gregory,  or  perhaps  even  by 
Ilorrocks  ;  but  llalley  was  first  to  work  it  out  completely,  and  to 
him  is  usually  assigned  the  honor  of  the  invention.  His  paper, 
published,  in  1716,  was  mainly  instrumental  in  inducing  the  gov- 
ernments of  Europe  to  undertake  the  observations  of  the  transits 
of  Venus  of  1761  and  1769,  from  which  our  first  accurate  knowl- 
edge of  the  Sun's  distance  was  obtained. 

When  Kepler  had  finished  hisRudolphine  tables  they  furnished  the 
means  of  predicting  the  places  of  the  planets  with  some  approach 
to  accuracy;  and  in  1627  he  announced  that  Mercury  would  cross 
the  face  of  the  Sun  on  November  7,  1631,  and  Venus  on  Decem- 
ber 6  of  the  same  year.  The  intense  interest  with  which  Gas- 
sendi  prepared  to  observe  these  transits  can  be  imagined  when  it 
is  remembered  that  hitherto  no  such  phenomena  had  ever  greeted 
mortal  eyes.  He  was  destitute  of  what  would  now  be  regarded 
as  the  commonest  instruments.  The  invention  of  telescopes 
was  only  twenty  years  old,  and  a  reasonably  good  clock  had 
never  been  constructed.  His  observatory  was  situated  in  Paris, 
and  its  appliances  were  of  the  most  primitive  kind.  B}'  admit- 
ting the  solar  rays  into  a  darkened  room  througli  a  small  round 
hole,  an  image  of  the  Sun  nine  or  ten  inches  in  diameter  was  ob- 
tained upon  a  white  screen.  For  the  measurement  of  position 
angles  a  carefully  divided  circle  was  traced  upon  this  screen,  and  the 
whole  was  so  arranged  that  the  circle  could  be  made  to  coincide 
accurately  with  the  image  of  the  Sun.  To  determine  the  times  of 
injrress  and  egress,  an  assistant  was  stationed  outside  with  a 
large  quadrant,  and  he  was  instructed  to  observe  the  altitude  of 
the  sun  whenever  Gassendi  stamped  upon  the  floor.  Modern  as- 
tronomical predictions  can  be  trusted  within  a  minute  or  two,  but 
so  great  did  the  uncertaint}'  of  Kepler's  ,tables  seem  to  Gassendi 
that  he  began  to  watch  for  the  expected  transit  of  Mercury  two 
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whole  days  before  the  time  set  for  its  occurrence.  On  the  5th  of 
November  it  rained,  and  on  the  6th  clouds  covered  the  sky  al- 
most all  day.  The  morning  of  the  7th  broke,  and  3'et  there  was 
no  respite  from  the  gloomy  pall.  Gassendi  continued  his  weary 
watch  with  the  sickening  dread  that  the  transit  might  already  be 
over.  A  little  ^  before  eight  o'clock  the  sun  began  to  struggle 
through  the  clouds,  but  mist  prevented  any  satisfactory  obser- 
vation for  nearly  another  hour.  Towards  nine  the  sun  became 
distinctly  visible,  and  turning  to  its  image  on  the  screen,  the 
astronomer  observed  a  small  black  spot  upon  it.  It  was  not  half  as 
large  as  he  expected,  and  he  could  not  believe  it  was  Mercury. 
He  took  it  for  a  sun  spot,  and  carefully  estimated  its  position  at 
nine  o'clock,  so  that  he  might  use  it  as  a  point  of  reference  for  the 
planet,  if  indeed  he  should  be  fortunate  enough  to  witness  the 
transit.  A  little  later  he  was  surprised  to  see  the  spot  had 
moved.  Although  the  motion  was  too  rapid  for  an  ordinary  sun 
spot,  the  small  size  of  the  object  seemed  to  forbid  the  idea  that  it 
was  Mercury.  Besides,  the  predicted  time  of  the  transit  had  not 
3-et  arrived.  Gassendi  was  still  uncertain  respecting  the  true 
nature  of  the  phenomenon  when  the  sun  again  burst  through  the 
clouds  and  it  was  apparent  that  the  spot  was  steadily  moving 
from  its  original  position.  All  doubt  vanished,  and  recognizing 
that  the  transit,  so  patiently  watched  for,  was  actually  in  progress, 
he  stamped  upon  the  floor  as  a  signal  for  his  assistant  to  note  the 
son's  altitucle.  That  faithless  man,  whose  name  has  been  for- 
gotten by  history,  had  deserted  his  post,  and  Gassendi  continued 
bis  observations  alone.  Fortunately  the  assistant  returned  soon 
enongh  to  aid  in  determining  the  instant  of  egress,  and  thus  an 
important  addition  was  made  to  our  knowledge  of  the  motions  of 
the  inneiinost  planet  of  the  solar  system. 

After  this  success  in  observing  Mercury,  Gassendi  hoped  he 
might  be  equally  fortunate  in  observing  the  transit  of  Venus  on 
December  6,  1G31.  lie  knew  that  Kepler  had  assigned  a  time 
near  sunset  for  first  contact,  but  the  tables  were  not  sufficiently 
exact  to  forbid  the  possibility  of  the  whole  transit  being  visible  at 
Paris.  Alas,  alas  !  these  hopes  were  doomed  to  disappointment. 
A  severe  storm  of  wind  and  rain  prevailed  on  December  4th  and 
5th,  and  although  the  sun  was  visible  at  intervals  on  the  6th  and 
Till,  not  a  trace  of  the  planet  could  be  seen.    We  now  know  that 
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the  transit  happened  in  the  night  between  the  6th  and  7tb,  and 
was  wholly  invisible  at  Paris. 

Transits  of  Venus  can  occur  only  in  June  and  December,  and 
as  the  two  transits  of  a  pair  always  happen  in  the  same  month, 
if  we  start  from  a  June  transit  the  intervals  between  consecutive 
transits  will  be  8  years,  105^  years,  8  years,  121  j-  years,  8  years, 
105j^  yesLYS^  and  so  on.  This  is  the  order  which  exists  now,  and 
will  continue  for  many  centuries  to  come,  but  it  is  not  always  so. 
The  path  of  Venus  across  the  sun  is  not  the  same  in  the  two 
transits  of  a  pair. .  For  a  pair  of  June  transits,  the  path  at  the 
second  one  is  sensibly  parallel  to,  and  about  twenty  minutes  north 
of,  that  at  the  first ;  while  for  a  pair  of  December  transits  the 
parallelism  still  holds,  but  the  path  at  the  second  one  is  about 
twenty-five  minutes  south  of  that  at  the  first.  Hence  it  happens 
that  whenever  Venus  passes  within  about  four  minutes  of  the 
sun's  centre  at  a  June  transit,  or  within  about  eight  minutes  at 
a  December  transit,  she  will  pass  just  outside  the  sun's  disk  at  the 
other  transit  of  the  pair,  and  it  will  fail.  Thus  the  intervals  be- 
tween consecutive  transits  may  be  modified  in  various  ways.  If 
the  first  transit  of  a  June  pair  fails,  they  will  become  129j 
years,  105 J  years,  8  years,  129j5  years,  etc.  If  the  second  transit 
of  a  June  pair  fails,  they  will  become  113^  years,  8  years,  121J- 
years,  113^  years,  etc.  If  the  first  transit  of  a  December  pair 
fails,  they  will  become  8  years,  113J  years,  121^  j-ears,  8  years, 
etc.  If  the  second  transit  of  a  December  pair  fails,  they  will  be- 
come 8  years,  lOb^  years,  129 J  years,  8  years,  etc.  And  finally, 
if  either  the  first  or  second  transit  of  a  pair  fails  both  in  June  and 
December,  they  will  become  113^  years,  129 J  years,  113^  years, 
129 J  j^ears,  etc. 

When  Kepler  predicted  the  transit  of  1631,  he  found  from  his 
tables  that  at  her  inferior  conjunction  on  December  4,  1639, 
Venus  would  pass  just  south  of  the  sun,  and  therefore  he  believed 
the  second  transit  of  the  pair  would  fail.  On  the  other  hand,  the 
tables  of  the  Belgian  astronomer,  Lansberg,  indicated  that  the 
northern  part  of  the  sun's  disk  would  be  traversed  by  the  planet. 
In  the  fall  of  1639  this  discrepancy  was  investigated  by  Jeremiah 
Ilorrocks,  a  young  curate  only  twenty  years  old,  living  in  the 
obscure  village  of  Hoole,  fifteen  miles  north  of  Liverpool,  and 
he  found,  apparently  from  his  own  observations,  that  although 
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Kepler's  tables  were  far  more  accurate  than  Lansberg's,  the  path  of 
the  planet  would  really  be  a  little  north  of  that  assigned  by  Kepler, 
and  a  transit  over  the  southern  portion  of  the  sun  would  occur. 
He  communicated  this  discovery  to  his  friend  William  Crab  tree, 
and  these  two  ardent  astronomers  were  the  only  ones  who  had  the 
good  fortune  to  witness  this,  the  first  recorded  transit  of  Venus. 

Horrocks  had  great  confidence  in  his  corrected  cphemeris  of 
Venus,  and  it  forbade  him  to  expect  the  ingress  of  the  planet  upon 
the  sun  before  three  o'clock  in  the  afternoon  of  Sundaj',  November 
24,  old  style  (December  4,  new  style)  ;  but  as  other  astronomers 
assigned  a  date  some  hours  earlier,  he  took  the  precaution  to  begin 
his  observations  on  the  2drd.  The  24th  seems  to  have  been  par- 
tially cloudy,  but  he  watched  carefully  from  sunrise  to  nine 
o'clock ;  from  a  little  before  ten  until  noon  ;  and  at  one  o'clock  in 
the  afternoon ;  having  been  called  awa}*  in  the  interval  by  bust* 
ness  of  the  highest  importance — presumably  the  celebration  of  di« 
vine  service.  About  fifteen  minutes  past  three  he  was  again  at 
liberty,  and  as  the  clouds  had  dispersed,  he  returned  to  his  tele- 
scope and  was  rejoiced  to  find  Venus  upou  the  sun's  disk,  second 
contact  having  just  happened.  Only  thirty-five  minutes  remained 
before  sunset,  but  during  these  precious  moments  he  made  deter- 
minations of  the  position  of  Venus  which  are  even  yet  of  the 
highest  value.  Crabtree  was  less  fortunate.  At  his  station,  near 
Manchester,  there  was  but  a  momentary  break  in  the  clouds  a 
quarter  of  an  hour  before  suusct.  This  sufi3ced  to  give  him  a 
glimpse  of  the  transit,  and  he  afterwards  made  a  sketch  from 
memory. 

The  years  sped  swiftly  by,  and  as  the  transit  of  1761  approached, 
Halley's  paper  of  1716  was  not  forgotton,  although  he  himself 
had  long  been  gathered  to  his  fathers.  In  deciding  to  what  ex- 
tent his  plans  could  be  followed,  it  was  first  of  all  necessary  to 
know  how  nearly  the  real  conditions  would  approximate  to  those 
be  haci  anticipated.  Passing  over  a  paper  by  Tr^buchet  calling 
attention  to  errors  in  Halley's  data,  Delisle  was  first  to  point  out 
the  exact  conditions  of  the  transit,  and  the  circumstances  upon 
which  the  success  of  the  observations  would  depend.  In  August, 
1760,  less  than  a  year  before  the  event,  he  published  a  chart 
showing  that  inaccurate  tables  of  Venus  had  misled  Halley,  both 
as  to  the  availability  of  his  method,  and  in  the  selection  of  stations. 
The  occasion  conld  be  more  efiTectively  utilized  by  a  change  of  plan, 
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and  Delisle  considered  it  best  to  observe  at  suitftbly  selected  lo- 
calities from  many  of  which  only  the  ingress,  or  only  the  egress, 
would  be  visible.  Ferguson,  in  England,  seems  to  have  arrived 
independently  at  similar  conclusions. 

The  two  methods  proposed  respectively  by  Halley  and  Delisle 
have  played  so  important  a  part  in  the  history  of  physical  astron- 
omy that  it  will  not  be  amiss  to  state  briefly  the  distinction  be- 
tween them.  The  sun  causes  Venus  to  cast  a  shadow  which  has 
the  form  of  a  gigantic  cone,  its  apex  resting  upon  the  planet,  and 
its  diameter  continually  increasing  as  it  recedes  into  space.  All 
the  phenomena  of  transits  are  produced  by  the  passage  of  this 
shadow  cone  over  the  earth,  and  as  each  point  of  the  cone  correa- 
ponds  to  a  particular  phase  of  a  transit,  any  given  phase  will  en- 
counter the  earth,  and  first  become  visible,  at  some  point  where 
the  sun  is  just  setting ;  and  will  leave  the  earth,  and  therefore  be 
last  visible,  at  some  point  where  the  sun  is  just  rising.  Between 
these  two  points  it  will  traverse  nearly  half  the  earth's  circumfer- 
ence and  in  so  doing  will  consume  about  twenty  minutes.  The  only 
phases  dealt  with  by  either  Ilallcy's  or  Delisle's  method  are  the 
external  and  internal  contacts,  both  at  ingress  and  at  egress. 
Delisle's  method  consists  in  observing  the  times  of  contact  at 
stations  grouped  about  the  regions  where  either  ingress  or  egress 
is  soonest  and  latest  visible.  The  longitudes  of  the  stations  must 
be  well  determined,  and  then  by  combining  them  with  the  observed 
times  of  contact  the  rate  at  which  the  shadow  cone  sweeps  over 
the  earth  becomes  known,  and  from  it  the  solar  parallax  results. 
At  many  of  the  stations  best  suited  for  Delisle's  method,  only  the 
beginning  or  only  the  ending  of  the  transit  will  be  visible ;  but 
for  the  application  of  Halley's  method,  both  the  beginning  and 
the  ending  must  be  seen.  The  theory  of  the  latter  method  is  so 
complicated  that  it  is  difficult  to  explain  it  briefly  and  at  the  same 
time  accurately ;  but  the  following  considerations  will  suflOce  to 
indicate  its  nature.  The  duration  of  a  transit  at  any  point  on  the 
earth's  surface  depends  partly  upon  the  length  of  path,  and  partly 
upon  the  velocity,  of  that  point  while  within  the  shadow  cone. 
The  length  of  path  is  affected  by  the  latitude  of  the  point,  and^ 
the  velocity  by  the  earth's  diurnal  motion,  which  in  some  regions 
accelerates,  and  in  others  retards,  the  progress  of  the  shadow. 
The  result  is  that  throughout  one-half  the  earth's  surface  the 
duration  of  the  transit  is  lengthened,  while  throughout  the  other 


SECTION   OP   MATHEMATICS   AND   A8TBONOMT.  83 

half  it  is  shortened ;  the  maximuni  lengthening  and  shortening 
occarriog  at  the  respective  poles  of  the  hemispheres  in  question. 
Although  these  poles  are  not  situated  at  the  extremities  of  the 
earth's  axis,  it  usually  happens  that  one  of  them  is  shrouded  in 
night;  but  upon  the  sunlit  side  of  the  earth,  from  which  alone 
observations  can  be  made,  localities  may  exist  at  some  of  which 
the  duration  of  the  transit  will  be  twenty  minutes  or  more  greater 
than  at  others.  This  inequality  is  the  condition  upon  which 
Halley's  method  depends,  and  when  such  localities  are  accessible 
it  may  be  advantageously  applied.  Briefly  tben,  Halley's  method 
consists  in  observing  the  duration  of  a  transit  at  two  or  more 
stations  so  selected  as  to  give  durations  of  widely  different  lengths ; 
while  Delisle's  method  consists  in  employing  a  common  standard 
time  to  note  the  instant  when  the  transit  begins,  or  ends,  at  two 
or  more  stations  so  chosen  as  to  give  very  different  values  for 
that  instant. 

The  transit  of  1761  was  visible  throughout  Europe  and  was 
well  observed  by  astronomers  in  all  parts  of  that  continent.  Be- 
sides this,  England  sent  expeditions  to  St.  Helena  and  to  the  Cape 
of  Good  Hope ;  and  English  astronomers  observed  at  Madras  and 
Calcutta ;  French  astronomers  were  sent  to  Tobolsk,  Rodriguez, 
and  Pondicherry ;  Russians  to  the  confines  of  Tartary  and  China ; 
and  Swedes  to  Lapland.  No  less  than  117  stations  were  occupied 
by  176  observers;  and  of  these,  137  published  their  observations. 
When  this  mass  of  data  was  submitted  to  computation,  the  result 
was  far  from  satisfactor3^  Values  of  the  solar  parallax  were  ob- 
tained ranging  from  8.49  seconds  to  10.10  seconds;  and  in  their 
disappointment  the  astronomers  of  the  eighteenth  century  concluded 
that  too  much  reliance  had  been  placed  upon  Delisle's  method. 

The  transit  of  1769  drew  on  apace ;  and,  to  avoid  a  repetition  of 
the  fancied  mistake  of  1761,  attention  was  directed  almost  exclu- 
sively to  Halley*s  method.  The  conditions  of  the  transit  were 
carefully  discussed  by  Homsby  in  England,  and  by  Lalande  and 
Pingr£  in  France ;  and  it  was  found  that  its  duration  would  be 
greatest  in  Lapland  and  Karoschatka,  and  least  in  the  Pacific  Ocean, 
California  and  Mexico.  Astronomers  were  dispatched  to  all  these 
regions.  England  sent  the  famous  Capt.  Cook  to  Otaheite; 
France  sent  Chappe  to  California ;  the  King  of  Denmark  sent 
Father  Hell  to  Lapland  ;  and  in  addition  numerous  observations 
were  made  in  Europe,  North  America,  China,  and  the  East  Indies. 
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The  preparations  were  most  elaborate,  and  the  i*esult  better  than 
in  1761,  but  still  not  satisfactory.  The  black  drop  and  other  dis- 
tortions disturbed  the  contacts  in  this  transit  as  they  had  done  in 
the  previous  one,  and  the  values  of  the  parallax  deduced  by  the 
best  computers  ranged  from  8.43  seconds  to  8.85  seconds. 

Thus  the  matter  rested  till  1825  and  1827  when  Encke  published 
abstracts  of  his  discussion  of  the  transits  of  1761  and  1769,  from 
which  he  deduced  a  parallax  of  8.58  seconds.  This  discussion  was 
not  printed  in  full  till  1835,  when  it  immediately  commanded  the 
attention  of  astronomers,  and  its  result,  which  Encke  had  modified 
to  8.57  seconds,  was  universally  accepted  for  more  than  a  quar- 
ter of  a  century.  As  time  wore  on,  certain  gravitational  investiga- 
tions led  to  a  strong  suspicion  that  the  sun's  distance  had  been  over- 
estimated by  at  least  three  million  miles,  and  the  observations  of 
Mars  at  its  opposition  in  1862  converted  this  suspicion  into  a  con- 
viction. The  eighteenth  century  transits  were  again  rediscussed 
and  a  parallax  of  8.83  seconds  was  found  from  them  by  Powalky 
in  1865,  and  8.91  seconds  by  Mr.  E.  J.  Stone  in  1868.  Newoomb's 
paper,  in  1867,  also  produced  a  marked  impression. 

The  transit  of  1874  was  then  approaching,  and  in  the  discussion 
as  to  how  it  should  be  utilized  Halley's  and  Delisle's  metliods  once 
more  played  a  prominent  part.  It  was  recognized  that  the  uncer- 
tainty in  the  observed  times  of  contact  of  the  eighteenth  century 
transits  was  largely  due  to  the  black  drop,  and  the  causes  of  that 
phenomenon  were  carefully  considered.  Among  them,  most  astron- 
omers believed  that  irradiation  pla3*ed  an  important,  if  not  the 
principal,  part ;  but  at  the  same  time  there  was  a  general  feeling 
that  the  telescopes  of  a  century  ago  were  bad,  and  that  the  mag- 
nificent instruments  of  the  present  day  would  give  better  results. 
In  view  of  all  the  circumstances  it  was  determined  that  the  con- 
tacts should  be  observed  with  equatoriallj'-mounted  achromatic  tel- 
escopes of  from  4  to  6  inches'  aperture,  or  with  reflectors  of  not 
less  than  7  inches'  aperture,  and  that  magnifying  powers  of  from 
150  to  200  diameters  should  be  employed.  The  Germans  and 
Russians  adopted  heliometers  of  about  three  inches'  aperture 
for  making  exact  determinations  of  the  ix)sitions  of  Venus  during 
transit,  but  other  nations  did  not  follow  their  example. 

Photography,  an  agency  undreamed  of  in  the  eighteenth  century, 
was  also  available,  and  all  saw  the  desirability  of  employing  it ; 
but  there  was  much  difference  of  opinion  as  to  how  this  should  be 
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done.  Tbe  European  astronomers  preferred  instruments  modelled 
upon  the  Kew  photoheliograpb,  whose  objective  has  8.4  inches  ap- 
erture and  50  inches  focus,  giving  an  image  of  the  suu  0.482  of  an 
inph  in  diameter,  which  is  enlarged  by  a  secondary  magnifier  to 
3.93  inches.  On  the, other  hand,  the  American  astronomers  con- 
tended that  photographs  taken  with  such  instruments  would  be 
affected  b}'  troublesome  errors  due  to  the  secondary  magnifier,  that 
position  angles  could  not  be  measured  from  them  accurately  enough 
to  be  of  any  use,  and  that  it  would  be  exceedingly  difiScult  to  de- 
termine the  exact  linear  value  of  a  second  of  arc.  They  advocated 
the  use  of  horizontal  photoheliographs,  which  are  free  from  all 
these  disadvantages  ;  and  the  instruments  which  they  adopted  had 
apertures  of  5  inches,  and  focal  distances  of  38j  feet,  giving 
images  of  the  sun  slightly  more  than  4  inches  in  diameter.  Not- 
withstanding this  radical  difference  of  opinion  respecting  the  best 
form  of  photoheliograph,  the  astronomers  of  the  old  and  new  worlds 
were  in  perfect  accord  as  to  how  the  instruments  should  be  em- 
ployed. Between  the  first  and  second  contacts,  and  again  between 
the  third  and  fourth  contacts,  photographs  about  five  minutes  square, 
showing  the  indentation  cut  by  the  planet  into  the  sun's  limb,  were 
to  be  taken  at  intervals  of  a  few  seconds ;  and  from  these  it  was 
hoped  the  true  times  of  contact  could  be  deduced  with  great  accu- 
racy. Between  the  second  and  third  contacts,  pictures  of  the  en- 
tire son  were  to  be  taken  at  short  intervals,  and  the  positions  of 
Venus  relatively  to  the  sun's  centre  were  to  be  obtained  from  them 
by  subsequent  measurements.  In  the  latter  case,  the  photohelio- 
graph took  the  place  of  a  heliometer,  and  was  superior  to  that  instru- 
ment in  its  power  of  rapidly  accumulating  data. 

The  question  of  instrumental  outfit  having  been  disposed  of, 
stations  were  selected,  and  parties  dispatched  to  almost  every 
available  point.  The  United  States,  England,  France,  Germany, 
Russia,  Holland, —  in  short,  nearly  all  the  nations  of  the  civilized 
world, —  took  part  in  the  operations.  The  weather  was  not  al« 
together  propitious  on  the  day  of  the  transit,  but  nevertheless  a 
mass  of  data  was  accumulated  which  will  require  years  for  its 
thorough  discussion.  When  the  parties  returned  home  the  contact 
observations  were  first  attacked,  but  it  was  soon  found  that  they 
were  little  better  than  those  of  the  eighteenth  century.  The  black 
drop,  and  tbe  atmospheres  of  Venus  and  the  Earth,  had  again 
produced  a  series  of  complicated  phenomena,  extending  over  many 
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seconds  of  time,  from  among  which  it  was  extremely  difficult  to 
pick  out  the  true  contact.  Tt  was  uncertain  whether  or  not  differ- 
ent observers  had  really  recorded  the  same  phase,  and  in  every 
case  that  question  had  to  be  decided  before  the  observations  could 
be  used.  Thus  it  came  about  that  within  cer.tain  rather  wide  limits 
the  resulting  parallax  was  unavoidably  dependent  upon  the  judg- 
ment of  the  computer,  and  to  that  extent  was  mere  guesswork. 
Attention  was  next  directed  to  the  photographs,  and  soon  it  began 
to  be  whispered  about  that  those  taken  by  European  astronomers 
were  a  failure.  Even  yet  I  am  not  aware  that  the  Germans  have 
published  anything  official  on  the  subject ;  but  the  English  official 
report  has  appeared,  and  it  frankly  declares  that  '^  after  laborious 
measures  and  calculations  it  was  thought  best  to  abstain  from  pub- 
lishing the  results  of  the  photographic  measures  as  comparable  with 
those  deduced  from  telescopic  view."  From  the  way  in  which  these 
photographs  were  taken,  Sir  George  Airy  saw  that  they  could  not 
yield  position  angles  of  any  value,  and  therefore  differences  of 
right  ascension  and  declination  could  not  be  deteimined  from  them  ; 
but  they  did  seem  capable  of  giving  the  distance  between  the  centres 
of  Venus  and  the  sun  with  considerable  accuracy.  Upon  trial  this 
proved  not  to  be  the  case.  No  two  persons  could  measure  them 
alike,  because  ^^  however  well  the  sun's  limb  on  the  photograph 
appeared  to  the  naked  eye  to  be  defined,  yet  on  applying  to  it  a 
microscope  it  became  indistinct  and  untraceable,  and  when  the 
sharp  wire  of  the  micrometer  was  placed  on  it,  it  entirely  disap- 
peared." In  short,  the  British  photographs  are  useless  for  the 
present,  but  Sir  George  Airy  hopes  that  in  the  future  some  astron- 
omer may  be  found  who  will  be  capable  of  dealing  with  tlicm. 
We  turn  now  to  the  American  photographs.  They  present  a 
well  defined  image  of  the  sun  about  4.4  inches  in  diameter,  and  are 
intended  to  give  both  the  position  angle  and  distabce  of  Venus 
from  the  sun's  centre.  A  special  engine  was  at  hand  for  measur- 
ing them,  but  when  they  were  placed  under  the  microscope  only 
an  indistinct  blur  could  be  seen.  Here  again  was  the  same  diffi- 
culty which  had  baffled  the  English,  but  fortunately  its  cause  was 
soon  discovered.  The  magnifying  power  of  the  microscope  was 
only  37^  diameters,  which  seemed  moderate  enough,  but  was  it 
really  so  ?  The  photographic  image  of  the  sun  was  about  4.4  inches 
in  diameter,  and  this  was  magnified  8.81  times  by  the  objective 
of  the  microscope,  thus  giving  an  image  14.56  inches  in  diameter. 
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To  yield  an  image  of  the  same  size,  a  telescopic  objective  would 
require  a  foons  of  about  1563  inches,  and  if  the  eye-piece  of  the 
microscope,  which  had  an  equivalent  focus  of  0.886  of  an  inch, 
were  applied  to  it,  a  power  of  1764  diameters  would  be  produced. 
This  then  was  the   utterly  preposterous  power  under  which  the 
image  of  the  sun  was  seen  when  the  photograph  was  viewed  through 
the  microscope^and  no  useful  result  could  be  expected  from  it. 
Means  were  immediately  provided  for  reducing  the  power  of  the 
microscope  to  5.41  diameters,  and  then  the  photograph  seen  through 
it  appeared  as  the  sun  does  when  viewed  through  a  telescope  mag- 
nifying 255  diameters.     After  this  change  all  diflSculty  vanished, 
and  the  photographs  3nelded  excellent  results.     The  measurements 
made  npon  them  seem  free  from  both  constant  and  systematic 
errors,  and  the  probable  accidental  error  of  a  position  of  Venus 
depending  upon  two  sets  of  readings  made  upon  a  single  photograph 
is  only  0.553  of  a  second  of  arc.    To  prevent  misunderstanding  it 
should  be  remarked  that  this  statement  applies  only  to  pictures  taken 
between  second  and  third  contact,  and  showing  the  entire  sun. 
The  small  photographs  taken  between  first  and  second  contact, 
and  again  between  third  and  fourth  contact,  proved  of  no  value. 
These  investigations  consumed  much  time,  and  before  the  re- 
sult from   the  American  photographs  was  generally  known,  an 
international  convention  of  astronomers  was  held  in  Paris  to  con- 
sider how  the  transit  of  1882  should  be  observed.     The  United 
States  was  not  represented  at  this  conference,  and  guided  only  by 
their  own   experience,  the  European   astronomers  declared   that 
photography  was  a  failure  and  should  not  be  tried  again.     They 
knew  that  the  contact  methods  are  attended  by  difficulties  which 
have  hitherto  proved  insurmountable,  but  under  the  merciless  pres- 
sure of  necessity,  they  decided  to  try  them  once  more.     Unfet- 
tered by  the  action  of  the  Paris  Conference,  the  United  States 
Transit  of  Venus  Commission  took  a  very  different  view  of  the 
case.    Its  members  knew  that  the  probable  error  of  a  contact  ob- 
servation is  0.15  of  a  second  of  arc,  that  there  may  always  be  a 
doubt  as  to  the  phase  observed,  and  that  a  passing  cloud  may 
cause  the  loss  of  the  transit.     They  also  knew  that  the  photo- 
graphic method  cannot  be  defeated  by  passing  clouds,  is  not  lia- 
ble to  any  uncertainty  of  interpretation,  seems  to  be  free  from  sys- 
tematic errors,  and  is  so  accurate  that  the  result  from  a  single 
negative  has  a  probable  error  of  only  0.55  of  a  second  of  arc.    If 


88  ADDRESS  BT  WILLIAM  HARKKES8. 

the  saa  is  visible  for  so  much  as  six  minutes  between  the  second 
and  third  contacts,  by  using  dry  plates  thirty-six  negatives  can  be 
taken,  and  they  will  give  as  accurate  a  result  as  the  observation  of 
both  internal  contacts.  These  were  the  reasons  which  led  the 
American  Commission  to  regard  photography  as  the  most  hopeful 
means  of  observation,  and  thus  it  happens  that  the  astronomers 
of  the  old  and  new  worlds  differ  radically  respecting  the  best 
means  of  utilizing  one  of  the  most  important  astronomical  events 
of  the  century.  The  Europeans  condemn  photography,  and  trust 
only  to  contacts  and  heliometers ;  the  Americans  observe  contacts 
because  it  costs  nothing  to  do  so,  but  look  to  photography  for  the 
most  valuable  results. 

In  1716,  Ilalley  thought  that  by  the  application  of  his  method 
to  the  transit  of  1761,  the  solar  parallax  could  certainly  be  deter- 
mined within  the  five  hundredth  part  of  its  whole  amount.  Since 
then,  three  transits  have  come  and  gone,  and  the  contact  methods 
have  failed  to  give  half  that  accuracy.  From  the  photographic 
method,  as  developed  by  the  U.  S.  Transit  of  Venus  Commission, 
we  hope  better  things,  and  perhaps  fifty  years  hence  its  results 
nfay  be  regarded  as  the  most  valuable  of  the  present  transit 
season.  In  1874,  as  in  1761,  exaggerated  views  prevailed  res- 
pecting the  value  of  transits  of  Venus,  but  no  competent  authority 
now  supposes  that  the  solar  parallax  can  be  settled  by  them 
alone.  The  masses  of  the  Earth  and  Moon,  the  moon's  parallactic 
inequality,  the  lunar  equation  of  the  earth,  the  constants  of 
nutation  and  aberration,  the  velocity  of  light,  and  the  light  equa- 
tion, must  all  be  taken  into  account  in  determining  the  solar 
parallax,  and  it  cannot  be  regarded  as  exactly  known  until  the 
results  obtained  from  trigonometrical,  gravitational,  and  photo- 
tachy metrical,  methods  are  in  perfect  harmony.  It  may  be  many 
years  before  this  is  attained,  but  meanwhile  practical  astronomy 
is  not  suffering.  Its  use  of  the  solar  parallax  is  mainly  confined 
to  the  reduction  of  observations  made  at  the  surface  of  the  earth 
to  what  they  would  ^ave  been  if  made  at  the  Earth's  centre ;  and 
for  that,  our  present  knowledge  suffices.  The  real  argument  for 
expending  so  much  money  upon  transits  of  Venus  is  that  being 
an  important  factor  in  determining  the  solar  parallax,  their  ex- 
treme rarity  renders  it  unpardonable  to  neglect  any  opportunity 
of  observing  them.  Let  us  do  our  whole  duty  in  this  matter  that 
posterity  may  benefit  by  it,  even  as  we  have  benefited  by  the  lar 
bors  of  our  predecessors. 
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New  views  of  Mr.  George  H.  Darwin's  Theory  of  the  Evolu- 
tion OF  THE  Earth-Moon  System,  considered  as  to  its  bear- 
ing on  the  question  of  the  duration  of  Geological  Time. 
By  Samuel  Haughton,  of  Dublin,  Ireland. 

It  has  been  tacitly  assumed,  even  so  far  back  as  the  times  of 
Newton  and  Clairaut,  that  the  earth  and  planets  have  passed 
through  a  liquid  condition  (owing  to  former  great  heat)  before 
assuming  the  solid  condition,  which  some  of  them,  at  least,  now 
possess. 

Laplace,  in  his  nebular  hypothesis,  also  assumes  the  former 
existence  of  this  liquid  condition,  and  it  is  openly  asserted  by  all 
geologists  who  believe  that  the  earth  consists  of  a  solid  crust 
(more  or  less  thick),  reposing  upon  a  fluid  or  viscous  nucleus. 

It  has  been  proved  by  Sir  William  Thomson,  following  out  the 
views  of  the  late  Mr.  Hopkins,  that  the  present  condition  of  the 
earth,  taken  as  a  whole,  is  such  that  it  must  be  regarded  as  being 
more  rigid  than  glass  or  steel,  possibly  more  rigid  than  any  ter- 
restrial substance  under  the  surface  conditions  of  pressure. 

The  following  considerations  show  that  it  ma}'  be  fairly  doubted 
whether  the  earth  or  any  other  planet  ever  existed  in  a  fluid  con- 
dition. 

1.  The  possibility  of  the  equilibrium  of  the  rings  of  Saturn,  on 
the  supposition  that  they  are  either  solid  or  liquid,  has  been  more 
than  doubted,  and  the  most  probable  hypothesis  respecting  them 
is,  that  they  consist  of  swarms  of  discrete  meteoric  stones. 

2.  It  is  difficult  to  understand  the  low  specific  gravity  of  Jupi- 
ter and  the  other  outer  planets,  on  the  supposition  that  they  are 
either  solid  or  liquid,  for  we  know  of  no  substance  light  enough 
to  form  them.*     If  the  outer  planets  consist  of  discrete  meteoric 

*The  force  of  this  argament  could  not  be  felt  before  the  rcyelations  of  the  spcctro- 
•cope,  bccAQfte  nt  that  time  there  wan  no  proof  that  the  whole  universe  was  composed 
of  tbe  same  simple  substances,  and  those  very  limited  In  number. 

(89) 
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stones  moving  around  a  solid  or  liquid  nucleus,  the  difficulty  re- 
specting their  speciGc  gravity  would  disappear. 

3.  The  recent  researches  connecting  the  November,  the  August, 
and  other  periodic  swarms  of  shooting  stars  with  comets  tend  in 
the  direction  of  showing  that  comets,  in  cooling,  break  up  into  dis- 
crete solid  particles  (each  no  doubt  having  passed  through  the 
liquid  condition)  ;  and  that  probably  the  solar  nebula  cooled  in 
like  manner  into  separate  fiery  tears,  which  soon  solidified  by  ra- 
diation into  the  cold  of  space. 

4.  Mr.  Huggins's  recent  comparisons  of  the  spectroscopic  ap- 
pearances of  comets  and  incandescent  portions  of  meteoric  stones, 
showing  the  presence  in  both  of  hydrocarbon  and  nitrogen  com- 
pounds, confirm  the  conclusions  drawn  from  the  identity  of  the 
paths  of  comets  and  meteoric  periodic  shooting  stars. 

5.  Mr.  H.  A.  Newton,  in  a  remarkable  paper  read  before  the 
Sheffield  Meeting  of  the  British  Association  (1879),  showed  the 
possibility  (if  not  probability)  of  the  asteroids  being  extinct 
comets,  captured  and  brought  into  the  solar  system  by  the  attrac- 
tion of  some  one  or  other  of  the  outer  large  planets,  and  perma- 
nently confined  in  the  space  between  Mars  and  Jupiter,  which  is 
the  only  prison  cell  in  the  solar  system  large  enough  to  hold  per- 
manently such  disorderly  wanderers. 

In  the  same  paper.  Professor  Newton  threw  out  the  idea  that 
some  of  the  satellites  of  the  large  planets  might  also  be  of  com- 
etary  origin. 

From  all  these  and  other  considerations,  it  is  therefore  allowable 
to  suppose  that  the  earth  and  moon,  when  they  separated  from  the 
solar  nebula,  did  so  as  a  swarm  of  solid  meteoric  stones,  each  of 
them  having  the  temperature  of  interstellar  space  ;  t.  e.,  something 
not  much  warmer  than  460°  F.  below  the  freezing  point  of  water. 

Mr.  George  II.  Darwin  has  shown,  admirably,  how  the  earth- 
moon  system  may  have  been  developed  from  the  time  when  the 
earth-moon  formed  one  planet  revolving  on  its  axis  in  a  few 
hours,  to  the  present  time,  when  the  earth  and  moon  (in  conse- 
quence of  tidal  friction)  have  pushed  each  other  asunder  tp  a  dis- 
tance of  sixty  times  the  radius  of  the  earth .^ 

In  his  paper  on  the  tidal  friction  of  a  planet  ^  (supposed  viscous 
and  under  the  influence  of  bodily  tides  caused  in  it  by  an  external 

■  Proceedings  of  Roynl  Society,  19tli  June,  1879. 
•riiil.  Trans.,  1881,  Part  ii,  p.  494. 
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My  such  as  the  moon),  Mr.  Darwin  has  found  a  remarkable  equa- 
tion of  condition,  which  may  be  thus  expressed : 

^(/  r  )  «  ^  (1) 

where       y  =  distance  between  centres  of  earth  and  moon. 
t  =z  time  elapsed  from  a  fixed  epoch. 

n  =  angular  Telocity  of  earth's  rotation. 

Q  =  angular  velocity  of  moon's  orbital  revolution. 

p  =  quantity  varying  inversely  as  the  viscosity  of  the  planet. 

The  extreme  interest  of  equation  (1)  consists  in  the  appearance 
of  the  inverse  sixth  power  of  the  distance. 

As  the  function  ^  varies  very  slowly,  we  find  by  integration, 
for  any  portion  of  time  during  which  ^  may  be  regarded  as  con- 
stant 

t  =  Ar^+B,  (3) 

I  most  anexpected  and  remarkable  result. 

Upon  reading  Mr.  Darwin's  papers,  my  mind  turned  to  a  prob- 
lem with  which  I  was  familiar,  viz. :  the  retardation  of  the  earth's 
rotation  produced  by  the  lunisolar  tide  exerted  upon  the  ocean 
supposed  collected  in  an  equatorial  canal,  the  moon  and  sun  hav- 
ing no  declination,  and  I  readily  found  an  equation  to  express  the 
evolution  of  the  earth-moon  system,  on  the  foregoing  hypothesis 
as  to  friction. 

This  equation  is  the  following : 


^(VT)  «  ^  (4) 


where 


/  =  coefiScicnt  of  friction  supposed  proportional  to 

relative  velocity. 
Ar  varies  inversely  as  ?•'. 
V  =  velocity  at  earth's  equator. 

Tills  leads,  as  in  Mr.  Darwin's  hypothesis  of  viscous  earth,  to 
the  integral 

t  =  AV^+B'  (6) 
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The  form  of  the  functions  ^  and  ^  is  similar,  as  both  ascend  by 
odd  powers  of  (n — Q)  and  vanish  when  n:=i2,  that  is  to  say,  at 
the  beginning  and  end  of  the  evolution  by  friction  of  the  earth- 
moon  system. 

It  is  quite  clear,  therefore,  that  the  remarkable  expression  (1) 
found  by  Mr.  Darwin,  is  not  peculiar  to  his  special  h3^pothesis  of 
a  viscous  earth,  but  can  be  deduced  equall}^  well  from  the  totally 
distinct  hypothesis  of  an  absolutely  rigid  earth  retarded  by  the 
tidal  action  of  a  liquid  ocean. 

I  was  led  by  this  result  to  consider  the  case  of  the  earth-moon 
separating  (as  I  believe  the}'  did)  from  the  central  solar  mass,  in 
the  form  of  a  swarm  of  discrete  masses  of  meteoric  iron  and 
stone,  each  one  having  the  temperature  of  the  cold  of  interstellar 
space,  or  not  much  above  it.  Translating  this  conception  into 
mathematical  language,  I  find  that  the  equation  of  continuity  be- 
longing to  the  hydrodynamical  theory  applies  equally  well  to  the 
meteoric  theory,  viz. : 

vy=vfy'  (7) 

where  v,  v'  are  the  velocities  at  any  two  points,  and  y,  y*  are  the 
depths  of  the  ocean  or  meteoric  swarm  at  the  same  points. 

The  depth  of  the  swarm  or  ocean,  without  jostling  or  friction 
will  be  least  under  the  moon,  and  greatest  at  right  angles  to  the 
moon,  and  the  velocities  will  be  inversely.  Hence  the  chances  of 
jostling  among  the  meteorites,  when  disturbed  by  the  moon's  tidal 
action  will  be  proportional  to  the  velocity,  being  greatest  where 
the  velocity  is  greatest  and  the  area  of  passage  least,  and  vice 
versa. 

This  consideration  reduces  the  meteoric  problem  to  that  of  the 
hydrodj^namical  problem,  with  a  friction  proportional  to  the  ve- 
locit}^  and  gives  equations,  in  all  respects  similar  to  those  derived 
by  Mr.  Darwin,  from  the  hypothesis  of  a  viscous  earth. 

On  the  meteoric  hypothesis,  if  the  jostling  of  the  stones  be  slow 
they  may  cool  almost  as  fast  as  they  are  heated  and  the  result  will 
be  a  cool  earth  and  almost  indefinite  time  at  the  disposal  of  geolo- 
gists. 
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The  Parallax  of  a  Lyra  and  61  Ctgni.    By  Asaph  Hall,  of 
Washington,  D.  C. 

Th£  qaestion  of  the  parallaxes  of  the  fixed  stars,  or  their  dis- 
tances from  the  earth,  was  for  a  long  time  a  subject  of  speculation 
among  the  ancient  astronomers.      Very  little,  however,  could  be 
done  towards  answering  this  question  until  the  true  theory  of  our 
solar  system  had  been  discovered,  and  the  invention  of  the  tele- 
scope had  made  possible  more  accurate  astronomical  observations. 
Even   when  these  things  had  been   done  there  remained  other 
questions  to  be  solved,  such  as  those  of  aberration  and  refraction, 
before  astronomers  could  reduce  their  observations  correctly  and 
bring  the  problem  of  stellar  parallax  to  the  test  of  exact  meas- 
urement.    All  these  reductions  are  easy  to  us  now,  but  the  as- 
tronomer who  lived  two  hundred  years  ago  found  himself  in  a 
maze  of  perplexities,  and  nearly  a  century  passed  away  before 
these  difficulties  were  overcome  so  far  as  to  make  feasible  the  de- 
termination of  the  distances  of  the  stars. 

When  it  was  seen  that  the  motion  of  the  planets  around  the  sun 
is  undoubtedly  the  true  theory  of  our  solar  S3'stem,  and  that  we 
have  a  long  base  line  to  measure  from,  astronomers  were  not  slow 
to  undertake  observations  for  stellar  parallax.  One  of  the  ear- 
liest observers  was  Rothmann,  astronomer  for  William  of  Hesse, 
in  Germany.  Rothmann  found  a  difference  of  2'  in  the  latitude 
of  his  observatory  from  observations  made  in  summer  and  in 
winter,  and  hence  he  inferred  that  the  stars  have  an  annual  par- 
allax, which  confirmed  the  Copernican  theory  that  the  earth  is  in 
motion  around  the  sun.  But  Tycho  Brahe,  the  best  observer  of 
those  times,  declared  that  his  own  observations,  made  with  the 
best  instruments  and  with  the  greatest  care,  showed  no  such  change 
of  latitude ;  and  hence  Tycho  drew  the  conclusion  that  the  stars 
have  no  parallax,  and  that  the  theory  of  the  motion  of  the  earth 
around  the  sun  is  false.  One  of  the  most  ingenious  early  at- 
tempts to  investigate  stellar  parallax  was  that  of  Dr.  Robert 
Hooke  of  London  in  1669  ;  but  Hooke  seems  to  have  been  a  man 
of  unsteady  purpose,  and  failed  to  carry  out  his  plan  of  obser- 
vation, so  that  his  work  came  to  nothing.  The  next  remarkable 
attempt  was  by  the  English  astronomer,  Flamsteed,  in  1689-1697. 
FUmsteed  made  very  careful  determinations  of  the  zenith  dis- 
tances of  Folaiis  at  its  upper  and  lower  culminations  at  different 
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times  of  the  year,  and  correcting  these  for  precession  he  found 
that  the  results  showed  a  periodical  change,  which  he  ascribed  to 
parallax.  But  as  soon  as  Flainsteed  published  his  observations, 
it  was  pointed  out  by  Cassini  and  others  that  the  periodical 
changes  could  not  be  explained  by  a  parallax  of  the  star.  It  is 
curious,  however,  that  no  serious  attempt  was  made  to  account 
for  Flamsteed's  results,  the  most  careful  and  accurate  that  bad 
been  obtained  up  to  his  time.  These  results  contain,  in  fact,  the 
data  for  a  very  good  determination  of  the  constant  of  aberration, 
as  was  shown  by  C.  A.  F.  Peters  in  1846,  and  the  value  of  this 
constant  found  from  Flamsteed's  observations  is  in  error  only  a 
quarter  of  a  second  of  arc. 

Another  generation  of  astronomers  continued  their  attempts 
at  the  determination  of  stellar  parallax,  from  observations  of  the 
zenith  distances  of  the  stars,  but  with  no  results.  Many  of  these 
observations  show  periodical  changes,  which  gave  rise  to  various 
theories ;  but  probably  all  these  ciianges  may  be  explained  by 
variations  in  the  instruments,  or  by  incomplete  reduction  of  the 
observations.  In  fact,  no  trustworthy  determinations  of  parallax 
were  possible  until  after  the  discovery  of  the  aberration  of  light; 
and  Bradley's  discovery  of  this  phenomenon,  in  1728,  put  an  end 
to  most  of  the  crude  attempts.  The  coefficient  of  aberration  is 
20. ''4 ;  and  although  the  correction  for  aberration  is  zero  at  the 
time  of  the  maximum  of  parallax,  yet  the  motion  of  the  earth  in 
a  single  day  will  introduce  a  correction  for  aberration  amounting 
to  one-third  of  a  second  of  arc,  a  quantity  comparable  with  the 
parallaxes  of  the  stars.  Bradley  was  one  of  the  few  astronomers 
of  the  past  century  who  knew  tlie  value  of  accurate  and  definite 
observations,  and  from  his  own  work  he  drew  the  conclusion  that 
the  parallaxes  of  the  stars  must  be  less  than  a  second  of  arc. 
Bradley's  labors  seem  to  have  shown  astronomers  the  great  prac- 
tical difficulty  of  this  problem  of  stellar  parallax,  and  few  further 
attempts  were  made  until  toward  the  beginning  of  the  present  cen- 
tury when  the  instruments  had  been  much  improved. 

The  Italian  astronomer,  Piazzi,  in  1792-1804,  found  parallaxes 
of  several  of  the  bright  stars,  amounting  in  some  cases  to  3''or4", 
but  his  results  are  certainly  wrong.  About  this  time  Brinklej, 
the  astronomer  Royal  of  Ireland,  devoted  fourteen  years  of  care- 
ful and  intelligent  observation  to  the  question  of  stellar  parallax. 
This  is  one  of  the  most  remarkable  researches  of  the  kind  ever 
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made.  The  values  of  parallax  found  by  Brinkley  amount  in  some 
cases  to  2" ;  and  his  work  led  to  a  long  dispute  between  himself 
and  Fond,  the  astronomer  Royal  at  Greenwich.  Although  Brink- 
ley  was  a  skilful  astronomer,  and  a  man  whom  no  amount  of 
labor  could  deter,  yet  we  must  say  that  his  results  for  parallax 
are  mostly  eiToneous.  However,  the  great  difficulty  of  dealing 
with  this  question,  by  means  of  absolute  measures  made  with  di- 
vided circles,  seems  to  have  l)een  brought  out  clearly  by  Brink- 
ley's  observations  and  their  subsequent  criticism  and  discussion. 

The  most  elaliorate  and  successful  attempt  that  I  know  of  to 
determine  the  parallaxes  of  the  stars  by  such  absolute  measure- 
ments is  that  made  by  C.  A.  F.  Peters  at  Pulkowa  in  1842-'43. 
In  the  care  and  skill  of  observation,  and  completeness  of  reduction, 
this  work  has  never  been  surpassed.  Peters  finds  positive  values 
of  the  parallaxes  of  seven  of  the  eight  stars  observed,  and  in  the 
case  of  the  single  negative  parallax  the  value  is  less  than  a  tenth 
of  a  second.  The  parallax  of  1830  Groombridge  found  by 
Peters  is  0''.226d=0'M41  ;  a  value  much  less  than  that  found  by 
a  differential  method,  and  subsequent  investigations  have  proved 
the  correctness  of  Peters'  result. 

Tlie  absolute  determination  of  so  small  a  quantity  as  a  stellar 
parallax  is  an  extremely  difficult  matter,  since  the  observations 
must  be  extended  over  a  year,  during  which  the  instrument  is  ex- 
posed to  great  changes  of  temperature  which  act  on  the  circle, 
and  which  may  influence  the  reductions.  The  divided  circle  may 
be  avoidetl  by  using  a  transit  instrument  in  the  prime  vertical,  al- 
though the  field  of  observation  is  in  this  way  restricted  to  fewer 
Btars.  If  Struve's  method  of  reversing  the  instrument  in  each 
vertical  be  used,  and  stars  are  chosen  that  pass  near  the  zenith, 
two  of  the  instrumental  corrections  are  almost  wholly  eliminated ; 
bat  the  third,  or  level  correction,  comes  in  with  nearly  its  full 
valoe.  With  the  excellent  spirit  levels  made  by  Repsold,  it  was 
found  by  Struve  that  the  probable  error  from  this  source  was  only 
a  few  hundredths  of  a  second  of  arc.  For  stars  of  the  first 
and  second  magnitudes  that  can  be  obsen'ed  at  all  seasons  of  the 
year,  this  instrument  promises  good  results,  and  in  the  absolute 
determinations  of  parallax,  and  in  the  investigations  of  the  con- 
stants of  aberration  and  nutation,  it  may  yet  fulfil  the  expectations 
of  Struve. 
It  was  long  ago  pointed  out  by  Galileo,  that  if  two  stars  are  near 
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each  other,  and  one  of  them  is  bright  and  the  other  faint,  probably 
these  stars  are  at  greatly  different  distances  from  us ;  and  that 
differential  observations  of  such  stars  would  lead  to  a  knowledge 
of  their  difference  of  parallax.  Huygens  applied  this  method  to 
some  of  the  binary  systems,  and  of  course  found  no  parallax. 
A  century  afterwards  Herschel  also  applied  this  method  to  some 
of  the  binary  stars,  and  again  no  parallnx  was  found  ;  but  by  con- 
tinuing his  observations  Herschel  found  that  many  of  these  stars 
were  in  motion  around  each  other,  and  recognizing  that  such  stars 
must  be  at  nearly  the  same  distance  from  us,  he  saw  that  no  par- 
allax could  be  found  from  such  observations.  In  some  respects, 
however,  this  method  of  Galileo  presents  great  advantages.  Tlie 
observations  being  merely  differential  they  can  be  made  with  mi- 
crometers of  various  kinds,  and  with  greater  accuracy  and  ease 
than  absolute  determinations.  The  reductions  are  also  far  simpler 
and  more  easily  computed,  and  we  avoid  in  a  good  degree  the 
effects  produced  by  changes  of  temperature.  It  is  true  that  by  this 
method  we  get  onl}'  the  difference  of  the  parallaxes  of  the  stars, 
and  there  will  always  remain  some  doubt  concerning  the  value  of 
the  real  parallax.  But  if  a  number  of  different  stars  be  used  for 
comparison,  and  the  same  value  of  the  parallax  be  found  from  the 
various  stars,  we  may  fairl}'  conclude  that  the  parallax  belongs  to 
the  principal  star.  A  practical  difficulty  is  met  with  here  in  the 
fact  that  most  of  the  stars  that  have  large  proper  motions,  and 
those  that  for  other  reasons  are  such  as  we  would  observe  for  par- 
allax, have  no  suitable  comparison  stars  within  reach  of  the 
micrometers  commonly  in  use  ;  that  is,  if  we  follow  the  method  of 
measuring  angles  of  position  and  distance,  which  is  perhaps  the 
best.  In  some  cases  this  difficult}'  may  be  avoided  by  observing 
only  the  difference  of  declination,  when  the  coefficient  of  parallax 
in  declination  is  not  too  small,  although  by  doing  this  we  give  up 
the  advantage  of  an  independent  determination  of  the  parallax 
from  the  angle  of  position. 

In  1862  a  series  of  observations  of  a  Lyras  was  begun  at  the 
U.  S.  Naval  Observatoiy  by  Professor  J.  S.  Hubbard,  and  this  se- 
ries was  continued  by  Professor  S.  Newcomb  and  his  assistants 
until  April,  1867.  Each  complete  observation  consists  of  four 
transits  over  seven  wires,  the  instrument  being  reversed  in  each 
vertical.  This  star  passing  only  a  quarter  of  a  degree  south  of 
our  zenith,  the  correction  for  azimuth  is  nearly  zero,  and  the  colli- 
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mation  being  eliminated  by  the  method  of  observiDg,  there  remained 
only  the  coiTection  for  the  level,  which  was  determined  by  an 
excellent  instrument  made  by  Wiirdemann  of  Washington.    This 
long  aod  careful  series  of  observations  proved,  however,  of  no  value 
for  determining  the  parallax  of  this  star.    Some  unknown  disturb- 
ance acted  in  such  a  way  tliat  the  parallax  comes  out  negative. 
This  unfortunate  result  led  me  to  make  an  attempt  to  find  the 
parallax  of  this  star  by  the  differential  method,  while  our  observatory 
remains  on  its  present  site.    These  observations  were  begun  May 
24, 1880,  and  were  finished  July  2,  1881.     As  the  famous  star  61 
Cygni  could  be  observed   without  spending  much   more  time, 
ob9er>'ations  on  this  star  were  begun  Oct.  24,  1880,  and  ended 
Dec.  7,  1881.    These  observations  were  the  simplest  possible, 
being  measures  of  the  difference  of  declination  from  a  comparison 
star  of  the  tenth  magnitude.    My  observations  of  a  Lyrse  consist 
of  two  series,  one  with  a  bright  field  and  dark  wires,  and  the  other 
with  a  dark  field  and  bright  wires ;  those  of  61  Cygni  were  made 
with  the  dark  wires  only.    Before  beginning  these  measurements  an 
arrangement  was  attached  to  the  tube  of  the  micrometer  for  adjust- 
ing the  stellar  focus,  so  that  this  adjustment  could  be  deliberately 
«nd  carefully  made,  and  during  the  work  care  was  taken  that  this 
adjustment  should  be  always  exact.    In  the  case  of  our  26-inch 
refractor  the  tube  of  the  micrometer  is  shifted  one-thirtieth  of  an 
inch  during  the  year,  it  being  pushed  in  during  the  cold  weather 
Md  drawn  out  in  summer.    It  has  been  assumed  in  all  our  previous 
redoctions  that  the  coefficient  of  temperature  for  the  screw  of  our 
micrometer  is  zero.    To  test  this  assumption,  which  would  have  an 
important  influence  on  the  reductions,  at  the  same  time  that  the 
ob6er\'ations  for  parallax  were  going  on  a  series  of  measurements 
WMmade  on  a  pair  of  stars  in  the  cluster  h  Persei.     These  meas- 
orements  were  not  reduced  until  the  observations  for  parallax  were 
^wbed,  and  on  account  of  the  previous  result  of  a  zero  coefficient 
for  temperature,  the  measurements  were  not  so  numerous  as  they 
°^'ght  otherwise  have  been  ;  still  they  show  a  decided  correction 
for  change  of  temperature. 
I'heohservations  for  parallax  were  arranged  so  that  the  microra- 
•^f«nd  the  wires  were  reversed  on  each  night,  and  at  the  end  of 
*'' observation    the  wires  were  restored   to   their  first  position. 
^  of  these  observations  being  reduced  to  a  chosen  epoch  by 

A*  A.  A.  8.,  VOL..  XXXI.  7 


98       PARALLAX   OF   a  LTILA   AND   61    CTQKI ;   BT  A8APH  HALL. 

correcting  for  proper  motion,  precession,  nutation  and  aberration, 
gives  an  equation  of  condition  of  tlie  form 

«  +  &y  +  c«  4"  ^^  "I"  *  =  ^> 

where  m  is  the  correction  to  the  assumed  difference  of  declination, 
y  the  correction  to  the  assumed  value  of  the  annual  proper  motion, 
%  the  difference  of  the  constants  of  aberration  for  the  two  stars, 
u  the  difference  of  the  parallaxes  of  the  stars,  and  n  is  the  residu- 
al between  the  observed  difference  of  declination  and  an  assumed 
value.  The  assignment  of  weights  to  such  equations  is  a  delicate 
matter,  and  whenever  possible  I  have  preferred  to  give  the  weight 
unity  to  each  of  them,  notwithstanding  the  fact  that  the  observations 
were  made  under  very  different  conditions  of  the  images.  The 
solution  of  each  set  of  equations  by  the  method  of  least  squares 
gives  the  following  values  of  the  parallax : 

Dark  wires,  ir  =  0'M556  dr  0".00764. 
Bright   **       it  =  0.2080   ±  0  .00827. 
Taking  the  mean  of  these  results  by  weight,  we  have  the  final 
result : 

:r  =  0".1797  ±  0".00561. 
Time  of  light     =  18.11  Julian  years. 

61  Cygni. 

Dark  wires,     tt  =  0".4783  ±  0".01881. 
Time  of  liglit     :=  6.803  Julian  3*ears. 

The  substitution  of  these  values  in  the  equations  of  condition  shows 
that  the  greatest  residual  in  the  case  of  a  Lyrae  is  for  the  dark 
wires  0'M20 ;  and  for  the  bright  wires  it  is  0'M60,  there  being  69 
equations  in  the  first  case  and  59  in  the  second.  The  observations 
of  61  Cygni  are  not  quite  so  good,  the  greatest  residual  here 
among  the  66  equations  being  0''.209. 

The  star  61  Cygni  has  one  of  the  largest  and  best  determined 
parallaxes  that  wo  know  of,  since  a  recent  investigation  by  Dr. 
Elk  in  has  reduced  that  of  a  Centaur!  to  nearly  the  same  value. 
This  quantity  being  half  a  second  of  ai*c,  it  can  be  seen  easily  with 
a  good  telescope.    But  a  tenth  of  a  second  is  so  small  that  one 
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can  hardly  distinguish  it  even  with  the  highest  magnifying  powers, 
except  with  remarkably  steady  and  distinct  images.  To  determine 
a  parallax  of  this  amount  we  must  trust  therefore  that  in  a  large 
series  of  measurements  the  influence  of  the  parallax  will  be  shown 
in  the  mean  result.  And  my  own  experience  has  convinced  me 
that  such  will  be  the  case,  if  the  observer  be  careful,  and  has 
practised  so  long  that  his  habit  of  observing  will  not  change 
during  the  period  of  observation. 


Ok  a.  vetbod  of  beducikg  different  Catalogues  of  Stars  to  a 
BOMOGEKKOCS  SYSTEM.  By  WiLLiAM  A.  RoGERs,  of  Cambridge, 
Mass. 

[ABSTRACT.] 

*Whbk  two  catalogues  of  stars  which  have  been  independently 
observed  are  compared,  it  will  be  found  that  there  are  certain 
systematic  deviations  inter  se  which  are  functions  either  of  the 
right  ascension  or  of  the  declination,  or  of  both  the  right  ascension 
and  the  declination.  If  all  the  stars  in  the  two  catalogues  are 
compared  for  each  hour  of  right  ascension  and  the  mean  of  the 
deviations  for  each  hour  be  taken,'  it  will  be  found  that  this  mean 
is  never  a  constant.  So  also  the  mean  of  the  residuals  obtained 
by  combining  the  stars  in  groups,  arranged  in  the  order  of  decli- 
nation, will  be  found  to  vary  with  the  declination. 

Now  our  knowledge  of  the  motion  of  the  solar  system  in  space 
depends  uix>n  our  knowledge  of  the  proper  motions  of  the  stars 
composing  the  stellar  system.  Since  all  the  catalogues  of  stars 
which  have  ever  been  made,  have  variations  from  any  normal 
system  assumed,  it  is  necessary  to  reduce  each  catalogue  to  a 
common  system  before  the  observations  can  be  employed  in  the 
determination  of  the  proper  motion. 

It  is  the  common  practice  to  arrange  the  stars  in  the  order  of 
right  ascension  and  to  take  the  mean  of  the  residuals  from  the 
normal  system  chosen  for  each  hour.  Since  these  residuals  in- 
volve the  accidental  errors  of  observation,  it  is  then  necessary 
to  obtain  a  system  of  mean  corrections  which  shall  be  as  nearly 
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free  as  possible  from  accidental  errors.    There  are  two  methods 
of  doing  this— 

I.  The  Analytical  Method. 

If  we  have  a  series  of  residuals  Ja  arranged  in  the  order  of 
right  ascension,  which  are  strictly  circular  functions,  we  may 
always  assume : 

Ja  =  a  constant  4*  ^  sin  a  -|-  n  cos  a  -{-m*  sin  2a  -\-  n*  cos  2a  etc. 

From  the  solution  of  a  series  of  equations  of  this  form  the 
values  of  m  n  m'  and  n*  can  be  found  by  the  process  of  least 
squares.  Hence  the  value  of  J  a  becomes  known  for  any  right 
ascension. 

II.  The  Graphical  Method. 

If  we  assume  any  given  unit  in  right  ascension  as  a  horizontal 
argument,  and  an  aliquot  part  of  Ja  as  a  vertical  argument,  it  is 
obvious  that  iK>ints  representing  Ja  may  be  laid  off  which  will 
bear  a  definite  relation  to  a  fixed  horizontal  line.  If  a  smooth 
curve  be  drawn  through  these  points  values  of  Ja  nearly  repre- 
senting observation  may  be  derived  for  any  right  ascension  by 
reading  off  the  vertical  coordinate  passing  through  the  curve  at 
this  point. 

Now  when  the  systematic  deviations  of  any  catalogue  from  the 
normal  system  have  been  found  by  either  of  these  methods  and 
have  been  applied  to  the  positions  of  the  catalogue,  it  will  still 
nearly  always  be  found  that  there  are  remaining  residuals  which 
are  functions  of  the  declination.  These  residuals  can  be  treated 
either  analytically  or  graphically  by  the  methods  just  described. 

But  when  the  chosen  catalogue  has  been  reduced  to  the  normal 
system  by  the  application  of  both  of  these  classes  of  systematic 
corrections,  i.  e.,  those  depending  on  the  right  ascension,  and  those 
depending  on  the  declination,  obtained  independently,  there  are 
several  catalogues  which  still  show  a  system  of  residuals  which 
are  functions  of  both  the  right  ascension  and  of  the  declination. 

It  is  easy  to  see  why  this  must  be  so,  to  a  certain  extent. 
Nearly  all  modern  catalogues  depend  upon  Bessel's  constants  of 
precession.    A  few,  however,  depend  upon  Struve's  constants. 

In  order  to  reduce  the  annual  variation  for  Bessel's  constants  to 
those  of  Struve,  we  have :  — 

Struve  =  Bessel  +  .001123  -f  000129— tang  d  sin  a 
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It  will  be  seen  that  the  variable  part  of  this  reduction  depends 
upon  both  a  and  d. 

Both  of  the  methods  described  for  comparing  different  catalogues 
with  a  normal  catalogue  are  open  to  the  objection  that  the  coordi- 
nates of  any  given  star  when  referred  in  this  way  to  a  normal  sys- 
tem, ma}'  differ  by  a  small  amount  from  the  values  of  the  coordi- 
nates derived  by  a  direct  reduction  of  the  instrumental  constants 
from  the  fundamental  stars  of  the  system.  I  estimate  the  uncer- 
tainty arising  in  this  way  to  be  about  =t:  0.015'  in  Aa  and  ^b  0.20'' 
in  J^. 

In  the  reduction  of  the  zone  stars  observed  at  the  Harvard 
College  Observatory^  the  instrumental  constants  from  1871  to  1876 
have  been  recomputed  from  the  final  positions  of  the  fundamental 
catalogue  upon  which  it  is  to  be  based,  viz.,  upon  the  catalogue  of 
fundamental  stars  in  publication,  the  primary  reductions  having 
been  made  with  the  provisional  places  of  these  stars.  When,  there- 
fore, the  final  catalogue  is  completed,  the  data  will  be  at  hand  for 
a  definite  determination  of  the  amount  of  this  uncertainty.  But 
since  this  reduction  is  entirely  impracticable  in  the  case  of  the  cata- 
logues already  published  finally,  some  method  of  reducing  different 
catalogues  to  a  homogenous  system  is  an  absolute  necessity.  Ad- 
mitting the  necessity — that  method  is  to  be  preferred  which  will  re- 
duce  the  residuals  Aa  and  M  to  a  minimum^  whatever  tJie  order  or 
tlte  limits  of  the  groups  ifito  whicJi  they  may  be  divided. 

The  method  proposed  is  as  follows :  — 

(a)  The  residuals  are  first  arranged  in  the  order  of  declination. 
Tlie  mean  values  for  any  group  represent  nearly  the  corrections 
for  the  mean  declination  of  that  group,  and  for  twelve  hours  of 
right  ascension. 

(6)  The  residuals  for  each  group  minus  the  mean  value  for  that 
group,  are  then  arranged  in  the  order  of  right  ascension,  and  a 
graphic  carve  is  drawn  through  the  points  representing  these  values. 
Each  curve  will  give  a  series  of  values  for  the  even  hours  of  right 
ascension,  which  are  arranged  in  vertical  columns,  the  horizontal 
argument  being  the  mean  declination.  It  will  be  seen  that  the 
values  in  the  vertical  columns  arc  derived  from  the  same  curve, 
while  those  in  the  horizontal  columns  are  derived  from  different 
curves.  In  order  to  connect  the  different  groups  in  declination  a 
carve  is  drawn  through  the  points  represented  by  the  residuals  in 
the  horizontal  columns.    This  will,  of  course,  distmb  to  a  slight 
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extent,  the  values  already  found  in  the  vertical  columns,  but  tbej 
can  in  turn  be  rectified  in  the  way  already  described.  A  second 
approximation  will  ordinarily  give  smooth  curves  for  both  the 
vertical  and  the  horizontal  arguments. 

(c)  On  account  of  the  limited  number  of  residuals  which  usually 
compose  the  groups  arranged  iu  the  order  of  declination,  there  is 
danger  of  introducing  systematic  errors  in  drawing  the  graphic 
curves.  Hence,  after  the.  sum  of  the  two  residuals  already  found 
has  been  subtracted  from  the  original  residuals,  the  new  values  are 
arranged  in  the  order  of  right  ascension  and  a  smooth  curve  is 
drawn  through  the  points  thus  found,  giving  the  means  of  obtain- 
ing the  slight  corrections  which  still  remain. 

This  method  has  been  followed  in  a  paper  printed  in  Vol.  X  of 
the  Memoirs  of  the  American  Academy  of  Arts  and  Sciences  on  '^  A 
comparison  of  the  Harvard  College  Observatory  Catalogue  ot 
Stars  for  1875.0  with  the  fundamental  systems  of  Anwers,  Safford, 
Boss  and  Newcomb." 


Ok  the  Perfobhance  of  a  New  Form  of  Level  invented  Br 
Mb.  John  Clark  of  the  U.  S.  Coast  Survey.  By  Williak 
A.  Rogers,  of  Cambridge,  Mass. 

[▲B8TBACT.] 

Experienced  observers  have  often  expressed  the  opinion  that 
the  level  as  ordinarily  constructed  cannot  he  regarded  as  an  instru- 
ment of  precision.  It  will  be  admitted  on  every  hand  that  it  is 
not  made  by  a  scientific  methoil.  In  fact,  the  method  of  construc- 
tion is  of  the  most  crude  kind.  The  maker  chooses  a  glass  cylin- 
der as  uniform  in  thickness  and  density  as  he  can  obtain  and  pro- 
ceeds to  grind  an  interior  curve  of  unknown  radius  with  an  emery 
and  a  polishing  tool.  He  has  no  means  of  determining  the  exact 
radius  by  observation.  He  is  unable  to  test  the  equality  of  the 
curvature  on  each  side  of  the  centre,  until  after  the  cylinder  has 
been  filled  with  a  fluid  and  after  the  ends  have  been  hermetically 
sealed.    Even  then  the  test  is  only  a  relative  one.    It  is  of  the 
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same  kind  as  the  observations  which  are  made  with  the  completed 
level. 

As  the  result  of  many  years  of  experience  I  have  reached  the 
conclusion  that  an  astronomical  level  can  be  regarded  as  an  in-* 
stmment  of  precision,  only  when  it  is  subjected  to  adequate  tests 
during  the  series  of  observations  in  which  it  is  employed.  A  given 
level  may  measure  small  angles  with  great  precision,  but  the  same 
level  under  different  conditions  may  give  untrustworthy  results. 

Even  with  an  instrument  which  has  no  graduated  circle,  an  ad- 
equate level  trier  can  be  constructed  by  placing  a  graduated  scale 
at  a  known  focal  distance.  In  the  case  of  the  Meridian  Circle  of 
Harvard  College  Observatory  the  level  is  placed  in  Y's  attached  to 
the  cube  of  the  instrument  placed  parallel  with  the  optical  axis. 

In  order  to  show  the  necessity  for  repeated  and  continuous  ob- 
servations for  the  determination  of  the  value  of  one  division  of  the 
level,  I  record  here  my  experience  with  the  companion  level  of  the 
instrument  known  as  the  Russian  Transit.  It  was  made  in  the 
workshop  of  the  Pulkowa  Observatory. 

I  b^an  the  observations  about  eight  o'clock  in  the  morning  of 
Nov.  13t  by  comparing  the  readings  of  the  circle  with  bubble  first 
at  the  middle  of  the  tube  and  then  at  the  extreme  end.  Proceeding 
in  this  way  with  each  five  divisions  in  succession  I  was  surprised  to 
find,  not  only  a  continued  diminution  of  the  value  of  one  division, 
but  a  well  defined  shifting  of  the  zero  of  the  level.  By  noon  I  had 
neai'lj  completed  the  examination  for  the  first  half  of  the  divisions. 
I  then  opened  the  shutters  for  an  observation  of  the  sun.  After 
an  interval  of  ten  minutes,  observations  with  the  level  were  re- 
sumed when  it  was  found  that  the  value  of  one  division,  determined 
from  the  same  space  as  before,  had  increased  by  one-fourth  of  its 
mean  value.  It  will  be  sufilcient  to  give  in  illustration  the  results 
of  the  observations  on  three  days* 

1881  Not.  1$.  Kov.  U.  Nov.  W. 

Shatters  doted.  1  dU  aBl.76"  Th.«BS8*  1  di7aBl.S0"Th.aB40'  Idl7s2.06"  Th  s:47* 
Shnlton  0|>«n.      IdiwS.OS    Tb.aBtiS*  1  diTsra.06"Th.aB7(r  Idiv  kI.TS"  ThsSO" 

In  these  observations  the  level  was  held  in  position  in  the  Y's 
with  a  light  spring.  A  second  series  of  observations  was  made 
with  the  tube  mounted  as  follows :  At  the  suggestion  of  Mr. 
George  B.  Clark,  oval  rings  of  brass  were  fitted  loosely  upon  the  tube 
and  held  in  position  with  wax.    These  rings  were  then  placed  in 
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Y'b  one  end  being  fastened  with  a  spring  clip  while  the  other  end 
was  free.  A  third  series  was  made  with  the  tube  fastened  directly 
to  the  cube  of  the  telescope  at  its  neutral  points  by  means  of  a  hard 
cement.     The  results  are  given  below. 


8EBIE8  I. 

SERIES  II. 

SERIES  ni 

• 

1881  Bf  ay  22 

1  diY 

S2.90" 

1881  Not.  23   ldlvaBl.68" 

1881  Oct. 

7 

IdiY 

B2.25" 

«     22 

aB2.G8 

*( 

7 

ae8.85 

Sept.  1 

SS2.G0 

•<     85             ■■2.48 

M 

8 

«1.6A 

"      7 

&B1.83 

(1 

8 

Bsi.ea 

"      7 

sl.92 

•<     89              K2.18 

M 

8 

sl.66 

"      S 

ES2.83 

U 

9 

=s].08 

"       9 

sr2.74 

1882  Jan.    8             b1.80 

U 

9 

BE  1.59 

«     12 

M8.42 

U 

18 

=  1.71 

«     IS 

K2.80 

«     IS             «1.9i 

u 

M 
it 
M 

IS 
IS 
18 
20 

Me 

sO.SS 
8S1.28 
=  1.17 
=  1.83 

Mean 

8.66 

Mean         8.01 

an 

1.57 

It  is  hardly  necessary  to  6ay  that  this  level  has  been  discarded 
as  worthless.  On  the  other  hand  the  mounteil  level  furnished  with 
the  Russian  Transit  proves  to  be  an  excellent  one. 

A  simifar  test  with  a  level  invented  by  Mr.  John  Clark  has  given 
good  results.  The  level  tube  is  supported  upon  centres  which 
are  attached  to  a  plate  which  revolves  freely  upon  another  plate  de- 
scribed by  the  inventor  as  a  "reference  plate."  This  "reference 
plate"  is  attached  to  the  cube  of  the  telescope  by  three  adjusting 
screws.     The  following  are  the  steps  of  an  observation. 

The  telescope  pointing  north,  the  bubble  is  read  for  position  east 
and  position  west.  The  telescope  pointing  south,  the  level  is  now 
on  the  under  side  of  the  cube.  Revolving  the  tube  upon  its  centres 
180°,  the  bubble  is  read  as  before.  This  level  therefore  gives  not 
only  the  inclination  of  the  axis,  but  the  ellipticity  of  the  pivots. 

This  form  of  level  is  especially  adapted  to  the  easy  determina- 
tion of  the  value  of  one  division.  I  give  below  the  results  of  the 
determinations  thus  far  made.    The  separate  results  are  the  re« 
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raits  of  observations  on  different  days.    They  therefore  involve 
the  accidental  en*or9  of  observation. 


Sept.  «.78"  2.71"  2.7»"  2.80"  2.90"  2.87"  2.87"  8.07"  2.68" 

Oct.  2.61  2.90  2.79    2.53 

Not.  2.82  2.88  8.11    3.46    2.85    2.84    2.91    2.99    2.89    2.71    2.98 

Dec  2.85  2.96  8.13 

Feb.  3.31  2.97  2.68    2.77    2.99    2.62 

Mar.  2.7S  8.21 

Apr.  2.92  2.80  8.01 

May  2.85  2.83 

Jano  2.87  8.01 


Means. 
2.83" 
2.7S 
2.74 
2.96 
2.87 
2.97 
2.91 
2.89 
2.04 


The  steadiness  of  the  level  of  the  instrument  is  something  re* 
markable  as  is  shown  by  the  following  separate  obseiTations 
vhich  are  here  published  by  the  permission  of  Professor  Pickering 
the  Director  of  the  Observatory. 


1862  Feb. 

8 

b  a  +.78* 

Apr. 

8 

6a=+.n 

Jnne  25 

6  s +.74* 

i< 

6 

(a +.81 

•( 

14 

5  s +.80 

July     3 

6  s +.63 

M 

14 

ds+.as 

II 

24 

6  as +.81 

"      10 

6s^+.72 

M 

23 

fts+.80 

May 

1 

&SS+.79 

"      81 

6  s  +.61 

M 

26 

6  a +.80 

II 

15 

&S+.75 

Aug.  16 

6  s  +.71 

Jfar. 

5 

&S+.78 

<{ 

29 

6  =  +.72 

"      25 

6  s +.68 

u 

14 

6  s: +.73 

June 

11 

6  s +.01 

Sept.    7 

6  s +.66 

M 

20 

5  a- +.74 

II 

19 

5  s +.66 

Oct.     2 

6  s +.61 
6  s +.65 

Off  THE  Abtthmbtic  OF  CHORDS.    By  C.  p.  Hart,  of  Wyoming, 
Ohio. 

[AB8TIUGT.] 

AffCiEKT  trigonometry,  which  gave'birth  to  what  is  known  as  the 
"  Arithmetic  of  Signs  or  Chords,"  though  long  superseded  by  the 
much  more  comprehensive  and  convenient  processes  and  formulfe 
derived  from  the  circular  functions,  developed  by  modern  trigo- 
nometry, is  nevertheless  of  considerable  practical  value  in  some 
trigonometrical  calculations,  especially  when  the  usual  logarithmic 
tables  do  not  happen  to  be  at  hand.    Indeed,  in  the  solution  of 
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certain  cases  of  plane  oblique-angled  triangles,  the  arithmetical 
solution  by  chords  is  as  simple  and  expeditious  as  is  that  of  plane 
right-angled  triangles  by  the  Pythagorian  problem,  from  which  the 
arithmetical  relations  were  originally  derived. 

The  author,  in  developing  these  relations,  discussed  the  following 
formulae,  beginning  with  the  most  simple,  and  obtained  definite  ex- 
pressions for  both  acute  and  obtuse-angled  plane  triangles  —  first, 
for  every  fifteen  degrees,  and  finally  for  all  angles  whatsoever,  the 
latter  being  the  equivalent  of  the  well-Icnown  trigonometrical  ex- 
pression, AC2  =  BC3  ±  2  COS.  B  X  BC.  B A. 

FORMULJ£  : 

e    60^  BC2  =  ABa  +  AC3  — AB.  AC. 

d  120^  BC2  =  AB2  +  AC2  +  AB.  AC. 

e    45^  BC2  =  AB3  +  AC2  —  AB.  AC  X  i/  2". 

<?135^  BC3  =  AB2  +  AC2 -f- AB.  AC  X  i/2. 

e    30^  BC2  =  AB«  +  AC2  —  AB.  AC  X  i/sT. 

0  \b(f.  BC9  =  AB3  +  AC2  +  AB.  AC  X  \/^. 

e    15^  BC2  =  AB9  +  AC2  —  AB.  AC  X  (2  +  3*)*. 

e  165^  BC3  =  AB2  +  AC2  +  AB.  AC  X  (2  +  3*)*. 

0    75^  BC9  =  AB3  +  AC2  —  AB.  AC  X  (2  —  3*)*. 

0  105^  BC2  =  AB2  -f  AC2  +  AB.  AC  X  (2  —  3*)*. 

GENERAL   FORMULA. 

For  all  oblique-angled  plane  triangles:  BC^  =  AB^ -f  AC« ± 
AB.  AC  X  BB'  (the  chord  of  the  difference  between  the  contained 
angle  and  its  supplement)  of  a  circle  whose  radius  is  one. 


Circular  Coordinates,  and  Complex  Anharmonic  Ratios.    By 
Wm.  Woolsey  Johnson,  of  Annapolis,  Maryland. 

[AB8TSACT.] 

The  position  ratio  of  a  point  referred  to  two  fixed  points  A  and 
B  being  defined  as  the  ratio  AP :  BP,  AP  and  BP  being  directed 
lines,  is  a  complex  quantity  which  may  be  written 

pe^^znp  (cos^  -["*  s"^  0)=zX'\-iy 
p  and  0y  or  x  and  y,  may  be  taken  as  real  coordinates  of  P ;  and 
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it  is  shown  that  the  loci  of  />  =  constant,  ^=:  constant,  a;  =  con- 
stant, y  =  constant  are  all  circles.    When  B  is  removed  to  infinity, 
^e  have  ordinary  polar  and  rectangular  coordinates.     Substituting 
X  for  1 — 2  we  have  a  symmetrical  system  of  xy  coordinates,  in  which 
it  is  siiown  that  the  equation  of  a  curve  is  the  same  as  that  of  its 
inverse  in  ordinary  rectangular  coordinates. 

P  may  also  be  determined  by  the  ratio  of  its  position  ratio  to 
that  of  an  assumed  fixed  point  Q  not  on  the  line  A  B.  This  is  a 
complex  anharmonic  ratio ;  when  put  in  the  form  p  e*^  =:X'\'iy  the 
loci  of  ^  =  constant,  etc.,  are  still  all  circles. 

The  anharmonic  ratio  is  real  for  four  points  situated  on  the  same 
circle.    In  particular  the  case  of  harmonic  ratio  is  considered  and 
the  general  construction  of  harmonic  conjugates  is  given.     If  two 
circles  cut  orthogonally,  harmonic  conjugates  on  one  of  them  with 
respect  to  the  points  of  intersection  are  on  the  same  diameter  of 
the  other  J  and  if  three  circles  are  mutually  orthogonal  their  inter- 
section forms  three  mutually  conjugate  pairs  of  points.     The  same 
construction  determines  points  whose  anharmonic  ratio  is  »', 


IsYERSE  Elliptic  Functions  and  the  Ixaoinart  Period.      By 
Wm.  Woolset  Johnson,  of  Annapolis,  Md. 

[▲B8TKA0T.] 

The  elliptic  functions  sn  u  en  tf  dn  Uy  with  their  reciprocals  and 
ratios,  constitute  twelve  elliptic  functions  which,  according  to  a  no- 
tation proposed  by  Mr.  J.  W.  L.  Glaisher,  are  denoted  by  sn,  en,  dn, 
Ds,  nc,  nd,  sc,  sd,  cs,  cd,  ds,  dc.  These  may  be  regarded  as  the  ra- 
tios of  foiH'  quantities  «,  c,  d,  n,  of  which  only  the  ratios  are  dealt 
with  in  homogeneous  equations.  The  derivatives  of  the  functions 
are  expressed  in  this  notation,  and  from  them  are  deduced  the 
values  of  the  inverse  functions  expressed  as  integrals. 

From  the  latter  the  usual  expressions  for  the  direct  elliptic  func- 
tions of  an  argument  of  the  form  i  v  in  terms  of  functions  to  the 
modulus  k'  are  readily  derived,  and  these  are  used  to  deduce  the 
imaginary  period  of  the  elliptic  functions. 
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C0N8BBTAT10N  OP  Solar  Enbrgt.    By  Flint  Earlb  Chasb,  of 
Haverford  College,  Pa. 

[ABSTBAOT.] 

All  forms  of  solar  energy  are  due  to  solar  radiation.  The 
maintenance  of  the  energy  depends  on  the  maintenance  of  the 
radiations.  In  investigating  the  relations  of  centripetal  and  cen- 
trifugal action  and  reaction,  it  seems  desirable  to  consider  the 
following  hypotheses  and  conclusions : 

1.  Laplace's  estimate  that  the  velocity  of  transmission,  in  grav- 
itating acceleration,  if  finite,  is  at  least  100,000,000  times  as  great 
as  the  velocity  of  light. 

2.  Le  Sage's  hypothesis  that  gravitation  and  luminous  radiation 
represent  equal  actions  and  reactions. 

8.  Faraday's  search  for  a  gravitating  constant. 

4.  Herschel's  comparison  of  the  mean  vis  viva  of  light  with  that 
of  sound. 

5.  Weber's  identification  of  the  velocity  of  light  C^),  with  the 

"electromagnetic  ratio  (•  ). 

6.  Berthelot's  "  explosive  waves"  and  their  action  on  waves  of 
sound. 

7.  Siemens's  inquiries  into  the  combined  influence  of  rotation, 
centrifugal  action,  gravitating  fall,  and  chemical  afldnity. 

To  these  considerations  the  following  may  be  added : 
6.   If  there  is  a  natural  unit  of  force,  we  may  look  for  a  natural 
unit  of  velocity. 

9.  Oscillations  may  be  orbital,  pendulous,  or  wave. 

10.  Different  transformations  of  similar  oscillations  are  harmonic. 

11.  Rotation  may  be  regarded  as  a  pendulous  motion  due  to  re- 
tarded and  modified  revolution. 

12.  The  resemblance  of  Le  Sage's  theory  to  the  kinetic  theoiy 
of  gases  points  to  a  probability  that  the  natural  unit  of  velocity  is 
oscillatory.  This  probability  is  strengthened  if  we  assume  the 
existence  of  molecular  and  intermolecalar  elasticity. 

13.  In  looking  to  the  activities  of  the  principal  mass  in  our  sys- 
tem,  for  indications  of  a  natural  unit  of  velocity,  we  find  that 
gravitating  velocities  may  be  represented  b}'  gL 

14.  In  order  that  fft  may  be  constant,  t  must  vary  inversely  as  g 
and,  therefore,  directly  as  r^.    This  variation  is  found  in  the  rota- 
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tion  of  a  nebuloas  sphere,  where  it  holds  good  for  all  stages  of 
expansion  or  contraction  which  are  not  affected  by  external  influ- 
ence. 

15.  Gravitating  acceleration  should  do  its  whole  work  in  stellar 
rotation,  as  well  as  in  planetary  revolution. 

16.  Particles  exposed  to  solar  superficial  gi*avitating  acceleration 
during  a  single  oscillation  of  half-rotation,  would  acquire  a  constant 
velocity  which  is  equivalent  to  the  velocity  of  light.  If  we  desig- 
nate this  velocity  by  •  we  have  ^  ^gt:=i^^a.s  a  gravitating  con- 
stant, which  gives  the  following  extension  to  Weber's  analogy ; 
^^z=^^=^  ,    In  other  words,  the  unit  of  velocity  which  is  indicated 

by  solar  rotation,  is  the  same  as  is  indicated  by  light  and  by  elec- 

tricitv. 

17.  The  velocity  of  light,  like  the  velocity  of  sound,  thus  repre- 
sents an  elastic  atmosphere  whose  height,  if  homogeneous,  would^ 
be  twice  the  virtual  fall  which  would  give  the  velocity  in  question, 
and  whose  elasticity  is  in  harmonic  accordance  with  solar  rotation 
and  planetary  revolution. 

18.  Subsidence,  from  Laplace's  limit  of  synchronous  rotation 
and  revolution  to  the  poles,  gives  a  mechanical  equivalent  of 
76,000,000  J  for  each  pound  of  subsiding  matter.  The  spiral  char- 
acter of  the  subsidence  produces  solenoidal  currents  which  may 
help  to  explain  the  equality  of  \^  •^  and  *  . 


Correction  of  a  Frobleii  in  "  The  System  of  the  World  "  bt 
Sir  Isaac  Newton.    By  De  Volson  Wood,  of  Uoboken,  N.  J. 

[ABSTRACT.] 

It  is  stated  '^  that  two  spheres  of  the  same  material  as  the  earth, 
each  one  foot  in  diameter,  placed  in  void  space,  }  of  an  inch  from 
each  other,  would  not  come  together  by  the  force  of  their  mutual 
attraction  in  less  than  a  month's  time." 

I  find  that  tbey  would  come  together  in  385  seconds,  or  in  less 
than  6 j^  minutes.^ 

*  Some  eminent  scholars  are  of  the  opinion  that  the  above  named  work  was  not 
written  by  Sir  Isaac  Newton,  although  his  name  is  on  the  title  page. 
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On  an  Experimental  Solution  of  a  Problem  in  the  Doctrine 
OF  Chances.    By  T.  C.  Mendenhall,  of  Columbus,  Ohio. 

[ABSTRACT.] 

At  the  meeting  of  the  Association  in  1879,  the  author  had  com* 
municated  a  note  upon  a  problem  in  chances  attributed  to  Buffon, 
which  contained  the  results  of  12,000  trials.  Tbe  problem  is :  If 
a  thin  stick  of  given  length  be  thrown  at  random  upon  a  plane 
surface  covered  with  a  system  of  equidistant  parallel  lines,  what 
is  the  probability  that  it  will  lie  across  one  of  them  ?  In  the  Pro- 
ceedings of  the  Association  for  that  j'ear,  a  description  of  tbe  ap- 
paratus and  mode  of  making  the  experiment  will  be  found. 

This  series  of  12,000  trials  was  made  by  different  individuals, 
»  and  the  author  had  resolved  to  carry  out  a  more  extended  series 
alone  in  order  to  avoid  a  ^^  mixing"  of  personal  equations,  if  such 
should  be  found  to  exist.  The  number  of  trials  made  was  20,000. 
No  reductions  were  made  until  the  entire  series  was  completed.  At 
the  meeting  of  the  Association  in  1881,  the  author  had  communi- 
cated the  results  of  a  reduction  of  about  half  of  the  total  number 
of  experiments  and  the  results  of  the  complete  reduction  were  now 
placed  before  the  Section.  The  theoretical  probability  involved 
as  one  of  its  factors  tt,  the  ratio  of  the  circumference  to  the  di- 
ameter of  a  circle.  It  was  therefore  possible  to  obtain  a  value  of 
this  constant  from  an  experimental  solution  of  the  problem.  The 
results  of  the  reduction  were,  for  convenience,  put  in  this  form  show- 
ing the  value  of  n  at  various  stages  of  the  experiment. 

Reductions  were  made  at  the  end  of  eveiy  one  hundred  throws 
thus  giving  two  hundred  values  of  this  constant. 

A  chart  was  shown  upon  which  these  values  were  plotted  together 
with  a  straight  line  drawn  to  show  the  true  value. 

The  experimental  curve  for  a  time  fluctuated  above  and  below 
this  line  crossing  it  nine  times.  At  the  end  of  7200  throws  the 
experimental  value  approximates  very  closely  to  the  true  value. 
After  7900  it  rises  above  the  true  value  to  which  it  does  not  again 
return.  From  this  point  until  the  end  it  gradually  departs,  with 
more  or  less  irregularity,  from  the  true  value,  and  with  a  tendency 
apparently  towards  a  constant  value  somewhat  too  great. 
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The  final  valae  of  r  is  8.180,  a  point  which  is  almost  constantly 
held  daring  the  last  two  thousand  trials.  This  result  seems  to  in- 
dicate something  of  the  nature  of  a  **  personal  equation  "  or  bias. 
The  only  explanation  for  it  seems  to  exist  in  the  decision  of  doubt- 
fbl  cases.  All  cases  were  decided,  no  doubtful  ones  being  recorded 
as  such.  The  deviation  from  the  theoretical  law  might  be  accounted 
for  by  supposing  that  in  settling  the  doubtful  cases  there  was  an 
UQconscioas  tendency  to  favor  one  side. 


Bbll  Attxchmbbt  fob  Telescope  Cibclbs.    By  Hbkbt  M.  Pabk- 
HUBST,  of  New  York,  N.  Y. 

[ABSTRACT.] 

Thb  bell  is  attached  to  the  circles,  and  so  arranged  as  to  indicate 
when  the  telescope  passes  a  designated  right  ascension  or  declina- 
tion. The  plan  for  a  right  ascension  circle  is  described  in  the  Sci- 
ence Observer.  I  have  now  constructed  one  for  the  declination 
circle,  which  I  have  here,  together  with  photographs  of  the  whole. 

The  main  point  is  the  mode  of  avoiding  the  uncertainty  of  posi- 
tion of  the  striking.  A  compound  lever  is  so  arranged  that  which- 
ever way  the  telescope  is  moved,  the  acting  portion  of  the  lever 
will  stand  at  an  angle  of  45^,  resting  upon  and  drawn  over  an  arc, 
falling  into  depressions  in  that  arc,  causing  the  bell  to  sound  when 
passing  the  centre  of  the  depression,  and  consequently  always  at 
the  same  position. 

The  method  proposed  allows  two  strokes  to  come  within  1**  of 
each  other,  so  that  in  sweeping  in  either  direction  the  stroke  will 
oome  exactly  at  the  right  point. 
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The  Twenty-three  inch  Telescope  of  the  Halsted  Observa- 
tory AT  Princeton.     By  C.  A.  Young,  of  Priuceton,  N.  J. 

This  instrument,  which  has  been  erected  in  the  Halsted  Obser- 
vatory at  Princeton  within  the  last  few  months,  was  made  by  Alvan 
Clark  &  Sons,  of  Cambridgeport,  Mass.  The  contract,  bearing  date 
March  3,  1880,  and  providing  that  the  telescope  should  be  com- 
pleted within  two  years  after  the  receipt  of  the  disks  of  glass  from 
the  makers,  has  been  carried  out  fully  and  promptly  in  all  respects. 

The  disks  were  cast  by  Feil  of  Paris  ;  one  of  them  (the  flint)  was 
on  exhibition  at  the  Philadelphia  centennial. 

The  material  is  unusually  excellent,  almost  perfectly  free  from 
air-bubbles  and  strise,  and  much  more  transparent  than  the  disks 
(by  Chance)  used  in  the  construction  of  the  object  glasses  of  the 
Washington  and  McCormick  telescopes. 

The  clear  aperture  of  the  lens  is  twenty-three  inches,  and  the 
curves  are  approximately  as  follows,  according  to  data  furnished 
by  the  makers : 

Crown,  radius  of  outside  surface  -f-  265.8  inches 
"       "  inner                        —81.9      " 

Flint  "       '*  surface  next  crown  —  73.4     " 

"       "       "       "      focus +  222.2     " 

The  -f-  sign  denotes  that  the  centre  of  curvature  is  on  the  side 
of  the  lens  next  the  eye,  the  crown  being  a  double  convex  lens, 
with  the  external  surface  nearly  flat,  while  the  flint  is  a  double  con- 
cave, with  the  flatter  surface  next  the  eye. 

The  thickness  of  the  crown  lens  is  1.35  inches 

"  "  flint        "     ''  0.62     " 

The  distance  between  the  lenses  is    7.61. 

The  effective  focus  of  the  lens,  obtained  by  observing  star  tran- 
sits over  a  scale  ruled  on  glass,  has  been  found  to  be  361.26  inches. 
This  is  nearly  a  foot  greater  than  the  distance  from  the  outside 
surface  of  the  object  glass  to  the  focus,  showing  that  the  node' 
punkt  is  some  distance  in  front  of  the  lens  and  not  between  the  two 
glasses. 

The  definition  is  admirable,  the  corrections  both  for  spherical 
and  chromatic  aberration  being  excellent.    The  ''color-curve"  ob- 


BT  C.   A.  TODKO.  118 

tained  by  spectroscopic  obeeir&tion  is  substantiatly  tlie  same  aa 
Ihat  of  Frauuhofer's  glasses  : —  not  quile  so  good  as  that  of  the 
Gaoss  object  glass.  The  extreme  range  of  focus  between  H  and 
E  auiounts  to  just  two  inches. 

TJie  separation  of  the  lenses  effectually  prevents  the  formation 
of  ftny  "gliosis"  by  refiection  ftviD  tbe  surfnoes,  and  aa  the  space 
u  the  lenses  can  easily  be  thrown  open  to  tlie  external  air 


by  Temoving  tbe  shutters  which  close  the  openings  in  tbe  cell,  the 
glass  assumes  the  temperature  of  the  esternal  air  very  promptly. 
Another  advantage  gained  is  in  making  the  aperture  of  the  lens 
tialf  an  inch  larger  than  it  otherwise  could  be  with  the  flint  disk 
of  given  size. 

There  has  not  yet  been  time  to  test  the  telescope  very  thoroughly 
by  actual  work,  but  on  one  or  two  nights  of  gooil  seeing,  such  double 
•ttTBis^Delphini,  and  C  Sagittie  have  been  satisfactorily  resolved ; 
1.  A.  A.  E.,  roi-  XXXI.  8 
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and  Mimas,  the  smallest  of  Saturn's  satellites,  has  been  seen  not 
only  at  elongation,  but  very  near  conjunction  also. 

The  mounting  presents  very  few  new  featui^s.  It  is  simple  and 
solid,  considerably  heavier,  and  better  planned  with  resi^ect  to  vi- 
brations, than  that  of  the  Washington  telescope. 

The  tube  is  cigar-shaped,  of  st^el  about  ^  of  an  inch  thick. 

At  the  lower  end  a  heavy  brass  tube,  nearly  six  feet  long  and 
seven  inches  in  diameter,  projects  about  two  feet,  and  can  be  moved 
in  and  out  over  a  range  of  two  feet  by  a  steel  screw  an  inch  in 
diameter  which  is  concealed  in  the  lower  section  of  the  steel  tube 
between  it  and  the  brass  tube.  The  screw  acts  upon  a  nut  attached 
to  the  brass  tube,  and  one  revolution  of  the  hand  wheel,  which  turns 
the  screw,  slides  the  brass  tube  ^j  of  an  inch.  At  the  end  of  the 
brass  tube  the  tail-piece  proper  screws  on,  for  carrying  the 
micrometer,  or  eyepieces. 

The  diameter  of  the  steel  tube  where  it  is  attached  to  the  decli- 
nation axis  is  thirty  inches.  From  the  declination  axis  to  the  object- 
glass  extremity  is  sixteen  feet  six  inches :  to  the  lower  extremity 
of  the  steel  tube,  ten  feet  nine  inches,  and  here  the  diameter  is 
twenty  inches. 

The  total  length  of  the  right  ascension  axis  is  about  nine  and 
one-half  feet.     Its  diameter  at  the  lower  bearing  is  six  inches  ;  at 
the  upper,  eight  inches  where  it  rests  on  friction  rollers.   Thei-e  are 
.^  two  hour-circles.     One,  at  the  upper  end  of  the  axis,  thirty  inches 

^;•  in  diameter,  carries  a  coarse  graduation  both  on  the  face  and  edge. 

:^  There  are  three  pointers,  so  that  by  means  of  one  or  other  of  the 

three,  the  circle  can  be  read  from  any  point  in  the  room. 
*i  The  fine  circle,  twenty-eight  inches  in  diameter,  is  at  the  lower 

end  of  tiie  axis,  and  is  read  to  single  seconds  of  time  by  two  op- 
posite verniers,  which  are  easily  accessible  from  a  platform  upon 
the  pier. 

The  declination  axis  is  nine  feet  long ;  seven  inches  in  diameter 
at  the  bearing  nearest  the  telescope,  and  five  and  one-half  at  the 
other  bearing.     The  declination  circle,  thirty  inches  in  diameter, 
V  is  at  the  end  of  the  axis  next  the  telescope.     It  carries  a  fine  grad- 

uation (to  10'  of  arc)  on  the  face  next  the  telescope,  and  a 
coarse  graduation  on  the  edge.  The  coarse  reading  is  by  means 
of  a  simi)le  pointer,  and  is  easily  made  from  the  floor,  to  within 
10', —  quite  accurately  enough  to  bring  any  object  into  the  finder. 

The  fine  graduation  is  read  by  means  of  two  long  microscopes 
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which  come  down  to  the  eye  end.  The  telescope  tobe  carries  two 
indices,  each  consisting  simply  of  a  fine  line  like  the  zero  line  of 
a  vernier,  and  the  micrometer  at  the  eye  end  of  the  microscope 
gives  the  means  of  measuring  the  distance  between  this  zero  line 
and  the  nearest  graduation  mark ;  so  that  the  accuracy  of  the  read- 
ing is  independent  of  the  stability  of  the  long  microscopes.  The 
reading  is  directly  to  10'',  and  by  estimation  to  single  seconds. 

The  field  of  view  of  the  microscope  covers  about  2^°  of  the 
graduation,  and  each  degree  is  numbered.  The  illumination  of  the 
Bcale  is  on  the  principle  of  the  collimating  eyepiece,  and  is  so  excels 
lent  that  the  reading  is  very  easy  and  accurate. 

The  clamps  and  tangent  screws  of  both  the  right  ascension  and 
declination  movements  are  managed  from  the  eye  end :  the  former 
by  endless  cords,  the  latter  by  Hooke's  joint-handles. 

There  is  an  excellent  apparatus  for  rapid  motion  in  right  as- 
cension, by  which  the  instrument  can  be  reversed  in  less  than  half 
a  minute. 

The  clockwork  is  very  powerful,  driven  by  a  weight  of  about 
three  hundred  pounds  with  a  fall  of  twelve  feet  in  two  hours.  The 
regulator  is  on  the  same  principle  as  that  used  by  the  Clarks  on 
their  chronographs,  difiiering  only  in  this  respect  that  it  is  made 
very  heavy  (weighing  over  twenty  pounds)  and  the  weight  is  taken 
off*  the  lower  pivot  of  the  vertical  shaft  by  floating  it  in  mercury. 
It  runs  very  steadily,  but  seems  to  be  somewhat  affected  by  changes 
in  temperature. 

The  instrument  has  two  finders,  one  of  five,  the  other  of  two 
inches  diameter. 

The  tail  piece  of  the  telescope  and  of  the  five  inch  finder  are  both 
of  the  same  size  as  that  of  the  tail  piece  of  the  9^  inch  equatorial 
of  the  School  of  Science  Observatory,  so  that  all  the  eyepieces  and 
minor  apparatus  belpnging  to  either  instrument  can  be  used  on  any 
one  of  the  three. 

The  sliding  tubes  of  all  the  tail  pieces  are  graduated,  a  great 
convenience  in  setting  spectroscopic  and  other  apparatus  to  focus. 

The  instrument  is  provided  with  a  filar  position  micrometer, 
fitted  with  Bumham's  illuminating  apparatus. 

It  has  also  a  double  image  micrometer,  and  a  square-bar  microm- 
eter for  comet  observations.  There  is  a  large  helioscope  with 
polarizing  i*cfiectors,  and  an  ordinary  Herschel  solar-eyepiece  for 
the  finder. 
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A  very  large  and  powerful  direct-vision  spectroBOope  by  Hilger 
of  London  has  been  provided  for  stellar  work. 

It  is  upon  the  same  plan  as  the  Greenwich  spectroscope  (except 
that  it  is  a  little  larger),  containing  three  so-called  ^*  half  prisms/' 
and  was  constructed  under  the  kind  personal  superintendence  of 
Mr.  Christie,  the  present  Astronomer  Royal,  who  first  devised  this 
peculiar  form  of  prism.  The  spectroscope  collimator  is  2j>  inches 
aperture  and  38  inches  long.  The  view-telescope  has  the  same  ap- 
erture, but  its  focal  length  is  much  less.  The  instrument  is  over 
six  feet  long,  and  weighs  about  150  lbs.  with  its  appendages. 

The  telescope  with  its  mounting  weighs  a  little  more  than  seven 
tons.  It  stands  upon  the  top  of  a  heavy  stone  pier  of  Quincy 
granite,  the  upper  surface  of  which  is  14  feet  above  the  floor.  The 
centre  of  motion  of  the  telescope  (at  the  intersection  of  the  Right 
Ascension  and  Declination  axes)  is  20  feet,  6  inches  above  the  floor. 

The  dome  under  which  it  is  erected  is  of  iron,  89  feet  in 
internal  diameter.  It  was  built  some  fifteen  years  ago,  and  is  not 
just  what  would  be  constructed  now  for  the  same  purpose,  requiring 
a  good  deal  more  power  to  turn  it  around,  and  to  manage  the  shut- 
ter, than  is  the  case  with  some  built  more  recently : — the  Vienna 
dome,  for  instance.  All  difldculties,  however,  have  been  over- 
come by  placing  a  four-horse  power  gas-engine  in  the  basement  and 
making  it  do  the  work  by  means  of  proper  gearing.  It  is  possible 
to  raise  the  shutter,  turn  the  dome  to  any  part  of  the  sky,  and 
have  the  telescope  pointed  upon  any  designated  object  within  five 
minutes  after  entering  the  building  —  this  includes  the  time  re- 
quired for  starting  the  engine.  The  same  engine  drives  a  small 
Edison  d3'namo-machine,  which  supplies  electric  light  to  all  parts 
of  the  building,  and  furnishes  electric  currents  for  spectroscopic 
work. 

The  cost  of  the  telescope  and  spectroscopy  was  826,000,  sub- 
scribed by  friends  of  the  College  of  New  Jersey ;  Robert  Bonner,  of 
N.  Y.,  R.  L.  Stuart,  and  the  trustees  of  the  John  C.  Green  estate 
being  the  largest  contributors. 
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Ov  THB  LiAw  OP  Distribution  for  certain  Plant-Numbers.     By 
Jambs  Edward  Oliver,  of  Cornell  University,  Ithaca,  N.  Y. 

[AB8TBACT.] 

The  dimensions  of  any  part  of  a  plant ;  and  also  the  number  of 
flowers  to  a  spike,  of  rays  to  a  head  in  Composit®,  etc.,  when  vari- 
able ;  have,  each  of  them,  for  each  species,  under  any  given  circum- 
stances, some  mean  value ;  and  I  investigate,  in  a  few  typical  cases, 
the  law  whereby  those  values  of  the  number  in  question  which  are 
above  or  below  the  mean  value  are  distributed. 

I  find  that  the  number  of  flowers  to  the  spike  follows  a  law 
of  distribution  that  differs  but  little  from  the  normal  law  of  dis- 
tribution of  errors  of  observation :  ».  e.,  an}'  value  x  has  a  frequency 
nearly  proportional  to  the  antilogarithm  of  — Ax^Jc:  Bx^ —  Cx^^ 
etc.,  wherein  A^  C  are  positive  and  the  series  convergent ;  as  if 
the  plant-number's  deviation  from  the  mean  value  were  a  sum  of 
many  small  but  sensible  numbers  having  ambiguous  signs  indepen- 
dent of  one  another  but  dependent  upon  accidents  of  environment, 
ancestral  history,  etc. 

I  get  a  similar  result  concerning  the  logarithm  of  the  length  of  a 
grass-head :  indicating  that  the  ratio  of  the  length  to  a  mean  value 
is  a  product  of  many  factors,  each  factor  being  a  little  more  or 
less  than  unity  as  accident  has  determined  independently  of  the 
others. 

In  the  case  of  one  Composita  (Leucanthemum  vulgare)  I  flnd 
that  the  distribution  of  the  ray-numbers  is  strongly  influenced  by 
the  ^^phyllotactic  numbers'' 13,  21,34,  •  •  •  ;  and  this  influence 
presumably  combines  with  that  of  the  abovermentioned  law  in  such 
wise  that,  whenever  the  conditions  are  approximately  uniform,  the 
probability  of  the  occurrence  of  a  given  ray-number  shall  differ  but 
little  from  the  product  of  the  probability  got  as  above,  into  a  func- 
tion of  the  ray-number's  position  in  a  cycle  whose  zero-points  are 
the  phyliotactic  numbers.  My  observations,  however,  are  too  few 
to  sisttle  this  point  at  present.  The  smaller  phyliotactic  numbers, 
5,  5,  8,  are  less  influential  than  the  doubles  6,  10. 

I  regard  the  investigation  as  only  preliminary,  requiring  far  more 
varied  observatioDS  to  complete  it ;  but  I  offer  it  in  the  hope  that 
it  may  set  other  observers  at  work  in  the  same  direction. 


4 


•I 


118  PERSONAL  EQUATIOK  IK  TRANSIT  OBSERTATIONS  ; 

A  Method  of  Finding  the  Law  of  Linear  Elasticitt  in  a 
Metal.  By  James  Edward  Oliver,  of  Cornell  University, 
Ithaca,  N.  Y. 

iABSTKAGT.] 

Assuming  that  the  different  strength  of  cast  iron  (for  instance) 
for  tension  and  for  compression  should  be  accompanied  by  a  corres- 
ponding difference  as  to  elasticity,  dae  to  the  occurrence  of  even 
powers  in  the  formula 

Compressive  stress  =  A .  strain  +  B .  strain*  +  C .  strain' -f"^^*^., 
I  get  the  first  two  or  three  coefficients  from  experiments  on  the 
deflection  of  a  triangular  bar  resting  alternately  on  its  edge  and  on 
its  face. 


A  Method  of  Eliminating  the  Personal  Equation  in  TRANsrr 
Observations.  By  J.  Burkitt  Webb,  of  Cornell  University, 
Ithaca,  N.  Y. 

[ABSTRACT.] 

If,  during  the  transit,  the  movable  wire  of  a  micrometer  could 

be  made  to  move  over  the  field  at  the  same  velocity  as  the  star 

*!  and  if  it  could  at  the  same  time  be  made  to  bisect  the  latter,  then 

i^l  a  simultaneous  observation  of  time  and  the  position  of  the  wira 

would  furnish  a  transit  observation  unaffected  by  personal  equation ; 
we  may  express  this  otherwise  by  supposing  the  personal  equation 
to  be  divided  by  infinity. 

It  would  be  difficult  to  carry  this  out  in  practice,  but  if,  instead 
of  dividing  by  infinity,  we  are  content  with  a  moderately  large 
number,  there  would  seem  to  be  no  great  difficulty  in  thus  reducing 
the  personal  equation  to  an  inappreciable  quantity. 

In  considering  what  would  be  necessary  to  effect  this  result 
there  are  two  paths :  we  must  either  admit  the  usual  imperfections 
of  such  apparatus  and  plan  the  mechanism  in  accordance  there- 
with, or  we  must  attempt  to  eliminate  or  control  them. 
^j  An  apparatus  constructed  in  accordance  with  the  first  of  these 

methods  has  already  been  proposed  by  Prof.  C.  A.  Young,  and  as 
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U  is  exceedingly  well  contrived  for  giving  a  result  free  from  error 
we  will  notice  the  main  features  of  it.  In  tiiis  method  the  ordinary 
micrometer  remains  untouched  and  another  horizontal  slide,  carry- 
ing a  vertical  wire,  is  made  to  move  over  the  field  by  clock-work. 
To  effect  this  properly  a  second  or  vertical  slide  is  introiluced  (at 
right  angles  to  the  former)  and  upon  it  is  fixed  an  adjustable 
incline,  in  contact  with  wliich  the  horizontal  slide  is  kept  by  a 
spring.  This  vertical  slide  is  driven  by  the  clock  with  a  velocity 
a  certain  per  cent  greater  than  that  of  an  equatorial  star,  and  the 
incline  being  set  at  an  angle  therewith,  whose  tangent  equals  the 
cosine  of  the  declination,  the  vertical  wire  will  move  the  same 
per  cent  faster  than  any  other  star,  and  will  therefore  creep  slowly 
over  the  same.  At  the  moment  of  bisection  the  key  of  the 
cbronc^raph  is  pressed,  and  the  current  not  only  records  the  time 
but  clamps  the  moving  slide  fast  in  its  position,  which  is  then 
determined  by  the  ordinary  micrometer.  This  being  done  the 
slide  is  released  and  springs  up  against  the  incline ;  the  wire  is 
now  ahead  of  the  star,  but  if  the  connection  between  the  screw 
and  the  clock  be  made  1)3'  means  of  a  friction  collar,  the  former 
can  then  be  adjusted  independently  until  the  wire  is  again  behind 
the  star  and  ready  for  another  observation.  It  is  evident  that 
this  method  would  be  affected  by^  only  the  before-mentioned  per- 
centage of  personal  equation. 

If  the  second  method  is  chosen  we  might  proceed  as  follows : — 
dispense  with  the  ordinary  micrometer  and  substitute  therefor  one 
of  different  construction.  This  micrometer  should  have  a  V- 
threaded  screw  as  nearly  perfect  as  possible,  and  it  should  run  in 
two  journals,  one  of  which  should  be  cylindrical  and  the  other  a 
V  screw  thread  of  zero  pitch — i.  e.,  a  grooved  journal.  The  nut 
should  be  long  and  should  embrace  the  screw  through  90**  only  ;  it 
should  be  cut  away  except  at  its  four  corners,  so  that  it  would 
stand  on  the  screw  as  by  four  legs.  A  single  spring  giving  a  thrust 
at  right  angles  to  the  screw  would  now  suflSce  to  hold  the  nut 
against  the  screw  and  the  latter  in  its  journals.  Such  a  screw 
would  have  no  back-lash,  and  a  moderate  amount  of  wear  would 
introduce  no  error  in  the  position  of  the  nut.  The  frame  for 
holding  the  movable  wire  should  be  a  simple  extension  of  this  nut, 
and  would  not  slide  in  guides,  the  spring  being  so  applied  to  the 
nut  as  to  prevent  its  revolving  about  the  screw  axis.    The  screw 
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would  carry  the  usual  graduated  bead  provided  with  an  arrange- 
ment, by  which  its  position  could  be  registered  (on  a  strip  of 
paper)  without  stopping  it.  If  this  micrometer  could  be  so 
accurately  made  that  the  reading  could  always  be  depended  on  for 
the  position  of  the  wire,  this  method  could  be  made  a  success,  and 
this  reading  could  be  at  any  time  and  often  tested  by  means  of 
the  fixed  wires  of  the  reticule.  A  uniform  motion  could  be 
supplied  to  the  apparatus  in  various  ways — it  could  be  obtained 
from  the  chronograph  by  means  of  an  interrupted  current,  made 
to  drive  a  small  electro-magnetic  engine  on  the  eye  end  of  the 
transit.  To  reduce  the  motion  for  declination,  a  uniformly  revolv- 
ing sphere  could  be  made  to  drive,  by  friction,  a  wheel  so  adjusted 
AS  to  be  in  contact  with  a  small  circle  of  the  same  declination  as 
the  star, — a  device  which  has  already  been  proposed.  A  simpler 
metliod  would  be  to  cause  one  cylindrical  surface  to  drive  another 
by  friction  and  to  place  the  axis  of  the  second  at  the  declination 
angle  with  the  first.  With  only  the  friction  of  the  micrometer 
screw  to  overcome,  either  method  might  give  good  results.  In 
oi*der  further  to  allow  of  single  observations  succeeding  each  other 
rapidly  during  a  transit,  the  current  which  records  the  time  and 
micrometer  position  should  also  check  the  latter  until  the  star  is 
Bgain  ahead  of  the  wire,  when  the  release  of  the  key  should  start 
it  again  for  another  observation.  A  better  way  might  be  to  have  a 
separate  key  by  which  the  motion  could  be  altered  from  a  certain 
per  cent  faster  to  about  the  same  per  cent  slower  than  the  star, 
so  that  the  wire  could  be  made  to  oscillate  slowly  over  it.  As  the 
number  of  single  observations  during  a  transit  would  be  at  least 
equal  to  the  usual  number,  an  intercomparison  might  give  a 
reliable  value  for  the  weight  of  the  whole.  The  addition  of  an 
arrangement  for  reversing  the  motion  when  the  telescope  was 
reversed  in  its  Ys  would  furnish  the  means  of  determining  the 
error  of  the  micrometer  zero,  t.  e.,  of  collimation,  and  make  this 
equally  complete  with  the  ordinary  method. 
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KoTK  OK  A  New  Method  of  graphically  expressing  any 
Cyclical  Fact  in  Meteorology.  By  W.  E.  Hamilton  ^  of 
Chatham,  Ontario. 

(1)  Definiiioii: — By  a  cyclical  fact,  I  mean,  the  fact  of  the 
continuous  recurrence  of  certain  quantities,  in  the  same  order,  and 
separated  by  the  same  intervals  of  time. 

(2)  Illustrations: — The  average  lengths  of  sunlight  for  the 
anccessivc  months  of  the  year  give  an  illustration  of  quantities 

FIG.  1. 


Polar  Coordinates.   Inrariable  shape  for  any  seale.   Month  s=  30*. 

which  would  reproduce  themselves  in  the  manner  above  described. 
Any  monthly  averages,  deduced  by  statistical  enquiry,  such  as  the 
amounts  of  immigration  in  the  consecutive  months,  for  a  given 
port,  so  far  as  they  are  assumed  to  be  permanent  and  not  accidental 
averages,  would  form  a  cycle  of  the  kind  referred  to.  The  cycle 
which  is  graphically  illustrated  in  the  accompanying  diagrams,  is 
the  averages  of  temperature  for  the  months  of  the  year,  in  the 
ProTince  of  Ontario,  as  given  in  the  Encyclopedia  Britannica 
(Fig.  1).     So  far  as  the  observations  go,  on  which  the  cycle  is 

>  Editor  of  ttie  lale  Sir  W.  B.  HamUtoo's  Elements  of  Quaternions. 
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Fig.  2. 


based,  it  is  assumed  that  the  average  monthly  temperatures  will 
recur  continuously,  for  Ontario,  from  year  to  year,  and  we  there- 
fore have  a  cycle  falling  within  the  definition  (I). 

(3)  Problem : —  To  express  this  sequence  of  averages  graphic- 
ally. It  may  be  conceded,  without  argument,  that  no  reason  exists 
for  going  into  three  dimensions  of  space,  and  that,  therefore,  our 
diagram  should  be  contained  within  a  plane. 

(4)  Old  Solution: — The  old  and  usual  method  is  to  represent 
the  element  of  time  by  an  assumed  arbitrary  base,  on  which  the 
intervals  of  months  are  represented,  by  arbitrary  but  equal  spaces, 
separating  the  consecutive  ordinates,  proportional  to  the  average 

temperatures,  which  are  plotted 
on  an  arbitrary  scale,  bearing 
no  definite  relation  to  the  arbi- 
trary scale  of  months  (Fig.  2). 
The  summits  of  these  temper- 
ature-ordi nates    are    connected 
I!!L  by  right  lines,  and  the  unclosed 
i*ectilinear  figure  so  constructed 
represents  the  closed  and  self- 
repeating  cycle  of  temperatures. 
Temporal  sequence  is  indicated 
by  progression  from  left  to  right 
as  shown  by  an  arrow  to  point 
out  the  annual  motion  of  the 
temperature-point.     The  aver- 
age for  the  whole  year  is  repre- 
sented by  a  right  line  parallel 
to  the  base. 
There  are  two  objections  to  this  method : — 
(a)    The  visible  continuity  of  the  cycle  cannot  be  shown,  since 
the  middle  of  the  initial  January  and  that  of  the  January  of  the 
next  year,  are  separated  as  the  two  most  distant  ordinates  of  the 

series. 

(^)  The  broken  line  of  temperatures  has  no  invariable  shape, 
but  varies  according  to  the  ratio  of  the  arbitrary  vertical  to  the 
arbitrary  horizontal  scale. 

(5)  Neio  Solution: — In  my  method  I  use  polar  instead  of  rect- 
angular coordinates.  I  take  a  circle  with  an  initial  diameter  to 
represent  January- ,  and  successive  months  are  separated  by  angles 
of  thirty  degrees  from  each  other.    On  these  radii,  the  temperatures 


Ordinary  method.    Rectangrular  Codrdi- 
nates.    Arbitrary.    Samo  scale  as  Fig.  1. 


BT   W.    E.   HAHILTON. 


123 


are  plotted  in  their  proper  proportions,  so  that  the  next  January 
temperature-radius  coincides  with  the  initial  one,  in  length  and  di- 
rection.   The  ends  of  the  radii  are  connected  by  right  lines,  and 
the  polygon,  so  formed  by  their  terminal  points,  represents  the 
monthly  average  temperature-cycle  for  the  year,  and  is  visibly  a 
cycle  to  the  eye,  while  the  polygon,  as  the  simplest  consideration 
of  similar  triangles  will  show,  is  of  invariable  shape,  no  matter  to 
what  scale  the  temperatures  may  be  plotted.     In  fact,  by  the 
adoption  of  polar  coordinates,  and  the  consequent  constancy  of 
the  angular  symbol  for  the  interval  of  a  month,  only  one  variable 
is  introduced,  namely,  the  scale  of  the  temperature-radii.     It  will 
thus  be  seen  that  the  cycle  of  time  is  patent  to  the  eye,  as  a  geo- 
metrical cycle  of  invariable  shape,  and  that  thus  tho  objections  (a) 
and  (i9)  do  not  apply  to  the  new  method,  in  which,  of  course,  the 
annual  average  is  a  circle  with  the  origin  of  i>olar  coordinates  for 
centre,  and  a  radius  equal  to  the  annual  average  on  the  assumed 
temperature-scale.     It  may  be  added  here,  that  for  popular  illus- 
tration, the  months  are  assumed  of  equal  length,  but  that  of  course, 
in  thickness,  the  month-angles  should  be  proportioned  to  the  slightly 
Tar}'ing  lengths  of  the  months.     It  would  be  interesting  did  space 
permit,  to  trace  the  trigonometrical  formulae  connecting  the  inter- 
nal angles  of  the  temperature-polygon,  with  the  lengths  of  the 
temperature  radii.    The  temperature-points  might  also  be  connected 
not  by  right  lines,  but  by  the  curve  of  most  probable  curvature, 
which  would  have  its  evolute  and  other  attributes  of  geometrical 
form,  unchangeable  in. shape  by  alteration  of  the  scale  of  temper- 
atures.   The  motion  of  the  temperature-point,  in  my  method,  is 
supposed  to  be  from  left  to  right,  passing  through  the  upper  part 
of  the  figure  as  the  spectator  faces  it,  or  in  other  words,  the  point 
begins  to  move  away  from  the  reader's  body,  and  not  toward  it, 
when  the  diagram  isjextended  before  him.     For  monthly  average 
temperatures  in  the  extreme  north,  which  may  fall  below  zero,  it 
is  necessarj',  in  order  to  avoid  confusion,  to  take  a  sufficiently  low 
temperature,  say — 30  for  the  origin  of  the  scale  of  radii.    In  my 
diagrams,  I  assume  zero  of  Fahrenheit,  as  the  origin.     Some  minor 
but  not  utterly  despicable  advantages  of  the  new  method  may  be 
added.   The  antipode,  in  the  annual  cycle,  of  any  given  month, 
is  pictured  by  a  diametrically  opposite  point.    The  facts  of  Janu- 
&^  and  July  being,  roughl}*  speaking,  the  minimum  and  maximum, 
^d  the  approximate  equality  of  the  fall  and  spring  temperatures, 
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are  patent  to  the  scrutineer  of  the  diagram,  as  is  the  approximate 
diametral  opposition  of  the  intersections  of  the  circle  of  annual 
mean  temperature  with  the  polygon  of  monthly  means. 

(6)  I  submitted  my  method,  now  published  for  the  first  time, 
but  invented  more  than  thirteen  years  ago,  to  Prof.  Kingston  of 
Toronto,  who  highly  approved  of  it,  while  Prof.  Tait  of  Edinburgii 
thought  that  it  was  virtually  anticipated  by  the  Hodograph  of  my 
father,  the  late  Sir  W.  R.  Hamilton  of  Dublin.  It  is  difficult  in 
these  days  of  general  intellectual  ferment  to  ensure  priority  of  in- 
vention, where  the  energies  of  so  many  minds  are  converging  on 
the  same  problems,  and  should  the  system  have  been  anticipated, 
I  can  only  give  the  right  hand  of  greeting  to  my  rival  whoever  he 
may  be.  In  conclusion,  I  may  be  allowed  to  add  that  I  have  tiicd 
to  make  the  explanation  as  full  and  simple  as  I  possibly  could, 
knowing  that  while  a  single  sentence  might  be  sufficient  to  give 
the  key  to  the  mathematical  reader,  there  are  many  others  deeply 
Interested  in  meteorology,  who  would  find  difficulty  in  following  a 
curt  geometrical  abstract  of  the  system. 

Note. — To  exhibit  the  recurrence  of  the  cycle,  in  the  asual 
method  the  ordinate  for  Januaiy  should  be  repeated  to  the  right 
hand  of  the  December  ordinate  as  the  representative  of  the  mean 
Jan.,  temperature  of  the  following  year.  These  oi*dinates  are  re- 
placed  in  my  method  by  one  and  the  same  radius. 
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Suggestions   ok  the  nature  or  comets,  in  connection  with 
I  recent   astronomical   and    electrical    discoveries.      By 

P.  H.  Van  der  Weyde,  of  New  York,  N.  Y. 


{  Scheme  for  observing  the  great  eclipse  of  Mat,  1888*    By 

Charles  H.  Rockwell,  of  Tarrytown>  N.  Y. 
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ADDRESS 
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T.  C.  MENDENHALL, 


TICS  PEE8IDBNT,  8ECT10K  B. 


UUIBBRS   OF  THB   SfiCTION : — 

NoTWiTHSTANDiNO  the  maDj  changes  which  have  been  wrought 
in  the  internal  machinery  of  this  Association  by  the  new  organi- 
zation which  it  has  put  on  within  the  past  two  years,  and  under 
which  it  now  begins  a  sort  of  new  life,  the  rule  requiring  an  ad- 
dress from  a  Vice  President  has  survived,  and  this  rule  will  itself, 
I  trust,  render  it  unnecessary  for  me  to  make  further  apology  for 
asking  3'our  attention  briefly  on  this  occasion. 

Although  this  duty  still  lies  before  one  who  may  be  honored  by 
an  election  to  this  position,  yet,  happily  at  least  in  the  present 
instance,  it  carries  with  it  much  less  responsibility  under  the  new 
organization  than  under  the  old.  The  chairman  of  this  section  is 
DO  longer  one  of  two,  but  one  of  nearly  a  half  score.  A  Vice 
President  is  no  longer  expected  to  marshall  the  deeds  done  by 
half  the  world  of  Science  during  the  past  year  and  make  them 
pass  in  orderly  procession  before  his  hearers. 

We  have,  in  fact,  been  shorn  of  even  our  alphabetical  su- 
premacy, an  appeal  to  which  was  a  last  resort  in  friendly  contests 
with  our  young  and  vigorous  rivals  of  the  other  side.  Out  of 
respect  for  sciences  as  old  as  science  itself  we  have  freely  accorded 
the  first  rank,  as  far  as  a  designating  letter  may  be  able  to  imply 
it,  to  oar  veteran  co-laborers  the  mathematicians  and  astrono- 
ners* 
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As  re-organizers  and  constitution  builders  we  may  draw  lines 
and  carve  out  areas  for  which  we  have  little  respect  as  students  of 
science,  and  no  arbitrary  classification  can  diminish  the  strength 
of  the  ties  which  bind  us  to  Astronomy,  into  whose  treasure-vaults 
we  are  constantly  pouring  rich  contributions,  and  Mathematics, 
upon  whose  varied  and  wonderful  resources  we  are  obliged  to 
draw  for  almost  every  important  advance  we  make. 

Indeed  this  separation  of  Physics  from  Astronomy  and  Mathe- 
matics as  well  as  from  Chemistrj',  Mechanics,  etc.,  must  be  re* 
garded  as  temporarily  convenient  for  the  purpose  of  specializing 
the  powers  of  the  Association. 

Our  sympathies,  our  traditions  and,  more  than  all,  the  constantly 
overlapping,  intermingling  currents  of  thought  with  which  we  are 
all  concerned,  give  us  the  assurance  that  the  old  section.  A,  must 
continue  to  exist;  not  wealicer,  but  stronger  as  a  result  of  the 
digitation  which  has  taken  place,  just  as  the  fingers  unite  to  make 
the  hand  more  powerful,  more  cunning  and  more  useful. 

Setting  out  as  we  are  upon  a  new  and,  I  believe,  a  more  efficient 
scheme  of  work,  I  will  venture  to  ask  the  attention  of  this  Section 
to  a  subject  which  may,  at  first,  seem  to  many  to  be  not  quite  fit 
and  appropriate  to  be  presented  to  such  a  body  as  this. 

I  find  my  justification,  however,  in  the  broa^l  title  which  the 
general  Association  bears,  as  well  as  in  the  events  of  its  past 
history.  This  is  an  Association  for  the  Advancement  of  Science. 
The  forces  which  have  to  do  with  aiding  or  retarding  this  advance- 
ment are  so  various  that  we  are  in  danger  of  losing  sight  of  some 
of  them. 

We  are  mistaken  if  we  suppose  that  science  is  advanced  only 
through  contributions  which  are  the  result  of  original  research  in 
our  laboratories  and  libraries.  Even  if  so  narrow  a  view  be  taken, 
'  it  will  be  admitted  that  the  talent  for  research  is  fostered  and  en- 
couraged, if  not,  indeed,  created  by  an  atmosphere  of  recognition 
and  appreciation.  The  existence  of  such  an  atmosphere  is  in 
itself  a  blessing  and  its  production  is  certaiuly  worthy  of  our 
highest  efforts. 

To  this  end  it  is  desirable  and  necessary  to  bring  about  a  more 
general  difi*usion  of  accurate  knowledge  concerning  the  elementary 
9  principles  and  propositions  of  the  science  of  physics,  as  well  as 

some  degree  of  familiarity  with  the  methods  of  pli3'sical  investi- 
gation.    I  do  not  refer,  of  course,  to  the  demands  or  the  necessities 
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of  those  mrbo  expect  to  undergo  a  course  of  training  for  the  pur« 
po«e  of  becoming  themselves  physicists ;  but  rather  to  the  dif- 
fusion of  this  knowledge  among  the  masses  of  educated  people 
in  general. 

That  this  diffusion  is  not  taking  place  to  any  great  extent  and 
vill  not,  according  to  natural  laws  alone,  is  patent  to  any  observ- 
ing physicist,  who  cannot  fail  to  have  come  in  contact  with  pre- 
vailing and  pernicious  errors,  which  often  carry  the  weight  of 
repetition,  and  now  and  then  of  recognized  authority. 

I  am  aware  that  this  is  not  an  association  of  educators,  and  that 
pedagogics  is  not,  as  yet,  one  of  the  sciences  specifically  indicated 
as  worthy  of  advancement  at  our  hands ;  but  if  the  growth  of  a 
tree  is  to  be  made  healthy  and  permanent  it  is  not  safe  to  neglect 
the  soil  into  which  its  roots  penetrate.  Train  it  and  prune  it  as 
you  will,  to  grow  into  vigor  and  strength  it  must  spring  from  a 
rich  and  generous  earth  which,  though  beneath  it  and  below  it, 
must  be  in  harmony  with  it  in  order  to  supply  the  proper  and 
necessary  materials  for  its  sustenance. 

It  seems,  therefore,  not  improper  to  raise  the  question,  what  can 
this  Association  do,  or,  more  specifically,  what  can  this  section  do 
to  increase  the  efficiency  of  instruction  in  physics? 

I  do  this  the  more  willingly  for  the  reason  that  a  considerable 
majority  of  the  members  of  the  Section  are  engaged  in  this  in- 
struction during  the  greater  portion  of  the  3"ear.  In  America  a 
few  only  are  privileged  to  devote  themselves  to  original  research. 
Here  instruction  and  investigation,  to  a  great  extent,  go  hand  in 
hand,  and  it  is  generally  admitted  that  it  is  better  so.  The  teacher 
does  not  reach  his  greatest  efficiency,  indeed  he  must  fail  com- 
pletely unless  he  continues  a  student,  not  of  the  works  of  men 
alone  but  of  Nature  herself.  On  the  other  hand,  some  of  the  best 
and  most  fruitful  inspirations  of  the  investigator  spring  from  his 
contact  with  those  to  whom  he  is  communicating  the  finished  pro- 
ducts of  his  work.  The  history  of  science  goes  to  show  that  many, 
perhaps  most  of  those  who  have  contributed  to  its  advancement, 
have  been  great  teachers.  We  neglect  our  duty,  then,  when  we 
fail  to  give  attention  at  proper  times  and  under  proper  circum- 
stances to  the  improvement  of  methods  of  instruction. 

Perhaps  in  no  other  department  of  science  has  a  greater  change 
in  these  methods  been  wrought  during  the  last  ten  3'ears  than  in 
Physics.    And  yet  this  change  has  been  going  on  in  an  irregulari 
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unmetbodical  sort  of  a  way.  There  has  been  little  or  do  concerted 
action  among  those  interested  and  engaged  in  the  work.  Although 
all  have  had  practically  the  same  end  in  view,  each  individual  has, 
in  the  main,  worked  out  his  own  solution  of  the  problem  in  accord- 
ance with  his  own  views,  modified  and  often  largely  controlled  by 
the  conditions  and  restrictions  to  which  ho  was  subjected. 

It  is  not  surprising,  therefore,  that  results  attained  should  in 
many  cases  be  widely  different  and,  on  the  whole,  not  entirely 
satisfactory. 

In  this  new  instruction  many  things  have  been  attempted  that 
could  not  be,  and  some  things  that  ought  not  to  be,  accomplished. 
That  over-burdened  and  somewhat  obnoxious  word  practical  has 
found  a  place  in  our  vocabulary  and  we  hear  much  of  practical 
instruction  in  physics,  whatever  that  may  mean. 

The  subject,  considered  as  a  whole,  naturally  divides  itself  into 
two  parts,  pertaining  respectively  to  higher  instruction  and  ele- 
mentary instruction :  instruction  in  the  colleges  and  instruction 
in  the  schools.     Let  qs  briefly  consider  each  of  these. 

In  referring  to  higher  or  collegiate  instinction,  it  will  be  re- 
membered that  I  do  not  include  that  of  the  post-graduate  courae 
in  the  University,  properly  so  called,  for  which  laboratories  for 
research  are  equipped  and  maintained,  and  to  which  students  are 
admitted  only  when  thoroughly  prepared  by  previous  training. 
Fortunately  for  American  students  a  few  such  courses  in  physics 
are  now  open  in  this  country  and  it  goes  without  saying  that  those 
who  are  conducting  them  do  not  need  advice  from  us.  It  is  for 
the  large  class  of  under-graduates  who  pursue  the  study  of  physics 
for  a  greater  or  less  time  that  we  may  be  concerned. 

Contemporary  with  the  recognition  of  the  possibility  of  greatly 
improved  methods  of  instruction,  was  the  recognition  of  the  value 
of  the  more  thorough  study  of  physics  as  an  element  in  what  is 
called  a  liberal  education. 

These  were  alike  the  results  of  the  tremendous  strides  made  by 
physical  science,  beginning  twenty-five  or  thirty  j'ears  ago.  Grand 
and  beautiful  generalizations  commanded  the  admiration  of  men 
skilled  in  other  departments  of  human  knowledge,  and  equally 
wonderful  applications  of  principles  to  practice,  touched  our  every 
day  existence  upon  so  many  sides,  as  to  draw  forth  applause  from 
the  millions  who  are  without  the  "  inner  court."  Physics  thus 
found  or  forced  its  way  upon  the  college  curriculum  to  an  extent 
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mncb  greater  than  had  previoasly  been  thought  possible  or  desir- 
able. 

A  few  keen-sighted  men,  combining  in  themselves,  happily,  the 
student  and  the  teacher,  recognized  the  fact  that  thorough  instruc- 
tion in  physics  implied  and  demanded  the  use  of  laboratory  meth- 
ods, such  as  had  been  utilized  for  some  years  in  chemistry  and 
were  rapidly  coming  into  prominence  in  every  other  department 
of  natural  science. 

Among  these  was,  notably,  Professor  Pickering,  whose  estab- 
lishment of  a  working,  physical  laboratory  for  purposes  of  in- 
struction in  the  Institute  of  Technology  at  Boston,  must  be  regarded 
as  an  eixx;h  in  the  history  of  this  progress ;  and  with  this,  also, 
might  be  linked,  although  following  at  a  little  later  date,  the  widely 
known  establishment  made  by  Professor  Mayer  at  Hoboken. 

These  were  quickly  followed  by  others  in  the  East  and  in  the 
West,  and  at  the  present  time  there  are  many  institutions  of 
learning  in  which  the  laboratory  methods  of  instruction  are  in 
use  and  whose  equipment  includes  a  so-called  physical  laboratory. 

To  all  interested  in  the. study  of  the  present  condition  of  this 
work  I  would  especially  recommend  the  very  valuable  Report  on 
the  Teaching  of  Chemistry  and  Physics  in  the  United  States,  pre- 
pared by  Professor  Clarke  of  the  University  of  Cincinnati,  and  is- 
sued about  a  year  ago  by  tbe  Bureau  of  Education.  This  Report 
is  full  of  facts  of  great  value  and  doubtless  fairly  represents  the 
relative  standing  of  collegiate  instruction  in  these  two  important 
subjects  at  the  present  time. 

Professor  Clarke  has  classified  the  various  courses  of  instruction 
in  physics  as  follows : — 

1st.  Full  course,  including  higher  mathematical  physics,  ad- 
vanced laboratory  work  and  research. 

2nd.  Full  course^  with  mathematical  physics  and  elementaiy 
laboratory  work. 

3rd.  Course  in  general  physics,  involving  a  previous  knowledge 
of  trigonometry  and  including  laboratory  work. 

The  other  courses,  up  to  ten  in  number,  are  elementary  in  their 
character,  and  do  not  concern  the  present  investigation. 

Tbe  report  contains  statistics  gathered  from  nearly  four  hun- 
dred universities  and  colleges,  agricultural  colleges  and  scientific 
sdiools.     In  nearly  all  of  these  the  study  of  physics  is  pursued 
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to  a  greater  or  less  extent,  although  it  appears  that  in  some  in- 
stances no  report  upon  physics  was  forthcoming  on  account  of 
ignorance  as  to  what  was  meant  by  the  word.  Out  of  the  whole 
number  there  were  thirty-threeinstitutions  in  which  the  instniction 
in  physics  fell  within  the  limits  established  above.  Of  these  there 
were  four  of  the  first  rank,  two  of  the  second,  and  twenty-seven 
of  the  third. 

In  chemistry,  however,  laboratory  instruction  is  to  be  found  in 
at  least  one  hundred  and  fifty  institutions,  the  opportunities  for 
instruction  in  this  subject,  thus  outnumbering  those  offered  for 
similar  instruction  in  physics  in  about  the  ratio  of  five  to  one. 
But  it  will  be  remembered  that  in  this  contest  chemistry  has  many 
things  in  its  favor,  and  that  physics  is  handicapped  by  the  great 
cost,  relatively,  of  the  first  establishment  as  well  as  by  the  lack 
of  well  defined  and  systematic  courses  of  instruction. 

Taking  it  as  a  whole  it  will  be  admitted  that  there  has  been  a 
rapid,  and,  I  believe,  a  permanent  growth,  and  that  the  work  has 
already  become  so  extensive  that  it  appears  to  be  worth  while  to 
subject  it  to  criticism  and  to  determine  by  conference  and  consul- 
tation what  improvements,  if  any,  might  be  suggested. 

Admitting  the  necessity  of  the  laboratory  as  a  means  of  in- 
struction in  physics,  two  important  questions  present  themselves : 
first,  of  the  total  amount  of  time  given  to  the  subject,  what  pro- 
portion should  be  spent  in  the  laboratory  ?  and  second,  what  should 
be  the  character  of  the  work  done  there  ? 

I  shall  not  undertake  to  answer  these  questions,  but  will  sub- 
mit one  or  two  conclusions  which  have  been  thrust  upon  me  by 
observation  and  experience. 

Concerning  the  first,  something  ought  to  be  said.  It  will  be 
remembered  that  the  new  instruction  began  at  a  time  which  was 
characterized  not  only  by  unusual  scientific  activity,  but  as  well  by 
what  almost  amounted  to  a  revolution  in  educational  processes. 
A  great  teacher  had  told  us  that  we  studied  Nature  in  books,  and 
when  we  met  her  face  to  face  she  passed  unrecognized.  There 
sprang  up  a  new  method,  the  essence  of  which  was  that  the  mys- 
teries  of  nature  could  not  be  known  at  second-hand ;  that  a  knowl« 
edge  of  things  could  only  be  obtained  by  a  contact  with  things 
themselves.  The  use  of  the  text-book  fell  into  disrepute  and  the 
student  was  encouraged  to  become  his  own  authority.    It  was  a& 
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if  all  men  were  to  cast  aside  their  maps,  globes,  histories,  books 
of  travel,  etc.,  and  start  out  to  obtain  a  knowledge  of  the  world 
by  visiting  its  different  portions. 

But  it  was  soon  found  that  many  never  succeeded  in  getting 
far  away  fix>m  home.  It  is  true  that  there  were  those  who,  un- 
trammelled by  tradition,  precedent  or  authority,  made  bold  excur- 
sions into  the  regions  of  the  unknown  and  returned  richly  laden 
with  spoils,  but  these  were  the  few  ;  the  many  were  found  to  re- 
quire guidance  and  suppoi*t  for  some  time  before  they  became  able 
to  carry  on  explorations  on  their  own  account. 

The  underlying  principle  of  the  new  method  was  correct  and 
must  survive,  but  it  was  a  mistake  to  give  it  universal  and  unre- 
Bteicte<l  application.  The  earlier  and  indeed  much  of  the  later 
instruction  in  physical  laboratories  was  tinctured  with  this  error. 

By  many  we  were  advised  that  the  proper  course  to  pursue  was 
to  put  into  the  liands  of  the  student  who,  in  many  instances,  had 
little  or  no  previous  knowledge  of  the  subject,  a  few  pieces  of 
simple  apparatus  and  expect  him  to  rediscover  for  himself  princi- 
ples of  physical  science  which  although  now  commonplace,  were 
at  one  time  as  completely  surrounded  by  difficulties  to  the  human 
mind  as  are  now,  for  instance,  the  principles  of  the  dissipation  of 
energy  and  the  vortex  theory  of  atoms. 

The  1-esult  of  the  crude  experiments  of  the  student  was  often 
to  disprove  the  law  which  be  was  expected  to  establish ;  for  he 
lacked  that  knowledge  and  training  which  would  enable  him  to 
take  into  consideration  the  influence  of  secondaiy  causes  and  con- 
ditions and  to  determine  or  properl}'  interpret  the  errors  of  exper- 
iment. Something  was  gained,  it  is  true,  in  the  way  of  famil- 
iarity with  the  methods  of  manipulation,  but  very  little  in  the  ac- 
quisition of  real  knowledge. 

Even  if  this  method  of  instruction  be  made  reasonably  success- 
ful, the  actual  infoimation  concerning  natural  laws  which  the  stu- 
dent obtains  must  be  largely  superficial,  often  erroneous,  and  the 
rate  of  acquisition  extremely  slow.  Far  better  would  it  be  for  him 
to  begin  his  so-called  practical  study  of  the  subject  after  becoming 
tolerably  familiar  with  its  general  outlines  and  prominent  features, 
through  the  study  of  some  reliable  text  book  and  especially  after 
having  armed  and  equipped  himself  with  such  a  training  in  math- 
ematics as  will  enable  him  to  discuss  understand ingl}*^  the  results 
which  he  obtains,  to  consider  the  limitations  to  wiiich  they  are  sub- 
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Jected  and  the  influence  which  has  been  exerted  npon  them  bj'  er- 
rors of  various  kinds. 

In  this  matter,  as  with  most  others,  we  are  likely  to  fall  into 
extreme  views.  Some  of  us  maintain  that  experiment  alone  is 
the  key,  by  the  use  of  which  Nature's  mysteries  are  to  be  explored, 
and  we  fortify  our  belief  by  pointing  to  Faraday,  the  greatest  ex- 
perimental philosopher  the  world  has  yet  produced.  We  forget 
that  Faraday  was  ignorant  only  of  the  outward,  conventional 
symbols  of  mathematical  reasoning  and  that  one  of  the  greatest 
works  on  mathematical  physics,  by  one  of  the  greatest  mathemat- 
ical physicists  of  modern  times  is  confessedly  but  little  more  than 
bis  interpretation. 

Dazzled  by  the  success  of  the  leaders  and  representatives  of  an- 
other school,  we  proclaim  that  true  success  will  depend  on  mathe- 
matical attainment,  and  that  mathematical  physics  is  the  only 
physics  worthy  of  the  name.  Here,  again,  the  exceptionally  bril- 
liant few,  who  have  succeeded  under  this  training,  stand  as  its  expo- 
nents and  we  fail  to  consider  that,  if  adopted  to  the  exclusion  of 
the  first,  its  results  may  be  disastrous  in  the  extreme.  No  better 
evidence  of  this  need  be  furnished  than  is  found  in  the  remarks 
recently  made  by  Mr.  G.  H.  Darwin,  concerning  a  contest  for 
honors,  in  what  is  generally  admitted  to  be  the  greatest  school  of 
mathematics  ond  mathematical  Physics  in  existence.  Mr.  Darwin, 
who  was  one  of  the  examiners,  says,  ^'  The  subject  which  exhibited 
the  average  weakness  of  grasp  most  flagrantly  was  thermodynamics. 
A  great  many  men  had  read  something  of  it,  but  very  few  really 
understood  what  they  attempted  to  explain.  Extraordinary  mud- 
dle and  confusion  was  sent  up  in  answer  to  a  question  on  the 
absolute  scale  of  temperature.  On  another  question,  while  the 
very  elements  of  the  subject  were  unknown  to  those  who  answered, 
the  same  men  reproduced  faultlessly  the  algebraic  calculation  of 
the  thermodynamic  function  for  a  perfect  gas." 

Mr.  Darwin  also  strongly  recommends  such  a  change  in  the  style 
of  questions  as  that  half  intelligence  may  be  more  stringently 
treated  and  men  induced  to  read  less  and  master  more,  and  to  gain 
a  comprehension  of  physical  principles. 

There  can  be  little  doubt  but  that  the  experimental  and  mathe- 
matical study  of  the  subject  should  go  on  together,  assuming,  of 
course,  a  suflScient  preliminary  training  in  pure  mathematics. 

What  seems  desirable,  therefore,  at  least  in  some  instances,  is 
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less  experimental  work  on  the  part  of  the  student  and  moi*e 
Ihoroogb  and  exhaustive  discussion  and  examination  of  what  is 
done. 

This  leads  at  once  to  the  consideration  of  what  ought  to  be  the 
natare  of  the  work  done  in  the  laboratory.     The  limits  to  which 
I  am  confined  will  not  allow  me  to  enter  into  any  length}^  discus- 
sion of  this  important  question. 

I  will  remark,  however,  that  in  my  opinion  there  is  much  done 
which  is  neither  desirable  nor  necessary.  As  a  rule  quantitative 
work  alone,  and  that  the  best  possible  under  the  circumstances, 
should  occupy  the  time  of  the  student.  I  would  relegate  to  the 
lecture  table  of  the  instructor  all  illustrative  experiments  and 
qualitative  work  necessary  to  a  good  understanding  of  the  under- 
l3ing  principles  of  the  subject,  which  every  student  should  possess 
when  he  enters  the  laboratory.  That  which  he  gets  which  is  of  most 
worth  in  his  course  in  a  physical  laboratory  is  not  a  familiarity 
with  the  principles  of  the  science,  but  a  training  in  the  methods 
of  investigation  in  use  among  physicists,  including  a  knowledge 
of  the  use  and  abuse  of  experiment  and  the  necessary  limits  of 
our  knowledge  derived  therefrom.  The  study  which  he  ought  to 
make  of  eiTors,  instrumental  and  accidental,  will  be  of  great  value 
to  him  in  other  fields  than  this. 

As  an  illustration  of  the  lack  of  this  sort  of  training,  I  may  be 
allowed  to  mention  a  lecture  to  which  I  listened  recently,  deliv- 
ered by  the  chief  engineer  of  one  of  the  leading  railroads  in  the 
country.  The  subject  was  the  "  Great  Pyramid,"  and  in  speaking 
of  certain  measurements  taken  in  the  interior  he  declared  the  re- 
snlts,  which  were  given  in  feet,  inches,  and  thousandths  of  an  inch, 
to  be  absolutely  accurate^  taking  especial  care  to  disclaim  anything 
in  the  nature  of  an  approximation. 

I  need  hardly  explain  that  he  was  declaiming  against  the  intro- 
duction and  adoption  of  a  system  of  metrology  which  has  done 
and  will  continue  to  do  much  to  increase  the  simplicity  and  accu- 
racy of  all  measurements. 

I  have  said  that  this  quantitative  work  should  be  of  the  best 
quality  possible.  It  is  better  for  the  laboratory  to  contain  a  few 
instruments  of  real  precision  than  a  large  number  of  inferior  per- 
formance and  accuracy.  It  is  not  a  matter  of  great  importance 
upon  which  particular  department  of  physics  a  student  shall  spend 
biB  time  and  strength.    The  underlying  principles  of  this  method 
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of  study  are  common  to  all  and  it  is  a  matter  of  experience  that 
when  a  student  has  successfully  accomplished  a  tolerably  exhaust- 
ive investigation  of  one  topic,  involving,  it  may  be,  but  a  single 
instrument  with  its  accessories,  he  is  upon  his  feet  for  the  re- 
mainder of  the  course. 

To  sum  up,  the  course  of  study  in  physics  for  the  undergraduate 
collegian,  which  I  have  tried  to  indicate,  should  include  a  sufllcicnt 
training  in  mathematics  to  enable  him  to  apply  his  knowledge 
with  ease  and  facility  to  the  more  common  physical  problems ;  a 
thorough  and  exacting  course  of  text  book  and  lecture  work,  in 
which  the  application  of  his  mathematical  knowleJgc  would  be 
made,  and  during  which  all  illustrative  experiments  necessary  to  a 
corai)lcte  understanding  of  the  text  should  be  exhibited  by  the 
instructor  from  the  lecture  table  ;  and,  finally,  this  to  be  supple- 
mented b}'  a  course  in  the  laboratory  in  which  more  attention  is 
paid  to  the  quality  than  to  the  quantity  of  work  done ;  during 
which  every  problem  is  discussed,  as  far  as  possible,  both  mathe- 
matically and  experimentally  and  es[>ecial  attention  is  given  to  the 
discussion  of  the  results  of  experiment  and  of  the  more  element- 
ary portions  of  the  theory  of  errors. 

Considering  the  work  as  thus  divided  into  three  parts,  I  am 
unable  to  see  which  is  the  least  essential. 

I  desire  to  say  a  few  words  in  regard  to  instiniction  in  physics 
in  the  school,  about  which  we  are,  apparently,  more  remotely  con- 
cerned. Even  greater  reform  is  demanded  in  this  direction  than 
in  the  other.  Although  there  are  numerous  American  text-books, 
I  venture  the  remark  that  none  have  properly  combined,  in  their 
making,  the  experience  of  the  class  room  with  the  critical  knowl- 
edge of  the  scholar.  We  may  import  them  from  £urope,  it  is  true, 
as  we  must,  also,  our  more  advanced  text  books,  but,  although 
in  the  main  vastly  superior  to  our  own,  they  are  still  not  entirely 
suited  to  the  wants  of  American  schools  and  American  pupils. 
These  books,  in  the  hands  of  teachers  who  know  little  or  nothing 
outside  of  the  books  they  use  and  often  falling  far  short  of  that, 
serve  to  put  the  instruction  in  elementary  physics  in  this  country 
in  a  condition  over  which  no  one  can  grow  very  enthusiastic ;  and 
this  in  spite  of  the  prominent  place  which  has  been  given  it  and  the 
considerable  attention  it  has  received.  Unsound  doctrines  and 
absurd  theories  are  promulgated  because  of  an  inability  to  dis- 
tinguish the  ring  of  genuine  metal.    These  become  so  deeply 
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rooted  that  it  is  difficult  and  often  impossible  in  after  years  to 
clear  them  away. 

I  helieve  it  to  be  possible  for  this  Association  to  exert  a  strong 
influence  in  favor  of  an  improvement  in  the  character  of  the  in- 
atruclion  in  ph^'sics  in  both  elementary  and  higher  institutions  of 
learning  in  America.   Much  of  it  at  present  does  us  no  credit  and 
must  eventually  do  us  much  harm.     At  a  meeting  of  this  Asso- 
ciation in  Nashville,  five  years  ago,  a  committee  was  appointed  to 
lepoi^  upon  Science  teaching  in .  the  Public  Schools.     At  the 
Boston  meeting,  two  years  ago,  this  committee  presented  a  report 
which  embodied  much  thought  upon  the  subject  and  was  replete 
with  just  and  keen  criticisms  of  present  systems.    It  is  greatly  to 
be  regretted  that  this  report  cannot  have  found  its  way  into  the 
hands  of  those  whom  it  would  most  benefit.    A  wide  distribution 
ought  to  have  been  secured,  and  I  am  convinced  that  it  is  not  yet 
too  late  to  remedy  this  error. 

The  same  gentlemen  were  continued  as  a  committee  to  report 
upon  the  Best  Method  of  Science  Teaching  in  Public  Schools,  and 
it  is  to  be  hoped  that  a  scheme  may  be  presented  at  no  distant 
day.  I  will  venture  the  opinion,  however,  that  the  best  results 
will  not  be  obtained  until  this,  or  a  similar,  committee  shall  work 
in  co6i)eration  with  representatives  of  the  Public  Schools  them- 
selves, and  I  would  suggest  the  feasibility  of  securing  such 
cooperation  through  the  National  Educational  Association. 

No  such  diflQculty  is  in  the  way  of  securing  an  improvement  in 
the  teaching  of  physics  in  Colleges  and  Universities,  for  those 
most  interested  are,  in  the  main,  a  part  of  this  Association  and  of 
this  Section. 

I  will  not  venture  to  suggest  in  what  manner  the  Association 
might  best  make  itself  felt  in  this  matter,  although  I  think  that 
would  not  be  difllcult  to  ascertain.  I  have  only  endeavored  to  di- 
rect attention  to  some  of  the  salient  features  of  the  problem  and 
to  ask  its  consideration  at  the  hands  of  many  members  of  the 
Section  who  come  in  almost  daily  contact  with  it  and  who  will,  I 
am  convinced,  sustain  me  in  the  belief  that  it  is  not  unworthy  to 
be  brought  before  this  body. 

In  preparing  this  discussion  of  the  subject,  I  have  not  had  ac- 
cess to  such  information  as  would  have  been  desirable,  concerning 
the  work  which  is  being  done  in  many  institutions,  nor  have  I 
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been  able  to  consult  with  others  who  are  especially  engaged  in  its 
management.  Indeed  it  was  this  very  lack  of  accessible  informa* 
tion,  this  very  impossibility  of  personal  consultation,  with  whicli 
I  met  in  the  outset,  that  convinced  me  of  the  impoi-tance  of  di- 
recting the  attention  of  the  Section  to  the  subject. 

What  the  Section  could  do  in  the  direction  indicated  seems  to 
be  tolerably  clear  and  certain.  Whether  it  is  wise  or  desirable 
that  it  should  undertake  to  do  anything  is  a  matter  which  I  wil- 
lingly leave  for  it  to  determine. 


PAPERS  READ. 


Oh  the  Apparent  Size  of  Magnified  Objects.    By  Wm.  H. 
Brewer,  of  New  Hayeo,  Ct. 

[▲B8TRA0T.] 

An  object  seen  magnified  in  a  compound  microscope  by  different 
persons  impresses  them  very  differently  as  to  its  apparent  size. 
It  Is  well  known  that  suck  magnified  object  seems  very  much  larger 
to  some  persons  than  to  others,  and  a  few  data  pertaining  to  this 
fact  have  been  published. 

Some  years  ago,  when  I  bad  classes  annually  in  microscopy,  it 
was  my  custom  to  illustrate  this  difference  of  mental  impression 
by  having  each  member  of  the  class  in  turn  mark  his  estimate  of 
the  apparent  size  of  some  object,  and  when  all  had  done,  exhibit  to 
them  the  estimates.  This  always  provoked  discussion,  reexamina- 
tions of  the  object,  and  wonderment  on  the  part  of  some  that  others 
saw  it  so  much  larger  or  smaller  than  it  appeared  to  themselves. 

Inasmuch  as  I  knew  of  no  publication  of  specific  experiments 
pertaining  to  this  matter,  I  finally  determined  to  keep  a  record  of 
such  estimates,  and  see  what  relation  the  average  bore  to  the 
standard  adopted  by  microscopists.  Such  record  was  begun  with 
the  estimates  of  my  class  in  May,  1873.  To  this  were  added 
the  estimates  of  succeeding  classes.  In  1876  I  ceased  giving  in- 
struction in  microscopy,  but  these  experiments  have  been  contin- 
ned  upon  such  other  persons  as  I  have  had  opportunity  to  examine, 
until  now  I  have  a  number  of  observations  sufiSciently  large  to  give 
some  results. 

At  one  time  or  another  I  had  used  various  objects  for  this  ex- 
periment: a  circular  diatom,  a  ruled  scale  (as  has  since  been 
used  by  other  experimenters),  an  insect,  and  other  objects ;  but 
for  reasons  to  be  mentioned  later,  I  finally  chose  a  small  insect  as 
best  suited  to  my  purposes. 

(139) 
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The  insect  chosen  was  a  head-louse  (Pediculus  capitis)^  moanted 
in  glycerine  jellj',  an  unusually  fine  specimen.  I  used  a  binocular 
stand,  a  1^  inch  objective,  which,  with  the  ocular  used  gave  a 
magnifying  power  of  about  thirty-nine  diameters.  The  estimates 
recorded  were  given  in  answer  to  a  question  stated  somewhat 
thus :  —  "  About  how  long,  from  snout  to  tail,  does  this  insect  ap- 
pear to  you  as  you  see  it  magnified  in  the  instrument?"  If  fur- 
ther explanation  was  asked,  as  it  ver}*  often  was,  it  was  given,  that 
the  object  of  the  inquiry  might  be  clearl}'  understood.  Some  of  the 
observations  were  made  with  a  d-inch,  a  6-inch,  a  12-inch  and  a  24- 
inch  rule  lying  on  the  table  for  convenient  comparison ;  most  of 
the  other  observations  with  a  foot-rule  similarly  at  hand. 

The  image  projected  with  camera  lucida  u|>on  a  sheet  of  paper 
ten  inches  from  the  axis  of  the  instrument,  gives  the  following 
data:  —  length  of  image  '^from  snout  to  tail,"  4.66  inches  (118.4 
mm.)  ;  greatest  dimensions  including  antennse  (or  as  some  observers 
expressed  it,  *^  horns  and  all")  4.87  inches  (123.7  mm.)  ;  diameter 
of  field  5.85  inches  (148.6  mm.).  The  insect  was  therefore  en- 
tirely within  the  field  with  some  room  on  all  sides  and  3'et  extending 
far  enough  (about  f  across  the  field)  so  as  not  to  appear  as  a  mi- 
nute object  in  a  large  circle  of  light.  The  instrument  was  always 
inclined  at  a  suitable  angle  for  comfortable  observation,  the  object 
viewed  by  transmitted  light,  and  nearly  all  the  observations  were 
by  daylight. 

The  number  of  persons  whose  answers  I  have  recorded  is  443. 
About  230  of  these  were  students  in  the  Sheffield  Scientific  School 
of  Yale  College,  many  of  whom  were  accustomed  to  use  the  mi- 
croscope. Of  the  remainder,  thirteen  were  children  under  twelve 
3'ears  of  age,  a  few  were  ladies,  over  a  hundred  were  mechanics 
and  workmen,  others  were  professional  men,  etc.,  some  of  whom 
were  experts  in  the  use  of  the  instrument.  A  large  house  is  in 
course  of  building  near  my  own,  and  one  day  I  took  the  microscope 
to  where  the  workmen  were  taking  their  '*  nooning,"  and  with  the 
instrument  set  on  a  pile  of  bricks  as  a  table,  they  took  turns  in  view- 
ing the  object  and  making  their  estimates ;  at  another  time  the 
workmen  on  a  bridge  were  tried  ;  other  days  I  visited  the  ma- 
chine shops  near  the  college,  and  thus  in  a  variety  of  ways  the 
subjects  for  examination  were  caught. 

The  persons  experimented  upon  thus  embrace  a  great  variety  as 
to  a<ye,  intelligence  and  vocation,  from  veterans  in  the  use  of  the  mi- 
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croacopc  to  those  who  were  looking  into  it  for  the  first  time ;  in  ago 

from  less  than  ^ve  years  to  upward  of  eighty-five ;  in  intelligence 

fvom  eminent  scientists  to  Irish  hod-carriers  and  negro  lahorers. 

Very  many  of  the  estimates  were  sharp  and  specific,  as  ''4j- 

inches,"  "  about  6  inches"  or  "just  about  2  inches."    Others  were 

less  definite,  as  "  5  or  6  inches,"  "  3  j-  or  4  inches.    In  such  cases 

I  have  used  the  mean  in  my  tables,  so  it  must  be  understood  that 

many  of  the  estimates  were  not  so  sharply  stated  as  the  figures  in 

the  table  would  impl}'. 

Of  the  443  recorded  numbers,  two  are  discarded  because  the 
question  was  obviously  misunderstood ;  another  said  the  object  con- 
veyed no  idea  to  him  of  size  whatever,  merely  foim,  and  he  could 
give  it  no  size.  The  estimates  of  the  remaining  440,  without  giving 
the  number  for  each  fraction  of  an  inch,  may  be  tabulated  as  fol- 
lows :  — 

Less  than  one  Inch  2 

1  Inch  and  less  than    2      .•••••      87 

2  inches  '*      "       "       8 64 

3  "       "      **       "       4      .    .     ,    .    .    .      88 

4  *«       ••      "       "       5 91 

6      "       "      "       "        6      ......      66 

6  "       "      »«       "        7 49 

7  "      «*      ««       «•       8 14 

8  "  n     it       «4       9      .....    •  10 

9  **       ««      ««       "10 7 

10  "       "      "       "12 8 

12  " 7 

14  " 2 

18  " 1 

2  to  5  feet 4 

Total  number  of  persons    .    •    440 

As  the  image  projected  at  10  inches,  measures  4.G6  inches,  we 
may  say  that  to  all  those  whose  estimates  are  4j^,  4f  and  4^  inches, 
the  object  appeared  at  its  theoretical  magnitude.  These  number. 
forty-one,  about  nine  |)er  cent.  There  were  241  estimates,  or  about 
fifty-five  per  cent  below  4^  inches,  and  158,  or  about  thirty-six  per 
cent  above  4  J  inches.  Eighty-two  persons,  or  nearly  nineteen  per 
cent  estimated  from  4^  to  5  inches  inclusive,  and  it  is  fair  to  say 
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that  all  these  saw  the  object  at  about  its  theoretical  magnitade. 
There  were  236,  or  nearly  fifty-four  per  cent  lower  and  only  about 
half  as  many,  122  or  less  than  twenty-eight  per  cent  higher. 
There  are  sixty-five  estimates  of  2  inches  or  less  and  twenty-two 
of  10  inches  or  more ;  there  are  ten  of  an  inch  or  less  and  four- 
teen of  a  foot  or  more. 

This  enormous  difference  of  mental  conception,  as  to  size,  imme- 
diately suggests  comparisons  with  the  impressions  different  people 
have  of  the  size  of  the  moon,  which  is  really  a  very  different 
matter. 

The  moon  is  seen  as  a  bright,  round,  structureless  object  sus- 
pended against  a  darker  sky  which  spi*eads  out  on  every  side  into 
a  vas(  and  practically  unlimited  field,  and  the  object  is  at  an  un- 
known but  evidently  considerable  distance.  With  the  object  seen 
in  the  microscope,  all  this  is  reversed.  We  have  a  dark  object  on  a 
bright  and  limited  field.  We  look  into  a  small  dark  hole  through 
which  we  see  the  open  light,  and  just  bej^ond  the  faintl}*  visible 
circling  edge  which  limits  the  field,  we  see  the  magnified  object.  It 
never  seems  more  than  a  very  few  feet  distant  at  most.  Most  per- 
sons whom  I  have  questioned  on  this  matter  say  that  the  object  ap- 
pears at  about  the  distance  they  would  hold  a  book  to  read  or  any 
object  to  be  plainly  seen  ;  man}'  say  less  than  this.  It  never  appears 
at  a  vast  and  indefinite  distance  from  us,  as  the  moon  does ;  it  always 
appears  in  near  view,  as  a  large  insect  might  against  a  circular 
window  near,  or  upon  a  limited  white  surface  near  us.  Its  appar- 
ent distance  from  us  may  be,  and  usually  is,  indefinite,  but  it  is 
never  great. 

When  we  see  any  object  by  natural  vision  so  plainlj'  and  appar- 
ently so  near,  we  always  form  a  reasonably  correct  idea  of  its  size ; 
it  is  only  when  the  distance  becomes  veiy  much  greater,  that  the 
judgment  becomes  seriously  perverted  and  then,  the  greater  the 
distance  the  greater  the  liability  to  such  perversion. 

Further,  comparing  this  phenomenon  with  that  of  the  apparent 
size  of  the  moon,  that  is  a  structureless  disk  at  an  indefinite  dis- 
tance in  a  measureless  field  ;  probably  if  it  had  legs,  and  head,  and 
body,  or  was  of  irregular  shape  like  a  house  or  even  a  cloud,  no 
one  would  say  that  it  looked  no  larger  to  them  than  a  dinner- 
plate,  as  many  now  do.  As  it  is,  thei*e  is  nothing  in  itself,  even  if 
it  were  near,  to  suggest  any  size  whatever.  On  the  other  hand, 
the  object  I  chose  for  these  estimates  was  an  organism  which 
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when  magnified  was  not  so  very  unlike  creatures  with  which  we  are 
familiar.  Many  compared  it  to  a  cockroach,  a  turtle,  a  lobster,  or 
some  other  familiar  animal.  For  example:  two  students  were 
discassing  their  respective  estimates  which  differed  widely ;  one 
said  earnestly  to  the  other,  after  again  looking  into  the  instrument, 
*^How  is  it  possible  that  3*on  have  marked  eight  inches?  It  looks 
to  me  scarcely  larger  than  a  big  cockroach."  The  other  answered, 
as  he  too  again  looked  into  the  instrument,  ^^  it  seems  as  large  to  my 
eyes  as  a  lobster  would  lying  on  the  table  before  me ;"  and  similar 
comparisons  I  have  heard  a  score  of  times. 

As  far  as  I  have  been  able  to  see,  this  mental  impression  as  to 
size  is  reasonably  definite  with  each  individual  and  usually  does 
not  materially  change,  unless  the  impression  at  first  is  far  from  the 
theoretical  size,  and  is  changed  later  by  practice  in  drawing  with  the 
camera-lucida.  To  one  person  the  object  will  always  appear  smaller 
than  to  another.  For  example :  a  graduate  student  in  my  class 
estimated  the  length  2  inches;  seven  years  later  (during  which 
interval  he  had  been  engaged  in  scientific  work,  and  had  made 
considerable  use  of  the  instrument)  I  tested  him  again,  and  his 
estimate  was  1^  inches,  he  having  forgotten  entirely  that  he  had 
ever  estimated  it  before.  Another,  a  professor  in  college  who 
constantly  uses  a  microscope  in  his  professional  work  (to  get  the 
form  of  objects,  but  who  has  no  occasion  to  draw  them),  estimated 
9  inches ;  two  or  three  years  later  I  tested  him  again ;  he  answered, 
*^6  or  8  inches."  Again,  after  several  more  years  had  passed,  as 
he  happened  to  be  in  my  room  when  the  instrument  was  on  the 
table,  I  tried  him  again  as  if  it  was  merely  a  casual  question  ;  he 
answered,  *"*•  about  7  inches ;"  the  interval  between  the  first  and  last 
observation  was  more  than  eight  years.  I  have  kept  records  of 
duplicate  estimates  made  by  more  than  thirty  persons,  the  intervals 
ranging  from  a  few  months  to  nine  years,  and  as  a  rule,  those  who 
see  the  object  as  of  large  size  first,  always  see  it  so ;  this  is  true  even 
of  children.  I  experimented  with  one  of  my  own  children,  a  boy  in 
bis  sixth  year,  by  having  him  point  out  on  a  stick  how  long  the 
object  appeared  to  him,  and  the  length  he  indicated  was  6  inches. 
Six  months  later  I  tested  him  again,  using  a  very  different  stick 
and  he  indicated  6j>  inches. 

Microscopists  as  a  class  do  not  estimate  any  nearer  the  theoret- 
ical standard  than  persons  unaccustomed  to  the  use  of  the 
instroment.    I  have  run  over  the  list  and  taken  the  estimates  of 
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the  twenty-nine  persons  whom  I  know  to  be  microscopists  of  some 
considerable  sltill,  and  twentj'-one  of  tliem,  or  three-rourtlis  of 
their  number,  estimated  below  the  theoretical  size;  seventcea  oT 
their  estimates  were  leas  than  3  inches  and  six  less  than  2  inelies. 
The  college  professor  who  showed  me  the  Qist  goo<l  comi>ouad 
microscope  I  ever  saw,  now  more  than  thirty-three  years  ago,  and 
who  has  used  the  instrument  more  or  less  ever  since,  estimated 
the  length  at  but  1^  inches. 

While  the  majority  of  microscopists  underestimate  the  length, 
mechanics  and  artisans  more  often  overestimate.  Tliey  usually 
mentally  divide  the  object  into  parts  and  from  their  snm  make  the 
total,  and  I  think  that  their  estimates  average  nearer  the  tbeoreti- 
cal  value  than  would  those  of  skilled  microscopists  not  accustomed 
to  draw  with  a  camera-lucida. 

Regarding  the  few  persona  who  estimated  several  feet,  one  was 
a  gi'ocer  who  said  that  the  moon  always  seemed  very  much  larger 
to  him  than  it  did  to  most  people, — his  estimate  waa  "2  to  2}  feet. 
Tlie  highest  estimate  was  by  a  mechanic  who  was  accustomed  to 
draw  and  plot  his  work.  His  estimate  was  5  feet.  The  instrument 
Stood  upon  a  high  desk  in  bis  shop,  inclined  highly,  be  esaminetl 
the  object  leisurely  and  was  entirely  ignorant  of  the  estimates  of 
any  one  else.  Ui)0n  questioning,  he  compared  it  to  a  picture 
tbrown  upon  a  screen  by  a  stereopticon. 

With  most  persons,  if  the  estimate  is  made  quickly,  tbe  impres- 
sion as  to  size  is  reasonably  detinitc,  but  if  one  stops  and  triea  to 
reason  upon  it,  it  gi'ows  less  so.  We  can  illustrute  this  to  oureelves 
by  looking  into  the  instrument  with  one  eye  and  at  a  scale  with 
the  otlier.  If  the  scale  ia  fixed,  the  object  seema  of  a  definite 
length  upon  it,  but  if  the  scale  is  retreated  from  or  approached  to 
the  eye  the  object  covers  more  ov  less  space  and  the  impression  of 
definite  size  is  soon  lost.  One  reason  for  choosing  the  oliject  I  did 
for  this  luvestigalion  was  that  the  interest  in  the  species,  with 
most  observers,  drew  attention  away  from  conscious  calculation. 

Occasionally  a  person  is  found  who  can  picture  it  of  any  size. 
A  professor  of  physics,  accustomed  to  optical  Instruments,  says 
"1  can  sec  it  at  will  of  any  size  from  three  incbea  to  three  feet, 
but  it  appears  best  at  about  six  inches."  And  I  have  credited  him 
with  that  estimate  in  my  list. 

I  do  not  purpose  to  enter  here  the  disputed  fields  of  psychology 
into  nhich  tbe  stndy  of  visual  perception  naturally  leads  na,  bat 
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there  ore  many  instructive  things  brought  out  by  these  experiments. 
To  me  the  most  curious  has  been   the  antagonism  between   the 
impression  derived  from  the  visual  angle  of  the  magnified  object, 
and  its  apparent  distance  from  the  observer.     We  commonly  say 
that  the  impression  of  size  is  determined  by  the  two  factors,  visual 
angle,  and  the  distance  of  the  object.    But  in  these  estimates  it 
has  been  curious  to  see  in  how  many  cases  the  impression  as  to 
distance  and  size  has  been  antagonistic.     Thus  a  person,  who  had 
estimated  the  apparent  size  at  H  inches,  was  asked  how  far  off 
from  the  eye  it  seemed,  he  held  an  object  up  before  his  eye  to 
indicate  how  far  off   the  magnified   object  appeared.     At    the 
distance  indicated  and  with  the  visual  angle  actually  subtended, 
the  object  should  have  appeared  about  a  foot  long.     I  have  noticed 
many  cases  illustrating  the  same  class  of  phenomena,  where  the 
estimates  of  apparent  size  and  apparent  distance  were  made  inde- 
pendently of  each  other  and  without  calculation,  and  when  if  one 
was  correct,  the  other  should  have  been  many  (even  ten  or  more) 
times  as  lai^e  or  small. 

All  this  applies  only  to  the  mental  impression  of  size  when 

objects  are  magnified  in  the  compound  microscope.     With  the 

simple  microscope  there  are  no  such  great  differences  of  impression 

is  to  magnitude.     Of  various  other  phenomena  connected  with  these 

expenments,  it  is  not  the  purpose  of  this  paper  to  speak. 
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The  Spectboscopic  Rain-band.    By  Winslow  Upton,  of  Wash- 
ington, D.  C. 

[abstract.] 

Considerable  attention  has  been  bestowed  upon  the  variable 

lines  in  the  spectrum  due  to  atmospheric  causes,  especiall}'  to  those 

due  to  the  presence  of  aqueous  vapor,  which  have  been  studied  by 

Jaiissen,  Secchi,  Smyth  and  others.     These  vapor  lines  vary  with 

the  amount  of  aqueous  vapor  and  hence  can  be  taken  as  furnishing 

a  measure  of  the  amount  present  at  ditTerent  times.     The  lines 

near  B  are  especially  suited  for  this  purpose  and  can  be  observed 

^th  a  pocket  spectroscope  directed  to  different  portions  of  the 
sky. 
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[The  changes  in  the  lines  themselves  which  cause  the  variability 
of  the  D  rain-band  illustrated  by  chart.] 

Regular  observations  have  been  made  by  myself  with  a  Brown- 
ing pocket  spectroscope,  the  results  of  which  are  illustrated  by  a 
diagram  giving  the  rain-band  curve  and  also  the  amount  of  rain- 
fall noted  and  the  psychometric  curve  obtained  from  dry  and  wet- 
bulb  readings. 

An  improvement  of  the  instrument  is  suggested  by  introducing 
a  shaded  band  for  comparison. 

The  results  obtained  may  be  summarized : 

1.  The  rain-band  is  of  value  in  estimating  the  amount  of  aque- 
ous vapor  present  in  the  atmosphere. 

2.  Its  indications  follow  in  general  those  of  the  psychrometer 
but  have  the  advantage  of  showing  the  vapor  present  in  a  large 
portion  of  the  atmosphere,  which  advantage  is  occasionally  of  use. 

3.  It  is  of  some  use  in  foretelling  rain,  but  must  be  used  as  any 
hygrometer  and  not  as  an  infallible  indicator  independent  of  other 
conditions. 

4.  Improvements  iu  the  instrument  used  are  needed  to  increase 
its  efficiency,  before  it  can  be  regarded  as  a  meteorological  instru- 
ment. 


On  the  Duration   of   Color-Impressions   upon  the   Retina. 
By  E.  L.  Nichols,  of  Richmond,  Ky. 

[ABSTRACT.] 

By  a  modification  of  the  method  of  Plateau  the  author  has  de- 
termined for  six  different  portions  of  the  spectrum,  the  rate  of 
revolution  which  must  be  imparted  to  a  disk,  with  several  narrow 
open  sectors,  in  order  to  produce  an  unbroken  visual  image  of  the 
spectral  region  viewed  through  the  disk. 

The  rate  of  revolution,  which  may  be  taken  as  a  measure  of  the 
persistence  of  vision,  was  found  to  be  a  function  of  the  wave  length 
and  of  the  intensity  of  the  ray.  The  results  of  the  experiments 
described  may  be  represented  by  a  series  of  curves,  with  wave- 
lengths as  abscissae  ^nd  duration  of  the  impression  upon  the  retina 
as  ordinates.  These  curves  show  a  certain  resemblance  to  the 
curves  for  the  relative  luminosity  of  the  different  spectral  regions, 
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tnensured  by  Fraaenhofer,  Vierordt  and  Rood.  The  maximum 
IB  in  the  same  position  —  between  D  and  £  but  nearer  D  than  E. 
It  seems  highly  probable  that  the  duration  of  impression  is  in- 
Tersely  proportional  to  the  luminosity.  The  curves  for  the  duration 
of  the  visual  image  exhibit,  it  is  true,  relatively  larger  values  for 
the  more  refrangible  rays,  but  these  curves  correspond  of  necessity 
to  a  very  faint  spectrum.  The  change  which  the  curve  for  lumi- 
nosity would  undergo,  were  the  intensity  of  the  ray  decreased, 
would,  owing  to  the  greater  activity  of  the  violet  nerves  of  the  eye 
at  low  intensities,  cause  that  curve  to  approach  much  more  nearly, 
if  it  did  not  coincide  with  the  curves  for  duration  of  impression. 

It  was  also  found  that  the  curve  differed  greatlj'  in  the  case  of 
different  observers,  and  to  a  less  degree  from  time  to  time,  for  the 
same  eye. 

The  interval  of  darkness  which  may  be  allowed  to  intervene  be- 
tween exposures  of  a  given  duration,  without  interfering  with  the 
apparent  continuity  of  vision,  and  its  variation  when  the  length  of 
exposure  varied,  were  also  determined.  The  exposure  varied  from 
fiijf  second,  to  i^^  second,  and  the  interval  of  darkness  was 
found  to  vary,  but  in  less  degree. 


Oh    ▲    MEAH-DIRECnOK   nVTEORATING    ANEMOMETER.   By   ChaS.    K. 

Wkad,  of  Ann  Arbor,  Mich. 

[abstract.] 

Many  forms  of  anemographs  have  been  devised  that  record  the 
direction  of  the  wind  at  each  instant  as  in  Beckley's,  or  to  eight 
points  from  time  to  time,  as  in  the  signal  service  record.  But  it  is  a 
tedious  problem  to  obtain  from  these  records  the  ^^rnean  direction'* 
of  the  wind  for  any  time  by  the  aid  of  a  traverse  table.  The 
instrument  now  described  performs  at  each  instant  the  resolution 
Into  an  N  and  E  component  that  is  effected  by  the  traverse  table, 
and  takes  the  sums  of  all  similar  components  for  any  length  of 
time. 


148  THE   ELECTSIO   SPARK;   BT  W.   LB  COMTB    8TEYEN8. 

Two  equal  gear  wheels  A  and  B  are  connected  to  one  of  the 
same  size  on  the  shaft  of  the  wind-vane  :  on  each  of  them  a  stud 
works  in  a  slot  in  the  head  of  the  familiar  yoke-headed  connect- 
ing-rod ;  the  two  studs  being  set  ^'at  quarters/'  the  distant  end  of 
the  connecting  rod  will  be  displaced  from  its  mean  position  by  an 
amount  proportional  to  the  sine  or  cosine  of  the  angle  through 
which  A  and  B  and  the  vane  have  been  turned  from  the  meridian. 
On  these  ends. friction-wheels  C  and  Dare  pivoted  which  turn 
freely  in  a  plane  perpendicular  to  the  rod.  C  and  D  slide  over  the 
faces  of  wheels  underneath  them  and  are  driven  by  friction  on 
them :  these  wheels,  E  and  F,  have  the  same  velocity,  and  are 
driven  either  by  clock-work  to  get  a  time-integration  as  in  Coffin's 
tables,  or  by  a  '^  step  by  step  mechanism  "  (as  in  a  dial  telegi*aph) 
actuated  whenever  a  mile  of  wind  has  passed,  to  obtain  a  distance- 
integration.  The  velocity  and  direction  in  which  C  and  D  are 
driven  will  depend  on  their  distance  from  the  centres  of  £  or  F ; 
that  is,  on  the  position  of  the  studs  in  A  and  B,  and  so  ultimately 
on  the  direction  of  the  wind. 

C  and  D  are  connected  with  counters  or  with  type-wheels  for 
printing ;  and  the  instrument  is  easily  modified  (as  in  the  drawing 
exhibited),  so  as  to  find  the  mean  direction  from  such  old  records 
as  give  the  actual  direction  at  every  instant. 

To  find  the  mean  direction  :  obviously  the  reading  of  the  counter 
of  C  divided  by  the  reading  on  the  counter  of  D  gives  the  tangent 
of  the  angle  from  the  meridian  (or  the  co-tangent,  according  to 
the  original  setting  of  A  and  B). 


On  Vision  by  the   Light   of  the   Electric   Spark.     By  W. 
Le  Conte  Stevens,  of  New  York,  N.  Y.* 

[abstract.] 

This  paper  is  merely  the  continuation  of  an  investigation,  pub- 
lished lately  in  the  Am.  Journal  of  Science,  in  which  the  current 
theory  of  binocular  perspective,  on  the  principle  of  visual  triangu- 

1  Published  in  fall  in  the  Am.  Journal  of  Science  for  Oct.,  1882;  also  full  abstracts 
in  the  London  Philosophical  Magazine  for  Oct.,  1882. 
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lation,  lias  been  tested  in  various  ways.  This  theory  still  has  its 
place  in  most  of  our  text-books,  being  due  mainly  to  the  surviving 
aathority  of  Sir  David  Brewster  and  Briicke. 

The  writer  has  shown  that  it  fails  to  take  into  account  some 
important  physiological  conditions  and  is  wholly  inadequate  in 
many  cases.  He  has  shown  that  the  unconscious  interpretation  of 
muscnlar  sensation  explains  all  that  Brewster's  theory  explains, 
and  mach  more.  In  studying  certain  mistaken  observations  by 
Brewster,  he  has  been  en.abled  to  devise  a  new  mode  of  stereo- 
scopy,  in  which  the  perception  of  binocular' relief,  reversible  at 
will,  is  secured  in  the  examination  of  a  pair  of  perfectly  similar 
figures,  by  properly  adjusting  these  in  position  and  taking  advan- 
tage of  the  almost  spherical  form  of  the  retina  in  each  eye.  A 
partial  explanation  of  this  has  been  published,  in  which  it  was  as- 
sumed that  the  eyes  have  perfect  freedom  of  motion.  Believing, 
however  that  such  motion  is  not  essential,  however  important  it 
may  be  in  completing  the  perception,  he  deemed  it  advisable  to 
study  this  mode  of  stereoscopy,  with  visual  lines  parallel  or  diver- 
gent, by  the  light  of  the  electric  spark.  This  has  been  done,  with 
the  aid  of  Mr.  W.  W.  Share,  of  Columbia  College,  and  with  ap- 
paratus loaned  by  Prof.  O.  N.  Rood. 

The  result  has  been  to  show  that  the  clear  perception  of  binocu- 
lar relief  is  attainable,  not  only  without  motion  of  the  eyes,  as  first 
shown  by  Dove,  but  without  convergence  of  visual  lines  and  with- 
out the  perception  of  double  images  in  any  part  of  the  binocular 
field  of  view. 


The  BiNOcni.AR  Union  of  Spectral  Images.    By  W.  Le  Conte 
Stevens,  of  New  York,  N.  Y.^ 

[ABSTBACT.j 

In  studying  the  theory  of  vision  the  writer  has  had  occasion  to 
test  certain  experiments  by  Professors  Wheatstone,  Rogers,  and 
Wundt,  on  the  binocular  union  of  images  obtained  by  fatiguing  the 

*  Foblished  in  fuU  in  the  Am.  Joarnal  of  Sctenco  for  Nov.,  18S2,  and  London  Philo- 
•ophical  Ifagasine  for  OcU,  1883. 
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two  retinas  with  the  light  from  illuminated  diagrams,  so  arranged 
as  to  produce  the  appearance  of  relief,  and  then  noting  whether 
this  appearance  is  recognizable  in  the  subsequent  spectral  images 
that  remain  visible  with  more  or  less  distinctness  after  the  actual 
pictures  are  removed. 

The  source  of  possible  error  in  the  experiments  hitherto  made 
consists  in  the  fact  that  the  subsequent  perception  is  vitiated  by 
the  observer's  knowledge  of  what  he  has  just  seen,  or  of  what  ought 
to  be  the  binocular  resultant  under  usual  conditions.  This  objec- 
tion is  applicable  even  in  cases  like  that  detailed  by  Professor  \Vm. 
B.  Rogers,  in  which  the  two  dissimilar  diagrams  were  presented, 
each  to  the  appropriate  eye,  in  succession  rather  than  at  the  same 
time.  This  method  has  been  adopted  in  the  present  investiga- 
tion, but  with  the  additional  important  precaution,  that  the  per- 
son tested  shall  not  know  what  is  the  nature  of  the  relief  that 
should  result  if  the  two  diagrams  were  simultaneously  viewed. 
This  was  then  ascertained,  under  varied  conditions  by  means  of 
the  spectral  images. 

The  result  is  a  full  confirmation  and  an  extension  of  the  con- 
clusion reached  by  Professor  Rogers. 

These  experiments,  like  those  with  the  electric  spark,  show  that 
muscular  action  is  by  no  means  necessary  to  the  perception  of 
binocnlar  relief,  though  often  an  important  aid  ;  also  that  the  per- 
ception of  double  images,  whether  consciously  or  unconsciousl}',  is 
not  necessary.  The  writer  believes  that  difference  in  the  degree  of 
attention  given  to  different  points,  at  the  same  moment  seen  by 
direct  and  by  indirect  vision  respectively,  is  the  only  indispensable 
condition  to  the  perception  of  relief,  and  that  the  interpretation  of 
this  is  a  product  of  individual  experience  and  not,  in  any  demon- 
strable degree,  of  intuition.  In  this  he  accords  with  Helmholtz 
in  opposition  to  many  others  who  have  written  on  this  subject. 
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Upon  the  Electrical  Experiments  to  Determine  the  Location  of 
THE  Bullet  in  the  Body  of  the  late  President  Garfield  ; 

AND  upon  a  successful  FoRM  OF  INDUCTION  BALANCE  FOR  THE 

Painless  Dbteotion  OF  Metallic  Masses  in  the  Human  Bodt.^ 
By  Alexander  Graham  Bell,  of  Washington,  D.  C. 

The  subject  of  my  present  paper  recalls  a  time  of  intense  ex- 
citement and  painful  suspense.  The  long,  weary  struggle  with 
the  untimely  death- wound — the  prolonged  suffering  borne  so  brave- 
ly and  well  by  the  lamented  President  Garfield — must  still  be  fresh 
in  every  recollection.  The  whole  world  watched  by  his  bedside,  and 
hopes  and  fears  filled  every  passing  hour.  No  one  could  venture 
to  predict  the  end  so  long  as  the  position  of  the  bullet  remained 
nnknown.  The  bullet  might  become  safely  encj'sted,  but,  on  the 
other  hand,  recovery  might  depend  upon  its  extraction.  The 
search  with  knife  and  probe  among  vital  and  sensitive  tissues  could 
not  be  otherwise  than  painful  and  dangerous;  and  the  thought 
naturally  arose  that  science  should  be  able  to  discover  some  less 
barbarous  method  of  exploration. 

Among  other  ideas^  the  thought  occurred  that  the  bullet  might 
produce  some  sensible  effect  in  modifying  the  field  of  induction  of 
a  coil  brought  near  the  body  of  the  President,  and  that  the  locality 
of  the  bullet  might  thus  be  determined  without  danger  to  the 
patient  and  without  pain  ;  for  it  is  well  known  that  induction  can  be 
powerfully  exerted  through  the  human  body  without  producing 
any  sensation  whatever. 

Upon  the  balancing  of  Induction, 

The  influence  that  is  exercised  upon  induction  by  metallic  masses 
has  formed  the  subject  of  numerous  experiments  by  different 
investigators  ;  and  the  principle  of  balancing  the  effects  of  induction 
on  one  portion  of  a  circuit  by  equal  and  opposite  effects  produced 
upon  another  portion  has  been  utilized  in  nearly  all  such  investi- 
gations. 

The  earliest  form  of  induction  balance  for  this  purpose  appears 
to  have  been  devised  in  Germany  by  Prof.  Dove,^  about  the  year 

*  a  preliminary  notice  relating  to  this  paper  was  pnblistied  in  tlie  Cowipte*  lierulut 
of  tlie  French  Academy  of  Sciences,  Oct.  ^,  188L 

*  See  Ai>pendix,  note  1. 

'  Fogg.  Ann.  Tpi.  liv,  pp.  SOft'^SS. 


152  ELECTRICAL   EXPERIMENTS  ; 

1841,  and  a  good  description  of  it  in  the  English  language  may  be 
found  in  De  La  Rive's  "  Treatise  on  Electricity/'  (1853  edition, 
vol.  I,  pp.  418-433)4. 

Another  and  superior  arrangement  for  the  same  purpose  is  the 
well-known  induction  balance  of  Prof.  D.  E.  Hughes  ^. 

The  Static  Induction  Balance  of  J.  E.  H.  Gordon  ^  though  pri- 
marily intended  for  experiments  upon  specific  inductive  capacity, 
might  also,  perhaps,  be  employed  in  the  same  class  of  investigations. 

My  own  attention  was  directed  to  the  balancing  of  induction  a 
number  of  years  ago  by  the  disturbing  noises  produced  in  the 
telephone  by  the  operation  of  telegraphic  instruments  upon  lines 
running  near  the  telephone  conductor. 

The  difficulty  was  remedied  by  using  two  conductors  instead  of 
one,  and  by  so  arranging  them  with  reference  to  the  disturbing 
wires  that  the  currents  induced  in  one  of  the  telephone  conductors 
were  exactly  equal  and  opposite  to  those  induced  in  the  other.  In 
this  way  an  induction  balance  was  produced  and  a  quiet  circuit 
secured  for  telephonic  purposes.  This  method  was  patented  in 
England  in  November,  1877,  and  during  the  whole  winter  of  1877-^ 
I  was  engaged  in  London  upon  experiments  relating  to  the  subject. 

In  the  course  of  these  researches  I  made  frequent  use  of  flat 
spirals  of  insulated  wire,  like  those  employed  by  the  late  Professor 
Henry  ^  in  his  experiments  upon  induction. 

My  method  was  to  pass  a  rapidly  interrupted  voltaic  current 
through  one  flat  spiral  while  I  examined  its  field  of  induction  by 
means  of  another  flat  spiral  connected  with  a  telephone.  The 
currents  induced  in  the  latter  coil  produced  a  musical  tone  from  the 
telephone. 

At  every  point  in  the  field  of  induction  it  was  found  that  by 
turning  the  plane  of  the  exploring  coil  a  position  of  silence  could 
be  obtained,  and  another  of  maximum  sound,  the  two  positions 
making  a  right  angle  with  one  another. 

It  was  also  noticed  that  wlien  a  position  of  silence  was  established 
a  piece  of  metal  brought  within  the  field  of  induction  caused  the 

♦  A  similar  apparatns  was  Indepenrlcntly  jlevi^ied  in  America  a  number  of  years  ngo 
by  Professor  Rowland,  of  Johns  Hopkins  University.  It  is  to  be  regretted  that  his 
discovery  of  the  fact  that  he  had  been  anticipated  by  Dove  prevented  Professor  Rowland 
from  completing  and  publif^hing  his  researches. 

«Phil.  Mag.,  July.  1S79,  vol.  ii,  p.  50. 

•Phil.  Trans,  for  1870.  p.  417. 

'  SilUman's  Journal,  xxviii,  320;  xxxviii,  209;  xli,  117. 
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telephone  to  sound.  This  effect  was  most  marked  when  the  two  flat 
spirals  were  in  close  proximity,  and  were  arranged  with  their  planes 
parallel,  as  shown  in  fig.  1. 

When  a  silver  coin,  auch  as  a  half-crown  or  florin,  was  passed 
across  the  face  of  the  two  coils,  the  silence  of  the  telephone  was 
broken  three  times.    The  instrument  emitted  a  musical  tone  when 


the  metallic  disk  passed  the  points  marked  1,  2,  and  3  in  the  illus- 
tration, but  the  loudest  effect  was  produced  when  the  coin  crossed 
the  area  marked  "  2,"  where  the  two  coils  overlappped. 

After  my  return  to  America  I  embodied  these  and  other  results 
in  a  paper  "  Upon  New  Methods  of  Exploring  the  Field  of  Induction 
of  Flat  Spirals"  which  was  read  before  this  association  at  the 
Saratoga  meeting  in  August,  1879. 

Practical  Application. 

While  brooding  over  the  problem  of  the  detection  of  the  bullet 
in  the  body  of  President  Garfield,  these  experiments.made  in  Eng- 
land returned  vividly  to  my  mind.  It  seemed  to  me  that  if  the 
overlapping  area  ^'  2  '*  of  the  two  coils  shown  in  fig.  1  could  be 
brought  over  the  seat  of  the  bullet  without  disturbing  the  relative 
positions  of  the  coils,  the  telephone  would  probably  announce  the 
presence  of  the  bullet  by  an  audible  sound. 

A  crude  experiment  was  at  once  made  to  test  the  idea.  A 
large,  single-pole  electro-magnet  (the  core  of  which  was  composed 
of  a  bundle  of  fine  iron  wires)  was  used  in  place  of  coil  A  (fig. 
1 ;)  and  a  small  coil  of  fine  wire  takeh  from  a  hand  telephone  was 
arranged  a  little  to  one  side  of  the  pole  to  represent  coil  B.  The 
small  coil  being  connected  with  a  telephone,  a  battery  current  was 
passed  through  the  coil  of  the  electro-magnet,  and  the  battery  cir- 
cuit was  made  and  broken  by  an  assistant. 

Under  these  circumstances  a  much  better  balance  was  obtained 
than  could  possibly  have  been  anticipated.     Upon  now  bringing  a 
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leaden  bullet  near  the  small  coil,  a  distinct  tickiDg  sound  conld  be 
heard  ftom  the  telephone  each  time  the  battery  circuit  was  made 
and  broken. 

Being  absent  from  my  laboratory,  and  without  facilities  for 
proper  experiment,  1  communicated  my  ideas  to  Mr.  Charles  Wil- 
liams, jr.,  of  Boston,  manufacturer  of  electrical  and  telephonic 
apparatus,  who  kindly  placed  the  resources  of  his  large  establish- 
ment at  my  service  ;  and,  at  great  personal  inconvenience,  <lele- 
gat«d  liis  best  workmen  to  attend  to  my  experiments. 

Upon  attempting  to  devise  an  appropriate  form  of  apparatus  for 
the  special  purpose  in  view,  I  saw  that  there  were  great  practical 
difflculties  in  the  way  of  utilizing  the  arrangement  shown  in  fig. 
1,  and  it  occurred  to  me  that  the  apparatus  of  Professor  Hughes 


might  perhaps  be  employed  with  more  advantage  as  the  basis  of 
my  experiments.  In  the  ordinary  form  of  Hughes'  induction  bal- 
ance four  coils  arc  used,  as  shown  in  fig.  2.  Tluough  the  agency 
of  a  Hughes  microphone  the  ticking  of  a  clock  is  made  to  ci-eate 
an  electrical  disturbance  in  the  voltaic  cii'cuit  containing  the  two 
primary  coils  (A  C)  and  a  corresponding  disturbance  is  produced 
by  induction  in  the  two  secondary  coils  (B  D)  connected  with  the 
telephone.  If  the  connections  are  so  arranged  that  the  ciiri-ents 
induced  in  the  telephone  circuit  by  the  coils  A  C  are  in  the  same 
direction,  the  ticking  of  the  clock  is  hcanj  very  plainly,  bntif  they 
are  in  opposite  directions  no  sound  is  perceived. 

In  the  latter  case  the  action  of  one  primary  coil  (A)  opposes 
that  of  the  other  (C),  and  an  electrical  balance  results.  If  now  a 
piece  of  metal  is  brought  near  one  pair  of  coils  (sny  A  B)  the  bal- 
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ance  is  disturbed  and  the  ticking  of  the  clock  is  audible  at  the 
telephone.  The  arrajigement  of  the  coils  (A,  B,  C,  D)  was  .the 
point  to  be  studied,  the  microphone  attachment  being  of  no  impor- 
tance in  the  combination ;  for  it  is  well  known  that  a  rheotome 
to  break  the  primary  circuit  completely  iat  intervals  can  be  substi- 
tuted for  the  microphone  with  advantage. 

It  seemed  to  me  that  two  of  the  coils  (A  B)  in  the  Hughes  in- 
duction balance  might  be  attached  rigidly  to  a  wooden  handle,  so 
as  to  be  moved  over  the  seat  of  the  bullet  without  changing  their 
relative  positions,  and  that  all  the  adjustments  necessary  might  be 
made  on  the  other  pair  of  coils,  which  need  not  be  moved  from 
their  place,  and  would  not  therefore  be  liable  to  disarrangement. 
If  a  single  pair  of  coils  were  to  be  used  as  in  fig.  1,  they  must  be 
adjustable  one  upon  the  other.  But  if  during  the  course  of  explo- 
ration the  coil  B  (fig.  1)  should  be  moved  from  its  proper  po- 
sition even  to  the  extent  only  of  a  small  fraction  of  a  millimetre, 
the  balance  would  be  disturbed  and  the  exploration  might  have  to 
be  stopped  in  order  to  adjust  the  apparatus.  These  consider- 
ations led  me  to  the  conclusion  that  some  modification  of  the 
Hughes  induction  balance  was  most  suitable  for  my  purpose,  and 
I  immediately  commenced  the  construction  of  such  an  apparatus. 

Suggestions  Tested. 

Jost  at  this  time  I  learned  from  the  newspapers  that  Prof.  Si- 
mon Newcomb,  of  Washington,  had  the  idea  of  using  a  magnetic 
needle  to  indicate  by  retardation  of  its  rotation  the  proximity  of 
the  bullet  in  the  body  of  the  President,  and  I  telegraphed  to  Pro- 
fessor Newcomb  the  offer  of  my  assistance  in  carrying  on  experi- 
ments, knowing  the  comparative  difficulty  he  would  experience  in 
having  apparatus  made  in  Washington. 

At  his  suggestion  I  tested  the  point  whether  the  rotation  of  a 
leaden  disk  and  of  a  leaden  bullet  underneath  a  delicately  sus- 
pended magnetic  needle  would  cause  a  deflection  of  the  needle. 

The  disk  occasioned  a  deflection,  but  the  bullet  produced  no 
sensible  eflect.  I  telegraphed  the  result  to  Professor  Newcomb, 
and  at  the  same  time  took  occasion  to  inform  him  of  the  hopeful 
results  I  had  obtained  with  the  crudely  constructed  induction  bal- 
ance referred  to  above. 

I  was  much  gratified  by  his  immediate  appreciation  of  the  ex- 
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periment.  He  telegraphed  that  he  thought  an  indaction  balance 
promised  a  much  more  hopeful  solution  of  the  problem  than  his 
own  method,  and  encouraged  me  in  every  way  to  continue  my  ex- 
periments. 

This  appreciation  determined  me  to  proceed  to  my  laboratory 
at  Washington,  where  I  was  accompanied  by  Mr.  Sumner  Tainter, 
who  was  anxious  to  assist  in  such  a  cause.  I  learned  from  Pro- 
fessor Newcomb  that  Mr.  Geo.  M.  Hopkins,  of  Brooklyn,  had  in- 
dependently suggested  the  use  of  Hughes'  induction  balance,  and 
had  made  experiments  in  Brooklyn,  the  results  of  which  were  pub- 
lished in  the  New  York  Tribune  on  the  11th  of  July,  1881.®  Mr. 
J.  Stanley  Brown  (private  secretary  of  President  Garfield)  kindly 
handed  to  me  the  letters  he  had  received  from  Mr.  Hopkins,^  and 
also  a  Hughes  induction  balance  like  that  shown  in  fig.  2,  which 
Mr.  Hopkins  had  forwarded  to  the  Executive  Mansion  for  trial. 

This  apparatus  was  at  once  tested  in  my  laboratory,  with  results 
slightly  better  than  those  I  had  obtained  in  Boston. 

My  Boston  apparatus  did  not  give  a  greater  hearing  distance 
than  3  cm.,  whereas  with  the  Hopkins  apparatus  I  could  distin- 
guish effects  at  a  distance  of  8.75  cm. 

Two  of  Mr.  Hopkins'  coils  (A  B,  fig.  2)  were  then  fastened 
upon  a  wooden  handle  to  form  an  exploring  instrument,  and  the 
whole  apparatus  was  arranged  for  immediate  use  in  case  of  any 
necessity  arising  for  an  experiment  upon  the  President.  I  set  m}'- 
self  in  communication  with  Mr.  Hopkins,  and  requested  his  assist- 
ance and  cooperation,  and  in  reply  received  through  Private 
Secretary  Brown  the  following  account  of  further  experiments : 

"60  Irvino  Place,  Brooklyn,  July  16,  1881. 

Mr.  J.  Stanley  Brown  : 

Dear  Sir  :  I  have  made  two  new  instruments  on  plans  differing 
from  that  sent,  but  they  yield  no  better  results.  The  first  con- 
sisted of  two  oblong  coils  arranged  at  right  angles  to  each  other, 

thus: 

r.«T. 


■  See  Appendix,  Dote  2.  ^See  Appendix,  notes  3  and  4. 
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c  The  outer  coil  being  of  coai'se  wire  (No.  18)  placed  in  the  pri- 

mary circuit,  the  inner  coil  being  of  very  fine  wire  (No.  36)  and 
connected  with  a  telephone.  The  parallel  currents  traversing  the 
wires  neutralized  each  other,  and  no  audible  effects  are  perceived 
in  the  telephone,  but  on  presenting  a  metallic  body  to  the  instru- 
ment u|x>n  a  line  bisecting  the  angle  between  the  coils  the  clicking 
in  the  telephone  is  beard. 

This  instrument  possesses  only  one  advantage  over  that  sent, 
and  that  is  that  it  requires  no  adjustment. 

The  other  instrument  consists  of  two  large  coils  of  very  fine 
wti^  (No.  36)  placed  upon  opposite  sides  of  a  coil  of  coarse  wire 
(No.  1 6),  the  fine  coil  being  connected  so  that  the  induced  currents 
neutralize  each  other,  thus : 


I  am  sorry  to  be  obliged  to  say  of  this  as  of  the  other,  that  it 
is  DO  more  sensitive  than  the  one  sent.     To  produce  the  best  effects 
from  the  instrument  which  you  have  it  will  be  necessary  to  use  all 
the  battery  power  possible  without  burning  the  coils,  and  two  re- 
ceiving telephones  of  the  best  construction  must  be  used. 

As  I  stated  in  the  first  instance,  if  the  ball  is  more  than  two 
inches  deep,  I  think  it  cannot  be  located  by  this  means. 

If  larger  coils  were  used  the  instrument  might  be  operative  at 
a  greater  distance,  but  the  area  indicated  as  containing  the  ball 
would  be  so  large  that  the  result  would  be  indefinite  and  without 
value. 

Hoping  that  Prof.  Bell  will  be  able  to  succeed,  I  remain, 

Yours  very  truly, 

Geo.  M.  Hopkins." 

Prof,  Hughes  of  London,  England,  Prof.  Trowbridge  of  Hai-vard 
College,  Prof.  Rowland  of  Johns  Hopkins  University,  and  other 
authorities  were  consulted  by  telegraph  as  to  the  l)est  theoretical 
form  of  induction  balance  for  the  purpose  required,  while  empiri- 
cal experiment8  were  being  carried  on  under  my  direction  in  my 
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JbpHtnary  caUU 


laboratory  at  Washington  by  Mr.  Sumner  Tainter ;  in  the  electri- 
cal workshop  of  Davis  and  Watts,  in  Baltimore,  by  Mr.  J.  H.  C. 
Watts,  and  in  the  establishment  of  Mr.  Chas.  Williams,  jr.,  in 
Boston,  by  Mr.  Thomas  A.  Gleason.  To  test  the  influence  of  size 
of  coil  an  instrument  was  constructed  in  which  the  coils  were  no 
larger  than  the  bullet  for  which  we  sought  (as  had  been  suggested 
by  Prof.  Newcomb),^®  and  experiments  were  also  made  with  the 
enormous  coils  used  by  the  late  Prof.  Henry  in  his  researches  upon 
induction,  which  were  kindly  lent  to  me  for  the  purpose  by  the 
Smithsonian  Institution,  but  neither  the  small  nor  the  large  coils 

produced  more  satisfac- 
tory results  than  those  we 
had  already  obtained. 

To  test  battery  power, 
twenty  enormous  Bunsen 
elements,  which  had  for- 
merly been  used  to  light 
the  gas  at  the  Capitol, 
were  placed  at  my  disposal 
by  Mr.  Rogers,  electrician 
of  the  Capitol,  but  while 
great  electro-motive  force 
was  evidently  of  use  we 
derived  no  advantage  from 
such  a  battery  as  this. 

To  test  the  influence  of 
speed  of  interruption, 
Mr.  Marean,  Supt.  of  the 
Western  Union  Telegi-apb 
Co.  in  Washington,  kindly  lent  us  an  electric  motor,  by  means  of 
which  we  were  able,  with  the  aid  of  a  rotating  commutator,  to  ob- 
tain interruptions  of  the  primary  circuit  of  all  rates  up  to  600 
interruptions  per  8econd,ii  and  we  found  that  the  more  rapid  the 
rate  of  interruption  the  more  distinct  was  the  sound  in  the  tele- 
phone. The  hearing  distance,  however,  was  not  proportionately 
increased.     The  automatic  interrupter  (shown  in  fig.  6),  yielding 


>*  See  Appendix,  note  5. 

11  Mr.  Snmner  Tainter  has  afnce  made  an  apparatus  operating  in  a  stmllar  manner 
by  means  of  which  he  has  obtained  as  many  as  4,000  interruptions  of  the  circuit  per 
seoond. 
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about  100  intemiptiona  per  second,  gave  as  good  results  as  any, 
and  was  much  more  couveiiient.  This  interrupter  waa  therefore 
afterwATds  used  exclusively  in  our  experiments. 

Tbe  theoretical  form  of  coil  suggested  by  Prof.  John  Troir- 
liridge'*  wBB  substantially  tbe  same  aa  that  proposed  by  Frof.  Row- 
tand.i^  and  is  shown  in  flg.  6. 

The  arrangement  was  quite  sensitive  to  metal  placed  in  the  in- 
terior of  the  coil,  but  the  hearing  distance  for  a  bullet  external  to 
llie  coils  was  no  greater  than  before.'* 

Professor  Hughes"  proposed  to  have  two  fiat  superposed  coils 
wound  on  a  single  reel,  so  that  the  two  coils  should  form  a  single 


one  as  regards  thetr  relative  distance ;  and  Mr.  F.  T.  Bickford, 
Wasbington  correspondent  of  the  New  York  Tribune,  suggested 
winding  tvro  wires  side  by  side  into  a  single  coil,  so  that  the  rela^ 
live  distances  of  the  wires  from  the  bullet  should  be  absolutely  the 
Mime.  Mr.  Chas.  E.  Buell'^  and  Dr.  Chichester  A.  Bell'^  proposed 
to  determine  the  depth  of  the  bullet  beneath  the  surface  by  causing 
a  similar  bullet  to  approach  the  balancing  coils  until  silence  was 
restored  ;  the  secondary  bullet  it  was  presumed  would  then  be  at 
the  same  distance  from  the  balancing  coils  as  tbe  embedded  bullet 
fix>m  tbe  exploring  coils. 

<*  S««  AK>radlx,  Dotct.  u  Sea  AppcDdlx.  note  7. 

"TlMbaUnesobtaUie'l  WRinol  qnlte  {Mrfect.  and  we  have  elnc«  dlscavercd  that  Lha 
iDiutition  o(  tba  wirei  of  oaa  ol  Uie  Mcoodary  coIJb  was  dereclive. 

"Sco  Appendix,  noleS.        i Ss«  Aiipendli.  aoUit,         " See  A|ipeiidii, note  10. 
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Tbe  results  of  all  tlie  experiments  ao  far  made  were  iinsatiBractory. 
I  bad  trieil  everything  tbat  hsu\  been  suggestcil,  but  4  cm.  remained 
the  extreme  limit  of  audibility  for  a  bullet  like  that  wliicb  had  struck 
the  President.  Even  when  aucb  a  bullet  was  flattened  by  being 
fired  against  a  board,  and  was  presented  witli  its  flat  side  towards 
the  coils  of  the  explorer  —  the  most  favorable  mode  of  presentation 
—  no  better  result  was  obtained. 


Original  Experiments. 

In  the  theoretical  arrangement  recommended   by  Professors 
Trowbridge   and    Rowland    (fig.    6)    the   primary  coil  A  was  of 
smaller  diameter  than  the  secondary  B.    Tliis  had  given  ns  no 
^^  better  effects  than  the  or- 

dinary   form  of  Hughes' 
balance    (see   fig.    2),  in 
which  the  two  coils  A  B 
were  of   equal    diameter. 
We  then  tried  the  effect  of 
making  the  primary  coil  A 
of  greater  diameter  than 
the  secondary  B  (see  fig. 
7)  and  in  this  case  we  ap- 
peared  to  obtain    an    in- 
crease of  hearing  distance. 
Fiveeen.timetre8  (2  inches) 
was,  however,  tbe  utmost  limit  re.iched,  when,  on  the  19th  of  July, 
Mr.  J.  Stanley  Brown  and  Dr.  Woodward  visited  my  laboratory 
and  witnes-ted  some  experiments.     No  difficulty  was  experienced 
in  detecting  a  bullet  helil  in  the  mouth  by  passing  the  exploring 
coil  over  tbe  cheek ;  and  the  presence  of  a  flattened  bullet  held  in 
the  clenched  hand  was  also  readily  determined.     Dr.  Bliss,  Dr. 
Reyburn,   and   Surgeon-Geneial    Barnes  visited    tbe    lalioratory 
next  day  and  expressed  themselves  as  very  hopefully  impressed 
by  the  experiments.     These  were  subsequently  repeated  in  the 
surgeon's  room  at  the  Executive  Mansion  for  the  information  of 
Dr.  Frank  Hamilton  and  Dr.  Agnew,  who  also  seemed  favorably 
impressed. 


.   GRAHAM   BELL. 
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Such  opinions  from  the  surgeons  in  attendance  upon  the  Presi- 
dent, and  the  continued  interest  shown  by  Professor  Newcomb, 
encouraged  me  to  proceed  with  the  experiments.  ^^ 

It  was  now  determined  to  test  the  effect  of  each  convolution  of 
the  primary  coil,  so  as  to  arrive  empirically  at  some  idea  of  the 
(best  shape  of  coil.  For  this  purpose  Mr.  Tainter  constructed  the 
instruments  shown  in  fig.  8.  Circular  grooves  were  turned  in  two 
boai'ds,  one  of  which  is  shown  in  perspective  at  A  and  the  other 
in  section  at  D.  An  insulated  copper  wire  could  be  pressed  into 
any  of  these  grooves  so  as  to  give  the  wire  an  exactly  circular 
shape  of  known  diameter,  and  the  two  ends  were  passed  through 
an  orifice  in  the  back  of  the  board,  making  connection  with  a  sim- 
ilar ring  of  wire  in  tlie  other  instrument  as  shown.  A  small 
secondary  coil  (B)  of  fine  wire,  which  could  be  moved  with  moder- 
ate friction  upon  the  horizontal  rod,  was  connected  to  another 
similar  coil  (E)  and  to  a  telephone ;  and  a  small  brass  ring  (C), 
which  could  also  be  moved  along  the  horizontal  rod,  was  used 
instead  of  a  bullet  to  disturb  the  balance. 

In  making  an  experiment  with  this  apparatus  the  secondary 
coil  (B)  was  first  placed  within  the  primary  ring  and  in  the  same 
plane  with  it,  and  the  balancing  coil  E  was  adjusted  to  produce 
silence.  The  brass  ring  C  was  then  moved  along  the  horizontal 
rod  until  the  balance  was  sensibly  disturbed  and  the  relative  dis- 
tance of  the  coils  and  the  brass  ring  were  noted. 

Continuing  the  experiment,  the  coil  B  was  moved  a  determined 
distance  beyond  the  plane  of  A,  and  the  balancing  coils  again  ad- 
justed to  silence.  The  brass  ring  C  was  once  more  caused  to  dis- 
turb the  balance,  and  the  new  hearing  distance  was  noted.  The 
following  are  the  tabulated  results  of  a  series  of  experiments  made 
on  the  19th  of  July,  1881.  The  battery  employed  consisted  of  six 
bichromate  cells  connected  in  series. 

»•  I  desire  especially  to  express  my  grstitade  to  Dr.  Prank  Hamilton  for  words  of 
encouragement  spoken  at  a  later  date  when  symparhj  and  encoui'anfement  were  greatly 
needed. 


BT  ▲.  QBAHAM  BELL. 
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These  figures  show  that  the  distance  from  the  primary  coil  A 
(fig.  8),  at  which  the  influence  of  the  brass  ring  C  became  perceptible^ 
increased  with  the  diameter  of  the  primary  ring^  and  that  the  second- 
ary coil  B  required  to  be  projected  considerably  beyond  the  plane  of 
the  primxiry  in  order  to  obtain  the  maximum  effect. 

The  coDclusion  seemed  a  natural  one  that  the  degree  of  projec- 
tion A  B  of  the  secondary  coil  should  proportionally  increase  with 
the  diameter  of  the  primary  ring,  but  the  tabulated  figures  did  not 
folly  justify  the  inference. 

The  experiments  had  necessarily  occupied  a  considerable  time, 
and  I  thought  that  the  difference  between  the  results  that  should 
have  been  observed,  according  to  the  above  hypothesis,  and  those 
that  were  actually  obtained,  might  have  been  due  to  the  gradual 
exhaustion  of  the  bichromate  battery  employed  and  to  its  polari- 
zatioiiy  although  every  care  had  been  taken  to  preserve  its  power 
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by  removing  the  carbon  and  zinc  plates  fVom  the  solution,  except- 
ing wLen  an  observation  was  maile.  To  test  whether  the  battery 
exci'tc<l  any  material  inQueuue  upon  the  hearing  distance,  a  further 
scries  of  expeiiments  was  made  with  the  same  battery. 

It  will  be  seen  by  reference  to  the  tabulated  statement  shown 
above  that  the  maximum  hearing  distance  B  C  had  been  obtained 
with  a  pnmarj'  ring  11.3  cm.  in  diameter  when  the  distance  A  B 
between  the  primary  ami  secondary  coils  was  one  centimeli-e. 
This  arrangement  of  the  apparatus  was  therefore  adopted  through- 
out the  following  experiments : 

Hearinft  diaunoc. 
1.  Ap|>kntus  tried  wllb  1  cell  (bicliromate  bauarf)   .    . 


i-ellilnmiilllploarc 

cell*  InlwoBericaoCScacb   .    .   .    . 

loeiiwrltoenerepeiiieit 

lo  oiperimenl  rejieBlcil  bj-  Mr.  Tiiinii 


C.ng. 
B  C.  llg. 


C,  flg. 


These  experiments  proved  tliat  battery  )x>wer  did  exert  an  in- 
fluence upon  hearing  distance,  and  also  that  the  battery  Id  use  was 
gradually  deteriorating. 

I  concluded,  therefore,  that  if  the  battery  power  bad  remaioed 


constant,  the  hearing  distance  might  not  only  have  been  propor- 
tional to  the  diameter  of  the  primary  ring,  but,  in  order  to  attain 
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the  maximum  efTcct,  ihe  projection  of  the  secondary  coil  beyond 


the  plane  of  the  primary  miglit  also  have  been  foiiiKl  to  increase 
in  like  proportion. 

This  led  me  to  try  the  effect  of  a  conical  primary  coil  A  with 
tbe  secondary  B  at  itn  apex,  as 
abown  in  fig.  9,  Init  the  hearing  -f^s. 

distance   for   a   bullet  was   only 
3.5  cm. 

Singularly  enough  Mr.  J.  \\. 
C.  Watts,  in  Baltimore,  had  in- 
dependently aiTived  at  a  very 
similar  form  of  coil,  and  with  the 
instrument  shown  in  d^.  10  he  had 
obtained  at  one  time  n  hearing  dis- 
tance of  7, .5  cm.  (or  3  inches'*), 
but  from  some  cnime  not  ascer- 
tained lie  was  unable  subsequently 
to  reproduce  tlie  effect. 

The  final  form  of  apparatus  a- 
dopted  as  the  result  of  tlie  above 

experiments  is  shown  in  flp.  11.  With  this  arnuigement  and  a 
batlerj'  of  six  bichromate  elements  freshly  set  up,  we  were  always 
sure  of  a  hearing  distance  of  at  least  .5  cm.,  lUthough  after  the 

»Si!e  A|i]Midilii,iK>lc  11. 
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battery  had  been  in  use  for  some  time  the  hearing  distance  hardly 
exceeded  4  cm. 

The  following  are  the  dimensions  of  the  coils  A  B  (fig.  11) 
and  their  resistance : 

Coil  A External  diameter 7    cm. 

Internal  diameter       4.5  cm. 

Depth 2.4  cm. 

Wire  used,  No.  28  (cotton  covered).    Resistance,  2  ohms. 

Coil  B External  diameter 2.3  cm. 

Internal  diameter 8     mm. 

Depth 8     mm. 

Wire  used,  No.  86  (silk  covered).     Resistance,  75  ohms. 

The  face  of  the  coil  B  projected  beyond  the  face  of  coil  A  4 
mm. 

The  balancing  coils  were  made  as  nearly  as  possible  the  dupli- 
cates of  A  and  B.  The  resistance  of  the  coil  of  the  telephone 
employed  was  75  ohms. 

■  Influence  of  Battery  Power. 

The  following  experiments  were  made  with  this  apparatus  (fig. 
11)  on  July  20,  1881,  to  test  the  influence  of  battery  arrangements 
upon  the  hearing  distance  of  a  leaden  bullet. 

I.  Series  of  experiments  with  a  bichromate  battery  which  had  previously  been 

in  use  for  afeto  minutes. 


1  cell 

2  cells  in  series 

8  cells  in  series 

4  cells  in  series 

5  cells  in  series 

6  cells  in  series 

6  cells  in  multiple  are 

6  cells  in  two  series  of  3  each  — 

6  cells  in  three  series  of  two  each     — 


o  o 
o  o 
o  o 

coo 

GOO 


Hearhig  distance  of 

leaden  buUet  as 

observed  by— 


S.  Taioter. 


cm. 
2.6 

3.5 

4.1 

4.0 

4.1 

2.9 
3.7 

4.0 
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n.  Series  of  experiments  wUh  a  Leclanche  battery  of  twenty  cells  which  had 
been  set  up  for  about  one  month.  It  had  been  kept  normally  upon  open 
circuit,  and  had  only  been  occasionally  used. 

Hearing  distance. 

20  cells  in  series 8.3  cm. 

20  cells  in  10  series  of  2  each  ...         8.6  cm. 
20  cells  in  5  series  of  4  each    .  4.1  cm. 

20  cells  in  2  series  of  10  each  ...         8.0  cm. 

Although  the  battery  appeared  to  be  in  good  condition,  a  close 
inspection  showed  that  the  connections  were  dirty,  and  that  one  of 
the  zinc  wires  was  half  broken  thi*ough. 

The  defective  cell  was  now  removed  from  the  cii'cuit,  and  the 
connections  of  all  the  other  cells  cleaned  and  tightened. 

m.  ThefoUoteing  experiments  were  then  made  with  the  LeelanchS  cells  united 

in  series : 


No.  of  cells. 

Hearing 
distance. 

cm. 

1 

2.7 

2 

2.8 

3 

8.0 

4 

8.8 

5 

8.8 

6 

8.5 

7 

8.6 

8 

8.8 

9 

4.0 

10 

8.8«>. 

Ko.  of  cells. 

Hearing 
distance. 

cm. 

11 

8.8" 

12 

4.2 

18 

4.2 

14 

4.2 

15 

4.3 

16 

4.2 

17 

4.2 

18 

4.2 

19 

4.2 

These  results  are  graphically  represented  in  fig.  12. 

It  will  be  observed  that  the  hearing  distance  was  carried  nearly 
two-thirds  as  far  again  as  at  first,  simply  by  increasing  the  numbers 
of  cells  employed  without  any  other  change  in  the  arrangement. 
It  will  also  be  noticed  that  the  apparatus  requires  to  be  adjusted 
to  complete  silence  in  order  to  obtain  the  maximum  effect. 

As  a  general  result  of  all  our  experiments  with  voltaic  batteries, 
we  find  that  it  is  advisable  to  use  a  battery  possessing  great  electro- 
motive force  and  sligJU  internal  resistance y  and  to  connect  the  cells  in 
series^ 

»  Balance  not  quite  perilBct. 
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Experiments  upon  Living  Subjects. 

On  the  22cl  of  July  an  experiment  was  made  at  the  request  of 
Dr.  Bliss  upon  the  person  of  Lieut.  Simpson,  who  had  carried  a 
bullet  in  bis  body  for  many  years. 

When  the  exploring  instrument  (fig.  11)  was  passed  over  the 
lieutenant's  back  a  sonorous  spot  was  found,  but  the  indications 
were  too  feeble  to  be  implicitly  relied  upon.  Imagination  very 
easily  conjures  up  a  feeble  sound  like  that  observed,  but  a  number 
of  experiments  by  different  observers  seemed  to  indicate  that  in 
this  case  there  was  an  external  cause  for  the  sound  —  probably  the 
presence  of  a  very  deeply-seated  bullet.  The  results  of  this  ex- 
l)eriment  were  communicated  to  Dr.  Bliss  in  a  letter  dated  July  28, 
1881. «» 

On  the  25th  of  July  Professor  Rowland  visited  me  at  Washington, 
and  suggested  the  use  of  a  condenser  in  the  primary  circuit.  I 
had  previously  discussed  this  idea  with  Mr.  Taiuter,  but,  not  hav- 
ing a  condenser  at  hand,  we  had  been  unable  to  make  any  experi- 
ment. After  our  conversation  with  Professor  Rowland,  however, 
we  were  so  impressed  by  the  importance  of  the  point  that  we 
obtained  a  condenser  next  morning,  and  found  it  to  produce  not 
only  a  different  quality  of  sound  when  the  bullet  a[)proached  the 
coils,  but  i^o  to  increase  the  hearing  distance  of  the  instrument 
shown  in  fig.  11  at  least  one  centimetre. 

On  the  evening  of  the  same  day  (July  26)  our  apparatus  was 
carried  to  the  Executive  Mansion,  and  an  experiment  tried  upon 
the  person  of  the  President.  ^ 

From  some  cause  then  unknown  a  balance  could  not  be  obtained, 
and  the  results  were  therefore  uncertain  and  indefinite.  It  was 
discovered  afterwards  that  a  mistake  had  been  made  in  the  mode 
of  connecting  the  condenser.  The  latter  should  have  been  con- 
nected at  E  F  (fig.  13),  whereas  it  was  placed  at  E  G,  thus 
influencing  only  one,  instead  of  both,  of  the  primary  coils. 

With  the  condenser  properly  arranged,  experiments  were  tried 
on  July  29  and  30  on  three  soldiers  from  the  Soldiers  Home  who 
had  been  wounded  during  the  civil  war,  namely,  John  Teahan,  Asa 
Head,  and  John  McGill.  In  the  case  of  John  Teahan  no  results 
were  obtained.  In  the  case  of  Asa  Head,  who  had  a  buckshot  in 
the  cheek,  loud  and  well-marked  sounds  were  heard  in  the  tele- 

«  See  Appendix,  note  12.  » Sec  Appendix,  note  13. 
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phone ;  and  in  the  case  of  John  McGill,  who  was  supposed  to  carry 
a  huUet  in  his  back,  no  results  were  obtained. 

Farther  efforts  were  then  prosecuted  for  the  improvement  of  the 
apparatus. 

Ihirther  EoeperimenJtB  to  Improve  Apparatus, 

Onr  attention  had  hitherto  been  directed  chiefly  to  modifications 
of  the  exploring  instrument.  We  now  investigated  the  effect 
upon  the  hearing  distance,  of  the  coils  used  to  obtain  a  balance. 

The  following  experiments,  made  July,  1881,  bear  upon  the 
point: 


c'^-»:;^..<V^V^/^-'--Vcv^yVj^^*>^- r%:; 


Exp.  1.  (See  fig.  14.)  Resistance  of  primary  A  of  exploring 
instrument,  2  ohms ;  resistance  of  primary  C  of  balancing  coils, 
also  2  ohms ;  resistance  of  exploring  secondaiy  B,  140  ohms ;  and 
of  balancing  secondary  D,  120  ohms. 

Result :  Hearing  distance  of  bullet  from  explorer  A  B,  3.5  cm. 
Hearing  distance  from  balancing  coils  C  D,  also  8.5  cm. 

Exp.  2.  (See  fig.  15.)  Same  exploring  coils  as  in  Exp.  1,  but 
balancing  coils  consisted  of  a  flat  primary,  E  —  resistance,  5.30 
ohms ;  and  fiat  secondary,  F  —  resistance,  83  ohms.  The  ad- 
justment was  made  by  sliding  the  secondary  coil  upon  the  pri- 
mary until  a  position  of  silence  was  obtained. 
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mental  coald  no  longer  be  distinguished,  but  the  high  tone  per- 
sisted, and  was  clearly  audible  up  to  a  distance  of  13  cm.  The 
effect  was  very  striking,  and  when  the  bullet  was  moved  to  and  fro 
parallel  to  the  plane  of  the  coils  E  F  at  a  distance  of  about  10 
cm.,  the  telephone  emitted  a  shrill  whistling  sound  each  time  the 
sensitive  area  (H)  was  passed. 

It  was  noticed  that  other  metals,  such  as  itx)n,  brass,  and  cop- 
per, did  not  seem  to  reinforce  this  high  tone  to  any  great  extent, 
but  brought  out  the  fundamental  at  every  distance  where  an  effect 
was  produced. 

Exp.  7.  The  condenser  G  (fig.  17)  was  removed  from  the 
circuit  and  the  leaden  bullet  held  about  4  or  5  cm.  from  the  coils 
E  F.  The  fundamental  tone  was  heard,  and  the  characteristic 
upper-partial  could  also  be  distinguished,-  but  it  was  only  faintly 
audible.  Upon  now  suddenly  replacing  the  condenser,  the  high 
upper-partial  tone  was  instantly  reinforced  as  if  by  a  resonator. 

Exp.  8.  The  rheotome  employed  to  interrupt  the  primaiy  cir- 
cuit (which  had  been  placed  in  a  distant  room)  was  found  to  be 
vibrating  badly.  The  reed  I  of  the  instrument  (see  also  fig.  5) 
was  rattling  against  its  contact  pieces,  thus  producing  an  impure 
sound,  and  I  could  distinguish  amongst  the  upper-partials  the  tone 
that  had  been  reinforced  by  the  condenser.  Upon  screwing  up  the 
contact  pieces  so  as  to  improve  the  vibration,  I  could  no  longer 
distinguish  the  particular  upper-partial  referred  to,  and  upon  re- 
turning to  the  room  in  which  the  coils  E  F  (fig.  17)  were  placed, 
I  could  no  longer  detect  the  effects  noted  above  in  Exps.  6  and  7, 
and  the  hearing  distance  did  not  exceed  9  cm. 

TJie  peculiar  effects  obtained  with  tlie  arrangement  shown  in  Jig. 
17  thus  seemed  to  depend  (1)  upon  a  particular  kind  of  vibration 
of  tlie  reed  of  tlie  interrupter^  producing  a  certain  high  upper-par- 
tial  or  overtone  (2)  upon  the  use  of  a  condenser  acting  as  a  sort  of 
electrical  resonator  for  this  tone^  and  (8)  upon  tlie  use  of  the  metal 
lead. 

Mr.  Marean,  of  Washington,  kindly  lent  me  a  number  of  con- 
densers used  by  the  Western  Union  Telegraph  Co.,  and  we  found, 
upon  connecting  them  with  the  coils  E  F,  as  shown  in  fig.  17, 
and,  holding  a  leaden  bullet  near  the  coils,  that  each  condenser 
reinforced  a  high  upper-partial  of  different  pitch.  We  arranged 
the  condensers  so  that  they  could  be  successively  introduced  into 
the  circuit  with  great  rapidity.    The  effect  was  very  curious,  and 
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soanded  somewhat  like  a  Scotch  air  played  upon  the  bagpipes. 
The  low  ham  of  the  fundamental  could  be  heard  continuously,  like 
the  drone  of  the  bagpipe,  while  the  higher  tone  changed  its  pitch 
with  each  change  of  condenser. 

The  pitdi  of  the  high  tone  reinforced  seemed  to  depend  upon  the 
ekctro-stcUic  capacity  of  the  condenser  employed^  but  the  exact 
relation  between  the  two  has  not  been  ascertained.  In  experi- 
ments 5,  6,  7, 8,  and  the  subsequent  experiments  described  above, 
the  battery  employed  consisted  of  six  pairs  of  carbon  and  zinc 
plates  of  large  area  placed  in  a  solution  of  bichromate  of  potash 
containing  sulphuric  acid. 

The  effects  noted  above  were  not  produced  satisfactorily  when 
the  battery  was  much  run  down,  nor  were  they  obtained  with  a 
Lcclanch^  battery  which  had  been  set  up  for  some  time,  but  which 
appeared  to  be  in  good  condition. 

It  is  evidently  necessary  in  order  to  produce  this  characteristic 
high  tone  to  use  a  battery  possessing  considerable  electro-motive  force 
and  slight  internal  resistance. 

Our  experiments  had  reached  this  stage  when,  on  Saturday,  the 
30th  of  July,  1881, 1  was  requested  to  make  another  trial  upon 
the  person  of  the  President  at  the  evening  dressing  of  the  wound. 

At  this  time,  however,  we  had  no  exploring  instruments  com- 
pleted excepting  one  or  two  like  that  shown  in  fig.  11 ;  for  it 
will  be  understood  that  the  promising  results  noted  above  had 
been  obtained  from  coils  that  were  simply  placed  upon  a  table  and 
adjusted  by  hand. 

We  immediately  proceeded  to  the  Executive  Mansion  with  the 
apparatus  shown  in  fig.  13,  prepared  to  make  a  trial,  if  it  was 
deemed  advisable ;  but  upon  learning  of  the  results  of  our  later 
experiments,  the  surgeons  resolved  to  postpone  any  further  trial 
until  we  could  arrange  the  coils  (fig.  17)  in  a  portable  form. 

By  forced  exertions  the  coils  were  arranged  that  same  night  in 
a  wooden  case,  as  shown  in  fig.  18.  A  shallow  circular  recess  was 
tnrned  out  in  each  block  for  the  reception  of  one  of  the  coils,  and 
the  two  blocks  were  held  together  by  four  pins  of  ebonite,  C,  D,  E, 
F,  which  passed  up  through  slots  in  the  upper  block  and  were 
secured  bj'  ebonite  thumb-screws. 

When  the  instrument  was  completed  I  found  to  m}'  great  dis- 
tress that  a  balance  could  not  be  obtained  by  any  adjustment  of  the 
apparatus.     There  was  a  position  of  minimum  sound,  and  the  tel- 
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«pliotie  responded  to  a  bullet  presented  to  the  central  part  G  of 
the  instrument;  but  the  liearing  distance  did  not  exceed  3  or  4 
cm,,  whereas  we  had  obtained  with  the  same  coils  before  the  con- 
struction of  the  wooden  case  a  pei-fect  balance  and  a  hearing  dis- 
tance of  13  cm. 

After  numerous  uneuccessful  experiments  had  been  made  to  as- 
certain the  cause  of  tbe  difflculty  it  occurred  to  me  that  if  two 
adjoining  convolutions  in  one  of  the  coils,  made  contact  at  any 
point,  a  circuit  of  low  resistance  would  be  formed  (a  single  ring 
of  wire,  in  fact),  in  which  the  induced  currents  might  circulate 


without  reaching  the  telephone  Connected  with  the  apparatus.  I 
had  previously  measured  the  resistance  of  the  coils  without  dis- 
coveriog  any  defect,  but  when  I  considered  the  large  number  of 
conTolulions  in  each  coil  it  seemed  possible  that  a  defect  of  this 
kind  might  exist  which  could  not  be  discovered  by  a  Wlieatstone 
Bridge,  excepting  by  very  delicate  and  accurate  observations.  To 
test  whether  a  short-circuite<l  convolution  would  pioduce  elfects 
analogous  to  those  obser\ed,  a  piece  of  copper  wire  was  bent  into 
an  annular  form  and  tbe  ends  connected  together.  On  bringing 
this  meUllic  ring  nesr  a  pair  of  coils  (A,  B,  6g.  19),  properly  ad- 
justed to  sileiicc,  the  balance  was  loudly  disturbed.  The  copper 
ring  (C)  was  held  as  shown  in  fig.  19,  and  the  balance  could  not  then 
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be  restored  by  any  adjustment  of  the  colls.  A  position  of  mini- 
mum sound  was  ail  tliat  could  be  obtained,  and  the  hearing  dis- 
tance was  enormously  reduced.  This  wa^  prima  facie  evidence  of 
the  nature  of  the  defect. 

The  coils  (fig.  18)  were  then  removed  from  their  case,  but  a 
cursory  examination  revealed  no  defect.  Upon  trial,  however 
(being  arranged,  as  formerly,  in  fig.  17),  a  balance  could  not  be 
obtained,  and  the  hearing  distance  was  only  about  4  cm.  The 
defect  was  thus  definitely  located  in  the  coils  themselves. 

Upon  close  examination  it  was  noticed  that  the  outside  convolu- 
tions of  the  primary  coil  were  slightly  frayed  at  one  part,  but  it 
appeared  hardly  possible  that  so  great  a  defect  could  be  due  to  so 
apparently  slight  a  cause.  However,  to  test  the  matter,  I  removed 
the  outside  layer  of  wires  and  then  tested  the  coils  again. 

Result :  The  defect  had  vanished  —  a  perfect  balance  was  ob- 
tained, and  the  hearing  distance  was  again  13  cm.  ^ 

The  coils  were  then  replaced  in  their  case  and  the  completed 
instrument  tested.  The  lower  wooden  block  B  (fig.  18)  was 
adjusted  by  hand  as  nearly  as  possible  to  the  position  of  silence, 
and  then  the  thumb-screws  C,  D,  E,  F  were  tightened. 

The  balance  now  obtained  was  not  quite  perfect,  but  by  striking 

s*  These  experimentB  have  revealed  the  cause  of  the  extreme  difficulty  always  expe- 
rienced in  obtaining  a  perfect  balance  with  coils  of  line  wire.  I  have  recently  used  an 
Induction  Balance  to  test  the  condition  of  the  helices  that  were  employed  in  Uiese 
researches,  and  have  discovered  that  in  a  large  percentage  of  cases  the  Insulation  was 
defective.  It  is  possible  that  some  of  the  results  described  in  thi.s  paper  (especially  of 
the  earlier  experiments)  may  have  been  vitiated  by  errors  due  to  defects  iu  tlie  coils 
that  were  not  suspected  at  the  time.  A  dei'ect  of  insulation  that  is  quite  immaterial  for 
ordinary  purposes  may  be  absolutely  fatal  to  the  success  of  an  Induction  Balance. 
Indeed,  so  much  care  is  required  In  this  respect  that  it  is  extremely  difficult  to  obtain 
coils  that  are  perfectly  suitable  for  an  apparatus  intended  to  search  out  u  bullet  embed* 
ded  in  the  body.  I  now  make  it  a  rule  to  test  every  helix  used  in  Induction  Balance 
ex))eriments  by  bringing  it  up  to  a  system  of  balanced  coils  like  that  shown  in  flg.  19. 

1.  If  the  helix  is  perfect  the  balance  is  not  disturbed  until  the  terminals  of  the  coil 
are  connected. 

2.  If  there  is  a  break  in  any  of  the  convolutions  the  balance  is  not  disturbed,  even 
when  the  terminals  ore  connected. 

3.  If  a  convolution  is  short-circuited  the  balance  is  disturbed,  even  though  the 
terminals  are  not  connected,  and  the  sound  produced  is  the  fhndnmental  of  the  rheo- 
toroe  employed  to  interrupt  the  primary  circuit. 

4.  If  the  insulation  is  defective  the  balance  is  disturbed,  although  the  terminals  are 
not  connected,  and  a  peculiar  spluttering  effect  Is  noticed  like  tliat  produced  by  a 
series  of  sparks. 

I  propose  to  apply  this  method  practically  as  a  means  of  testing  tlie  condition  of  the 
helices  used  in  the  constfuction  of  Induction  Coils  and  those  employed  iu  the  manufac- 
ture of  telephones. 
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the  lower  block  B  a  few  smart  blows  with  a  wooden  mallet  we  were 
able  to  reduce  tbe  arrangement  to  complete  silence. 

The  instrument  was  then  in  such  a  sensitive  condition  that  it 
could  scarcely  be  moved  without  affecting  the  balance.  Upon 
gently  swaying  it  backwards  and  forwards  a  pulsation  of  sound 
was  heard  at  every  swing. 

When  the  motion  was  carefully  made,  so  that  it  was  always  in 
the  same  plane,  no  pulsations  were  observed.  They  only  occun-ed 
when  the  inclination  of  the  coils  was  changed. 

This  defect  was  found  to  be  due  to  the  bulging  of  the  thin  por- 
tion G  of  the  wooden  case  (fig.  18)  under  the  weight  of  the 
enclosed  coil,  and  the  simple  pressure  of  a  finger  on  this  portion 
of  the  case  disturbed  the  balance.  The  movement  of  the  lower 
coil  when  the  instrument  was  swayed  about  must  have  been 
inconceivably  small,  but  on  account  of  the  extreme  sensitive- 
ness of  the  arrangement  it  produced  a  perceptible  effect  upon  the 
balance. 

The  pulsating  sound  did  not  seem  to  interfere  with  the  detection 
of  a  bullet  held  in  the  clenched  hand,  nor  did  it  seem  to  affect  the 
bearing  distance.  I  therefore  despatched  a  messenger  to  the 
Executive  Mansion  (Sunday  morning,  July  81)  with  a  note  for 
Dr.  Bliss,  ^  to  let  him  know  that  the  instrument  was  in  a  condition 
to  be  used,  should  any  necessity  arise  for  an  immediate  experiment. 
At  tbe  same  time  I  informed  him  that  the  apparatus  in  its  present 
form  was  very  crudely  constructed,  and  that  I  hoped  to  improve  it 
very  greatly  in  the  course  of  a  few  days.  On  Sunday  afternoon 
(Jaly  31)  we  sent  to  the  Soldiers  Home  for  John  McGill,  upon 
whom  we  had  experimented  the  previous  day  without  results  (us- 
ing the  apparatus  shown  in  fig.  11). 

Upon  trying  the  new  instrument  (fig.  18)  we  had  no  difficulty 
in  finding  a  sonorous  spot  in  his  back,  at  the  place  where  the  bullet 
was  always  supposed  to  be. 

This  result  was  at  once  communicated  to  Dr.  Bliss,  ^  and  in 
reply  we  were  requested  to  make  the  experiment  upon  the  person 
of  tbe  President  next  morning. 

On  Monday  morning  (August  1,  1881)  we  accordingly  removed 
oar  apparatus  to  the  Executive  Mansion. 

*•  See  Appendix,  note  14.  **See  Appendix,  note  IS. 
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The  Late  President  OarUdd. 

During  the  former  experiment  (July  26)  a  sudden  sonorous  effect 
had  been  observed  upon  passing  a  point  near  the  spot  where  the  sur- 
geons suspected  the  bullet  to  be  lodged,  but  I  had  been  unable  to 
verify  this  by  a  second  observation,  although  the  exploring  instru- 
ment (A  6,  fig.  18)  was  repeatedly  passed  over  the  same  place. 
The  sound  had  been  so  loud  and  well  marked  that  I  believed  at  the 
time  it  must  have  been  caused  by  a  sudden  irregularity  in  the 
vibration  of  the  reed  of  the  rheotome  used  to  interrupt  the  pri- 
mary circuit,  for  the  arrangement  (  as  explained  above, )  was  not 
perfectly  balanced,  and  any  in*egularity  of  this  kind  would,  under 
these  circumstances,  have  affected  the  telephone.  At  the  same 
time  the  coincidence  was  remarkable  that  the  exploring  instrument 
should  have  been  at  that  very  time  so  near  the  suspected  seat  of 
the  ball,  and  this  led  to  the  thought  that  perhaps  after  all  the 
bullet  had  been  the  cause  of  the  sound.  I  felt  confident  that  the 
new  instrument  (fig.  18)  would  at  once  decide  the  question,  for 
the  extreme  hearing  distance  of  the  former  apparatus  {^g.  13) 
was  only  6  cm.,  and  the  apparatus  shown  in  fig.  18  was  so  superior 
in  this  respect  that  if  the  sound  had  really  been  due  to  the  bullet 
we  should  obtain  with  the  new  instrument  distinct  and  well-marked 
effects.  When  the  new  explorer  (fig.  18)  was  passed  over  the 
suspected  spot  nothing  was  heard  excepting  a  slight  pulsating 
sound  as  the  instrument  was  moved  to  and  fro.  This  was  evidence 
to  me  that  the  former  sound  had  been  of  accidental  origin,  whether 
the  bullet  was  there  or  not.  With  a  view  of  eliminating  any  error 
of  observation  caused  by  the  pulsations  due  simply  to  the  movement 
of  the  instrument,  I  lifted  the  latter  (without  changing  the  inclina- 
tion of  the  coils)  to  a  height  of  about  fifty  centimetres  above  the 
body  of  the  President,  and  moved  it  to  and  fro  in  as  nearly  as 
possible  the  same  way  I  had  done  at  the  lower  elevation. 

I  presumed  that  if  the  pulsations  heard  were  due  simply  to  the 
movement  of  the  instrument,  they  should  occur  with  equal  strength 
at  the  two  elevations ;  but  if  any  portion  of  the  sonorous  effect 
was  due  to  the  influence  of  the  bullet,  the  pulsations  at  the  two 
elevations  would  be  different  in  intensity.  I  was  struck  by  the  fact 
that,  although  the  sonorous  pulsations  were  very  feeble,  they  were 
sensibly  louder  when  the  instrument  was  close  to  the  surface  of 
the  body  than  when  it  was  raised.    Continuing  the  exploration,  I 


3T  A.    GRAHAM  BRLL.  181 

I 

foond  a  considerable  area  over  which  similar  effects  were  noticed, 
but  apon  carrying  the  instrument  towards  the  back  of  the  Presi- 
dent, the  difference  between  the  pulsations  produced  at  the  two 
elevations  grew  less  and  less,  and  finally  could  not  be  distin- 
guished. 

The  difference  in  the  loudness  of  the  sound  at  the  two  eleva- 
tions was  so  slight  that  it  probabl>'  would  not  have  been  noticed 
bv  an  ear  unaccustomed  to  listen  to  feeble  effects,  and  I  feared 
that  the  general  expectation  that  the  bullet  would  be  found  in  that 
part  of  the  body  might  have  led  me  to  imagine  a  difference  that 
did  not  exist.  For  the  purposeof  eliminating  as  far  as  possible  any 
personal  error,  I  requested  Mr.  Sumner  Tainter  (who  was  the  only 
other  person  present  whose  ear  had  been  sufTiciently  tniined  to  be 
reliable  in  snch  an  emergency)  to  repeat  the  experiments  and  let 
me  know  the  result.  Upon  our  return  to  my  laboratory  we  com- 
pared notes,  and  I  found  that  his  observations  tallied  with  mine. 
He  declared  he  could  not  obtain  a  distinctly  localized  effect,  but 
stated  that  he  had  observed  a  reinforcement  of  the  pulsation  over 
an  area  of  at  least  two  inches  in  the  neighborhood  of  the  spot  to 
which  his  attention  had  primarily  been  directed,  and  that  he  was 
convinced  that  the  bullet  was  within  that  area. 

It  appeared  reasonably  certain  that  the  area  of  feeble  sound  was 
due  to  some  external  cause,  and  was  not  simply  an  effect  of  ex- 
I)ectancy.  In  the  absence  of  any  other  apparent  cause  for  the 
phenomenon  I  was  forced  to  agree  in  the  conclusion  that  it  was  due 
to  the  presence  of  the  bullet,  and  I  so  stated  in  my  rei>oi't  to  the 
surgeons.^  I  was  by  no  means  satisfied,  however,  with  the  re- 
sults obtained,  for  no  such  efl'ccts  had  been  observed  before  in  our 
experiments  with  bullets.  I  tried  to  reproduce  the  effects  by 
moving  the  instrument  (fig.  18)  at  different  distances  over  a  bul- 
let, but  in  every  case  where  an  effect  was  prodnce<l  the  sound  was 
quite  sharply  localized.  I  thought  that  perhaps  the  body  of  the 
patient  might  have  affected  the  result,  and  so  experimented  upon 
a  bullet  buried  in  a  piece  of  meat,  but  no  difierence  of  effect  was 
noted.  This  led  me  to  fear  that  the  extensive  area  of  feeble  sound 
might  have  been  due  to  some  extensive  area  of  metal  that  was  un- 
suspected at  the  time,  and  I  proceeded  to  the  Executive  Mansion 
next  morning  (August  2)  to  ascertain  from  the  surgeons  whether 
tbej  were  perfectly  sure  that  all  metal  had  been  removed  from  the 

MSeo  AppendlZi  note  16. 
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neighborhood  of  the  bed.  It  was  then  recollected  that  underneath 
the  horse-hair  mattress  on  which  the  President  lay  was  another 
mattress  composed  of  steel  wires. 

Upon  obtaining  a  duplicate,  the  mattress  was  found  to  consist  of 
a  sort  of  net  of  woven  steel  wires,  with  large  meshes.  The  extent  of 
the  sonorous  area  having  been  so  small,  as  compared  with  the  area 
of  the  bed,  it  seemed  reasonable  to  conclude  that  the  steel  mattress 
had  produced  no  detrimental  effect. ^^  I  was  unable  to  continue 
experiments  with  the  steel  mattress,  as  just  at  this  time  I  was 
obliged  to  leave  Washington  on  account  of  illness  in  my  famil}'. 
Although  I  was  unable  for  a  long  time  afterwards  to  carry  on  per- 
sonally Induction  Balance  experiments,  the  investigations  were 
ably  continued  under  my  direction  by  Mr.  Thomas  Gleason,  in  the 
establishment  of  Mr.  Charles  Williams,  Jr.,  in  Boston. 

ExperiineiiU  continued  in  Boston, 

Mr.  Tainter  forwarded  from  Washington  drawings  of  an  im- 
proved apparatus  he  had  designed,  to  remedy  the  defects  of  the  in- 
strument shown  in  fig.  18,  in  which  the  case,  adjusting  screws, 
etc.,  were  all  to  be  composed  of  ebonite. 

Mr.  Gleason  constructed  for  me  a  number  of  such  ebonite  in- 
struments differing  slightly  from  one  another  in  detail,  and  the 
apparatus  shown  in  fig.  20  combined  the  different  points  that  had 
been  approved. 

The  two  coils  A  B  were  eccentrically  arranged  in  two  circular 

disks  of  ebonite,  C  I),  and  the  adjustment  was  obtained  by  means 

of  an  ebonite  key  O,  like  the  key  used  for  tuning  pianos,  which 

'   turned  a  cam  M  pivoted  in  the  upper  disk  and  working  in  a  slot 

N  in  the  lower  disk. 

In  order  to  prevent  any  movement  of  the  coils,  excepting  that 
produced  by  the  adjusting-key  O,  each  coil  was  placed  in  a  recess 
turned  out  in  its  ebonite  disk,  the  edges  of  which  were  bevelled 
as  shown  at  R.  Paraflhie  was  then  poured  in  so  as  to  fill  up  each 
recess.  But  this  alone  did  not  prevent  a  slight  pulsation  of  sound 
wluMi  the  instrument  was  swayed  from  side  to  side,  and  a  very 
slight  pressure  of  the  finger  on  the  thin  portion  of  the  ebonite  plate 
under  the  coil  B  was  sufficient  to  destroy  the  balance. 

sTThe  ilealh  of  PrcRident  GarfleUI  and  tlie  subsequent  ;m«^moWem  examination, 
h(»\vevcr,  proved  tliut  Uie  bullet  was  ut  too  groat  a  dibtance  from  the  surface  to  have 
affected  our  appanitus. 
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TIlis  was  remedied  by  strengthening  this  portion  by  means  of  a 
rod  of  ebonite,  wliieb  passed  up  through  the  centre  of  the  coil  and 
through  a  elot  I,  in  tlie  upper  ebonite  plate,  and  was  clamped 
firmly  after  the  adjustment  of  the  instrument  by  an  ebonite  thumb- 
screw H.  This,  bowevei',  increased  the  difficulties  of  adjustment. 
When  the  coils  were  adjusted  to  silence,  then  the  tightening  of  the 
thumb-scroiY  II  disturbed  the  balance  ;  andif  the  thumb-screw  H  was 
tightened  first,  then  the  adjustment  could  only  be  made  by  aseries 
of  jerks,  on  account  of  friction.  In  practice  we  found  it  best  to 
adjust  the  instrument  al- 
■^'  most  (3  silence,  and  then 

the  tightening  of  the 
thumb-screw  H  com- 
pleted tlic  balance. 

This  was  the  form  of 
apparatus  at  which  we 
bad  arrived  at  the  time 
of  the  death  of  President 
Garfield. 

The  difficulty  of  ad- 
isting  the  coils  led  me 
ultimately  to  the  idea  of 
the  apparatus  shown  in 
figs.  21,  22,  23,  24,  which 
is  the  most  practical 
form  of  the  instrument 
yet  devised. 

The  two  exploring 
coils  A  B  (fig.  21)  are  arranged  as  shown,  in  a  recess  turned  out 
in  II  single  block  of  wood  C. 

The  coils  are  temi>orarily  connected  with  a  telephone,  battery 
and  rheotome  in  the  manner  shown  in  flg.  1 ,  so  that  they  may  he 
adjusted  by  hand  to  form  a  balance.  When  they  have  been  ar- 
ranged in  their  position  of  silence  tlie  hollow  in  the  block  of  wood 
C  (fi".  21)  ia  filled  with  melted  parafflne.  Upon  cooling,  the  two 
coils'nre  found  immovably  fise.l  iu  one  solid  cake  of  parafflne. 

As  a  matter  of  practice  it  ia  found  impossible  to  llx  the  coils  in 
tliis  way  exactly  in  their  iwsilioii  of  silence  ;  but  by  means  of  two 
other  very  suiflU  cr>il=,  1>  K  (.H'-X-  22).  of  insignificant  resistance, 
forming  a  sort  of  fine  acijiistmeut  external  to  the  explorer,  a  per- 
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nff,2s. 


feet  balance  is  easily  obtained.     In  this  instrument  the  swaying  of 
the  coils  A  B  produces  no  effect  upon  the  balance. 

The  completed  arrangement  is  shown  in  plan  in  fig.  22,  and  the 
explorer  and  balai:fting  coils  arc  shown  separately  in  perspective 
in  figs.  23  and  24. 

On  account  of  the  small  size  and  slight  resistance  of  the  bal- 
ancing coils  we  were  enabled  to 
make  the  adjustable  parts  of  the 
balancer  of  metal  without  practical 
interference  with  the  sensitiveness 
of  the  exploring  instrument,  and 
this  gave  us  the  power  of  making 
very  delicate  adjustments  of  the 
balancing  coils. 

We  found  it  advisable,  however, 
to  avoid  placing  metal  over  the 
sensitive  area  of  the  coils  as  had 
been  done  in  the  instrument  shown 
in  fig.  24. 

In  the  balancing  apparatus 
shown  in  fig.  25  (which  is  the  most  perfect  one  yet  constructed), 
the  lever  to  which  the  upper  coil  is  attached  is  made  of  hard 
rubber. 

In  fig.  26  is  shown  the  most  convenient  form  of  case  yet  devised 
for  holding  the  exploring  coils. 

By  invitation  of  Dr.  Frank  Hamilton,  experiments  were  made 
at  his  oflSce  in  New  York,  Octo- 
ber  7,    1881,  the  instruments  ^^g-^G. 
used  being  those  shown  in  figs. 
22,  23,  24. 

As  this  was  the  first  success- 
ful application  of  the  Induction 
Balance  to  the  discovery  of  the 
situation  of  a  ball  in  the  body, 

the  position  of  which  was  previously  unknown,  I  may  be  pardoned 
for  entering  somewhat  into  detail. 

I  shall  quote  from  tiie  Medical  Gazette*^  of  New  York,  an  account 
of  the  experiments  written  by  one  of  the  witnesses : 


«»  See  Medical  Gazette,  Oct.  15,  1881,  pp.  347-349. 
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**  Tlie  First  Successful  Application. 

On  Friday,  Oct.  7,  by  invitation,  several  medical  gentlemen,^ 
including  the  writer,  met  Prof.  Bell  at  the  house  of  Dr.  Frank  H. 
Hamilton,  in  this  city,  for  the  purpose  of  witnessing  the  practical 
application  of  his  improved  instrument. 

The  first  person  subjected  to  experiment  was  General  Caflvin  E. 
Pratt,  judge  of  the  supreme  court  of  the  State  of  New  York,  and 
who  is  now  a  resident  of  Brooklyn.  General  Pratt,  at  the  battle  of 
Gaines'  Mills,  June,  1862,  this  being  the  second  day  of  the  famous 
seven  days*  retreat  across  the  peninsula,  received  a  ball  in  his  left 
cheek,  which  penetrated  through  the  nares  and  was  lodged  in  the 
right  antrum.  Its  presence  at  this  time  was  recognized  by  his 
surgical  attendant,  Dr.  Damainville,  and  its  exact  position  has  been 
known  from  that  day  until  this,  it  having  given  rise  at  times  to 
much  pain  and  suffering. 

General  Pratt  has  been  seen  by  Dr.  Hamilton  and  Dr.  Damain- 
ville occasionally  from  that  time  forward,  and  they  have  from  time 
to  time  urged  upon  him  the  necessity  of  its  removal.  General 
Pratt,  however,  was  anxious  to  know  whether  Professor  Bell's  in- 
strumeot  would  indicate  its  presence  at  the  same  point  as  declared 
by  his  surgeons. 

The  results  of  the  experiment  were  conclusive  and  entirely  sat- 
isfactory to  General  Pratt,  the  response  being  heard  distinctly,  but 
rather  feebly,  by  every  person  present  in  the  room.  The  feeble- 
ness of  the  response  was  supposed  to  be  due  to  the  fact  that,  owing 
to  its  situation  and  the  peculiar  form  of  the  instrument  containing 
the  induction  coils,  it  was  impossible  to  bring  the  centre  of  its 
surface  very  near  the  site  of  the  ball,  the  ball  being  situated  very 
near  the  depression  at  the  ala  of  the  nose. 

The  next  patient  was  Col.  B.  F.  Clayton,  who  received  a  wound 
at  the  battle  of  Cedar  Mountain,  Virginia,  Aug.  9,  1862^ 

The  missile  was  supposed  to  be  an  Enfield  rifle  ball,  and  the 
wound  was  supposed  to  be  mortal  by  the  medical  director  of  Gen- 
eral Banks'  staff  and  his  assistants.     The  ball  passed  through  the 

***«  The  ToUowing  are  the  n.imes  of  the  medical  genlleroen  who  were  present,  each 
one  of  whom  verified  pervonally  the  results  and  declared  hid  entire  satisfaction  with 
every  experiment  that  was  nindc :  J.  C.  Hutchinson,  J.  G.  Johnson,  and  J.  G.  Allen,  of 
Brooklyn;  Elias  Marsih,  of  Patterson,  N.  J.;  Nathan  Bozeman,.!.  H.  Hunter,  G.  Dur- 
ant,  F.  Deialleld,  L.  Damalnyille,  W.  M.  Chamberlain,  J.  H.  Ginlner.  Frank  H.  Hamil- 
ton, and  E.  J.  Bermingham,  of  New  York.'^ 
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sternal  end  of  the  left  clavicle,  and  was  supposed  to  have  lodged 
in  the  muscles  under  the  superior  angle  of  the  corresponding  scap- 
ula. The  injury  was  followed  by  complete  paralysis  of  the  left 
arm,  continaing  for  a  period  of  six  months ;  and  his  arm  has  never 
yet  been  completely  restored  to  its  normal  condition.  He  suffers 
a  great  portion  of  his  time  from  pains  in  the  arm,  shoulder,  and 
portions  of  the  back. 

Several  small  fragments  of  bone  escaped  through  a  fistulous 
orifice  formed  near  the  seat  of  the  original  wound. 

About  eighteen  months  later  an  abscess  opened  on  the  front 
of  the  chest  below  the  fifth  rib  and  to  the  left  of  the  sternum. 
Tlu'ough  this  sinus  his  surgeon  was  able  to  carry  a  probe  upwards 
and  backwards  towards  the  top  of  the  shoulder  several  inches,  and 
which  sinus  was  supi)osed  then  to  communicate  with  the  seat  of  the 
ball  on  the  back. 

Pleural  adhesions  were  recognized  by  the  medical  attendants 
as  having  occurred  in  the  upper  part  of  the  left  thoracic  cavity. 
He  has  been  troubled  occasionally  ever  since  the  injury  with 
cough,  expectoration,  and  violent  palpitations  of  the  heart.  A 
suspicion  has  even  been  entertained  that  the  fistulous  canal  which 
remained  open  a  period  of  eighteen  months,  and  then  became  per- 
manently closed,  communicated  with  the  bronchial  tubes,  but  at 
no  time  was  a  suspicion  entertained  by  him  or  his  medical  atten- 
dants that  the  ball  was  not  lodged  in  the  back  and  there  closely 
encysted. 

We  are  disposed  to  mention  as  an  evidence  of  Col.  Clayton's 
loyalty  and  faithfulness  as  a  soldier  that  within  six  months 
of  the  receipt  of  the  injury,  and  while  the  wound  was  still  dis- 
charging pus  and  blood,  he  returned  to  active  duty  with  his  regi- 
ment and  remained  in  the  field  until  the  close  of  the  war. 

In  the  presence  of  the  gentlemen  assembled  Col.  Clayton  exposed 
his  chest,  and  Professor  Bell  proceeded  to  move  the  coils  across 
that  portion  of  his  back  where  the  ball  was  supposed  to  be  situ- 
ated, the  colonel  indicating  the  point  underneath  the  superior 
angle  of  the  scapula  as  that  which  had  been  fixed  upon  by  him- 
self and  all  the  surgeons  who  had  examined  him  as  its  exact  seat. 
Although  being  buried  underneath  the  scapula,  they  had  not  been 
able  to  verify  their  diagnosis  by  the  sense  of  touch.  Repeated  ex- 
aminations were  made  over  this  region,  without  any  response,  both 
by  Professor  Bell  and  several  of  the  gentlemen  who  were  present. 
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The  instrnment  was  then  moved  in  every  direction  across  the 
back  and  shoulders  with  the  same  result.  There  was  an  evident 
feeling  of  disappointment  on  the  part  of  Professor  Bell  and  all 
the  gentlemen  present,  for  no  one  entertained  a  doubt  up  to  this 
moment  that  the  situation  of  the  ball  was  known  and  correctly 
stated  by  Col.  Clayton. 

It  was  not  until  the  lapse  of  half  an  hour,  and  a  thorough 
examination  on  the  part  of  Professor  Bell  to  determine  if  there 
was  not  some  imperfection  in  the  working  of  the  apparatus,  that 
it  was  suggested  to  move  the  instrument  along  the  front  of  the 
chest. 

This  was   done  by  Professor  Bell,  and  immediately   he   ex- 
claimed :     ^  I  have  found  it ! '    And  such  was  evidently  the  fact, 
as  was  verified  by  the  personal  examination  through  the  telephone 
by  every  gentleman  present.     The  response 
when  the  instrument  was  moved  over  the  seat 
of  the  ball  was  loud  and  distinct,  and  left  no 
room  for  doubt." 

After  all  the  visitors  present  had  had  the  _ 
opportunity  of  verifying  my  discovery  of  the 
sonorous  spot  on  the  chest  of  Col.  Clayton, 
experiments  were  made  to  determine  as  ac- 
curately as  possible  the  exact  position  of  the 
ball. 

The  exploring  instrument  (fig.  23)  was  first  held  over  that  part 
of  the  chest  where  the  maximum  sound  was  obtained.  The  instru* 
ment  was  then  moved  slowly  towards  the  left  until  the  sound  could 
no  longer  be  perceived.  The  position  of  the  centra  of  the  instru- 
ment was  noted,  and  a  vertical  line  (A  B,  fig.  27)  was  drawn  with 
ink  upon  the  skin  through  that  point.  This  line  indicated  the 
boundary  of  the  sonorous  area  towards  the  left.  The  experiment 
was  then  repeated  by  moving  the  instrument  from  the  point  of 
maximum  sound  towards  the  right,  and  also  upwards  and  down- 
wards, giving  us  the  four  boundary-lines  shown  in  the  diagram. 
(6g.  27).  The  bullet  was  thus  located  within  a  square,  C,  of 
about  one  inch. 

^'The  exact  position  of  the  ball,"  as  described  in  \ki^  Medical 
Gazette^  "  was  found  to  be  within  the  thorax,  probabl}'  in  imme- 
diate contact  with  the  inner  surface  of  the  ribs,  the  point  being  a 
little  to  the  left  of  the  sternum,  between  the  third  and  fourth  ribs. 
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and  two  or  three  inches  above  the  cicatrix  on  the  front  of  the 
chest,  where  the  sinus,  long  since  closed,  had  evacuated  itself,  and 
in  a  direct  line  from  this  cicatrix  towards  the  left  shoulder,  which 


indicated  the  line  of  the  track  of  the  original  sinus. 


M 


Experiments  with  Needles, 

During  my  absence  from  Washington  and  from  all  conveniences 
for  experimenting  personally  with  Induction  Balance  apparatus,  I 
devised  a  method  of  verifying  the  indications  of  the  Induction 
Balance  and  of  ascertaining  the  exact  depth  at  which  a  bullet  lies 
beneath  the  surface.     This  method  was  communicated  through  Dr. 

Woodward    to   the    sur- 
'^'^'  ^^'  yfti      geons  in  attendance  on 

President  Garfield,  and 
it  was  made  the  subject 
of  a  special  paper  pre- 
sented to  the  French 
Academy  of  Sciences, 
Nov.  7, 1881. 

This  method,  although 
involving  extremely 
slight  pain,  would  or- 
dinarily be  used  only  as 
a  preliminary  to  an  oper- 
ation for  the  extraction 
of  a  bullet.  The  arrangement  is  shown  in  fig.  28.  A  fine 
needle  A  is  connected  to  one  terminal  of  a  telephone,  and  the 
other  terminal  makes  contact  with  a  plate  B,  preferably  of  the 
same  material  as  that  composing  the  needle.  Place  this  metallic 
plate  B  against  the  surface  of  the  patient's  skin  and  thrast  the 
needle  into  that  portion  of  the  body  where  the  bullet  is  believed 
to  be  lodged.  When  the  point  of  the  needle  makes  contact  with 
the  surface  of  the  bullet  C,  a  galvanic  battery  will  be  formed 
naturally  within  the  body,  the  two  poles  of  which  are  respectively 
the  leaden  bullet  C  and  the  metallic  plate  B.  Under  these  circum- 
stances a  click  will  be  heard  from  the  telephone  each  time  the 
bullet  is  touched  by  the  needle.  This  has  been  verified  by  experi- 
ments upon  bullets  buried  in  a  joint  of  meat.  The  click,  though 
feeble,  is  unmistakable. 
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I  kave  no  doubt  that  this  method  of  exploration  alone,  without 
the  induction  balance,  would  prove  of  great  service  upon  a  field  of 
battle,  where  the  employment  of  complicated  apparatus  is  im- 
possible. Mr.  Thomas  Gleason  has  recently  communicated  to  me 
the  particulars  of  an  experiment  he  witnessed,  in  the  course  of 
which  this  method  was  tried  upon  a  living  subject.  The  surgeon 
who  conducted  the  experiment  was  unable  to  obtain  any  response 
from  the  induction  balance  employed,  although  from  certain  indi- 
cations apparent  to  the  sense  of  touch  he  believed  that  the  bul- 
let was  located  in  the  part  of  the  body  submitted  to  experiment. 

To  verify  his  supposition  a  needle  connected  as  above  (Gg.  28) 
was  thrust  into  contact  with  the  hard  substance  perceived,  but 
no  response  was  made  by  the  telephone.  The  surgeon,  how- 
ever, believing  that  the  bullet  had  been  found,  etherized  his 
patient  and  proceeded  with  an  operation,  but  discovered,  when  too 
late,  that  the  bullet  was  not  there. 

FurtJier  Modifications  of  Induction  Balance. 

I  sailed  for  Europe  early  in  October,  1881,  and  have  had  no 
opportunity  since  of  continuing  my  researches  until  quite  recently. 
While  I  was  in  Europe,  however,  Mr.  Sumner  Tainter  devised  a 
new  kind  of  induction  balance  which  deserves  mention  here.  The 
results  obtained  with  this  apparatus  in  its  present  form  (fig.  29) 
are  not  to  be  compared  with  tho.^e  produced  by  the  best  instru- 
ments described  above,  but  there  are  undoubtedly  great  possi- 
bilities of  future  development. 

The  important  feature  is  that  the  exploring  instrument  E  con- 
sists of  a  single  coiU  so  that  there  is  no  possibilitj'  of  any  part  of 
the  explorer  getting  out  of  adjustment.  All  the  adjustments  are 
made  u[K>n  the  stationary  part  of  the  apparatus. 

The  current  of  the  battery  is  divided  between  two  equal  circuits. 
One  of  the  primary  circuits  contains  the  coil  A  and  the  exploring 
coil  E,  and  the  other  circuit  the  coil  C  and  a  rheostat  R.  Coils  A 
and  C  are  exactly  similar;  and  if  the  resistance  introduced  at  R 
is  equal  to  tlie  resistance  of  the  exploring  coil  E,  an  acoustic 
balance  can  be  obtained  by  the  adjustment  of  the  secondary  coils 
B  D  upon  the  primaries  A  C  ;  but  if  the  resistance  introduced  at 
R  is  different  from  that  at  E,  Mr.  Tainter  states  that  no  balance  is 
possible. 

When  the  apparatus  is  adjusted  to  silence  tlie  approach  of  a 
bullet  to  the  coil  E  destroys  the  balance. 
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Although  the  great  object  of  the  researches  that  have  been 
brought  before  you  to-day  has  been  to  find  that  arrangement  of 
balance  which  will  detect  a  bullet  at  the  greatest  distance  from  the 
coils  of  the  explorer,  it  must  not  be  forgotten  that  in  every  case 
the  instrument  is  more  sensitive  to  the  presence  of  a  bullet  placed 
inside  the  exploring  coils  than  to  one  exterior  to  them.  When, 
therefore,  we  seek  the  location  of  a  bullet  in  one  of  the  limbs,  it 


/ 


may  be  advisable  to  use  an  annular  coil  large  enough  to  slip  easily 
over  the  leg  or  arm,  as  the  case  may  be. 

In  Mr.  Tainter's  arrangement  the  exploring  coil  E  (fig.  29) 
might  simply  be  a  large  ring  consisting  of  a  number  of  convolu- 
tions of  thick  wire  which  could  be  slipped  over  the  limb,  or  the 
ring  might  consist  of  two  coils,  forming  one  side  of  a  Hughes'  in- 
duction balance. 

In  either  case  the  loudest  sound  will  be  produced  when  the  bullet 
is  in  the  plane  of  the  ring,  and  its  exact  location  should  be  deduced 
from  three  observations.  Suppose,  for  instance,  that  wiLli  the  ring 
inclined  in  a  particular  direction  the  maximum  sound  is  observed 
when  the  ring  occupies  the  position  A  B  (fig.  80).     We  know  then 


X.  198 

that  tbe  baUet  is  in  that  plane.  Now,  incline  the  ring  in  some 
oUkt  dir«GtiOD  and  explore  again.  Let  the  position  of  maximum 
■onnd  be  now  C  D.  We  know  then  that  the  bnllet  is  somewhere 
on  tbe  straight  line  formed  by  the  intersection  of  the  planes  A  B 
and  C  D.  It  is  only  necessary 
then  to  make  a  third  observation  t^JK. 

with  the  apparatna  so  inclined  that  « 

tbe  plane  of  the  ring  cuts  this  ' 
straight  line,  for  instance,  the  po- 
sition E  F.  The  point  of  inter- 
■ection  of  the  three  planes  G  is 
then  the  exact  point  occupied  by 
the  bnllet. 

I  shall  conclude  this  paper  by        ~         ^ 
the  description  of  an  experiment 

nude  in  Newport,  B.  I.,  a  few  days  ago.  The  results  are  bo  nn- 
precedeated  in  my  experience  that  I  feel  they  cannot  be  received 
as  implicitly  reliable  until  the  experimesta  have  been  repeated  and 
Toifled. 


I  had  arranged  upon  a  table  three  coils  (as  shown  in  fig.  31). 
The  large  flat  primary  coil  A  was  connected  with  a  battery  of 
four  Biinsen  elements  and  an  interrupter,  as  shown,  and  tbe  two 
small  secondaries  of  fine  wire,  B  C,  were  connected  with  a  tele- 
phone. 
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The  secondazy  B  was  moved  aboat  on  the  primary  A  nntil  a  po- 
sition of  silence  was  obtuned.  Upon  bringing  a  leaden  bullet  near 
C  the  balance  was  disturbed  and  a  distinct  sound  produced  from 
the  telephone.  There  is  nothing  very  strange  about  this  when  we 
know  that  the  distance  between  A  and  C  was  only  fifteen  centi- 
metres, so  that  0  was  well  within  the  field  of  induction  of  A ;  but 
what  did  seem  extraordinary  was  that  the  approach  of  the  lai^e 
steel  blade  of  a  penknife  to  the  coil  C  produced  no  efi'ect  I  The 
iron  diaphragm  of  a  hand  telephone  brought  close  up  to  the  coil  C 
produced  no  sensible  disturbance  of  the  balance,  whereas  a  small 
disk  of  lead  produced  quite  a  marked  effect.  A  disk  of  copper 
the  size  of  a  telephone  diaphragm  also  produced  a  good  effect,  but 
the  sound  was  not  sensibly  louder  than  that  due  to  the  small  leaden 
disk.  A  diaphragm  of  zinc  occasioned  a  feeble,  but  distinct,  dis- 
turbance of  the  balance.  It  is  unfortunately  the  case  that  in  all 
the  forms  of  induction  balance  described  above,  lead  gives  the 
poorest  effect  of  all  metals.  If  people  would  only  iiiake  their  bul- 
lets of  silver  or  iron  there  would  be  no  diflSculty  in  finding  them 
in  any  part  of  the  body !  In  the  apparatus  shown  in  fig.  31,  how- 
ever, it  seems  (unless  subsequent  experiments  should  reveal  some 
fallacy)  that  we  diave  an  arrangement  which  is  sensitive  to  lead 
and  not  to  iron,  or,  at  all  events,  which  is  more  markedly  infiu- 
enced  by  lead  than  iron. 

It  is  hardly  necessary  to  state  that  when  the  coil  C  was  removed 
to  a  considerable  distance  from  the  primary  A,  no  effect  was  pro- 
duced by  the  approach  of  metal  to  the  coil  C. 

I  have  in  this  paper  brought  before  you  an  outline  of  a  labor  of 
love  pursued  through  many  anxious  days  and  sleepless  nights. 
However  imperfect  or  disappointing  may  be  the  results  so  far 
achieved,  they  are  sufiSciently  encouraging  to  enable  us  to  look 
forward  with  confidence  to  the  attainment  of  still  greater  per- 
fection. 

I  hope  to  continue  these  researches  in  the  future ;  and  certainly 
no  man  can  have  a  higher  incentive  to  renewed  exertion  than  the 
hope  of  relieving  suffering  and  saving  life. 
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HoTB  1.  —  Another  mode  of  painless  exploration  suggested  itself  to  my 
mind  at  this  time,  based  upon  the  fact  that  a  leaden  bullet  is  much  more 
opaque  to  light  than  the  substances  composing  the  human  body. 

1  was  aware  of  the  fact  that  the  ingenious  M.  Tronv^e,  of  Paris,  had, 
by  means  of  his  polyscope,  produced  a  light  inside  a  living  fish,  and  wan 
thus  enabled  in  the  dark  to  see  the  anatomical  structure  of  the  fish  as  it 
swam  about  in  a  vessel  of  water. 

M.  Trouv^e  had  himself  shown  me  a  modified  form  of  this  apparatus 
for  the  illumination  of  the  interior  of  the  human  stomach,  and  I  under- 
stood him  to  say  that  when  the  instrument  was  used  the  body  of  the  patient 
could  be  seen  in  the  dark,  faintly  illuminated,  like  a  Chinese  lantern,  and 
that  the  extent  and  location  of  tumors  in  the  stomach  could  be  detected 
on  account  of  their  great  opacity. 

It  occurred  to  me  that  leaden  bullets  were  certainly  more  opaque  than 
tumors,  and  that  a  painless  method  of  exploration  might  be  based  upon 
the  observations  of  M.  Trouv^e. 

It  would  evidently  be  impracticable,  in  the  great  majority  of  cases,  to 
introduce  into  the  stomach  any  illuminating  apparatus ;  but  if  the  light  of 
a  properly  protected  incandescent  platinum  spiral,  introduced  into  the 
stomach,  could  produce  effects  visible  from  the  outside — that  is,  if  this 
feeble  light  could  penetrate  through  the  substance  of  one-half  of  the 
body  —  then  why  should  not  the  intense  light  of  an  electric  arc,  or  of  a 
lime  light,  penetrate  the  whole  body  ft'om  one  side  to  the  other  so  as  to 
produce  similar  effects? 

The  most  feasible  plan  that  occurred  to  me  was  to  place  an  electric  lamp 
at  one  end  of  a  long  opaque  tube,  and  to  apply  the  other  end  closely  against 
the  skin  of  the  patient.  The  interior  of  the  tube  between  two  plate-glass 
diaphragms  could  be  filled  with  a  saturated  solution  of  alum,  or  some  other 
highly-absorbent  transparent  substance,  so  as  to  obstruct  the  passage  of 
heat  rays.  * 

Of  course,  the  whole  apparatus  was  to  be  so  arranged  that  no  light 
from  the  lamp  could  escape  into  the  room  to  interfere  with  the  experiment. 

Under  these  circumstances,  the  body  of  the  patient,  or  at  least  a  portion 
of  it,  should,  in  a  dark  room,  appear  self-luminous;  and  it  seemed  possi- 
ble that  the  sliadow  of  an  embedded  bullet  might  be  projected  upon  the 
skin.  The  track  of  the  bullet  might  also,  perhaps,  be  discernible  as  an 
illuminated  streak  either  more  or  less  bright  than  the  surrounding  surface. 

These  considerations  led  me  to  try  a  number  of  experiments,  which 
proved  that  the  method  was  feasible  where  the  bullet  was  very  near  the 
surface  of  the  body.  On  account  of  the  great  and  irregular  refraction  of 
light  in  passing  through  the  tissues  of  the  body,  I  doubt  whether  the 
8lmdow  of  a  deeply-seated  small  bullet  could  be  distinguishable  upon  the 
fkin,  unless,  indeed,  a  very  brilliant  light  emanating  from  a  single  point 
could  be  safely  produced  inside  the  body. 
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The  following  ezperlments  bearing  upon  the  subject  were  made  in  Bos- 
ton, July  6, 1881,  with  the  assistance  of  Mr.  Wm.  Schuyler  Johnson : 

Experimemt  1.—  Mr.  Johnson  placed  in  his  month  a  glass  cylinder  con- 
taining a  spiral  of  platinum  wire,  which  was  rendered  incandescent  by 
the  passage  of  an  electrical  current.  He  also  held  in  his  cheek  a  small 
leaden  bullet. 

In  a  dark  room  the  effect  was  rery  striking.  The  cheek  appeared  semi- 
transparent,  and  the  location  of  the  bullet  was  detected  at  a  glance  by  a 
shadowy  spot  upon  the  skin. 

ETGperiment  2. —  A  metallic  glove  button  (not  more  than  4  or  5  mm.  in 
diameter)  was  attached  to  the  glass  cylinder  by  a  few  turns  of  black  thread 
passed  round  the  cylinder. 

In  this  case  the  effect,  although  not  so  marked  as  In  the  former  experi- 
ment, was  quite  discernible,  and  a  faint  shadowy  streak  could  be  seen 
crossing  the  cheek,  caused  by  the  shadow  of  the  black  thread  tied  round 
the  cylinder. 


NotbS.— XstttfT/hMH  Jfr.  George  Jf.  Hopkins,  publMsdin  the  New  York 

Tribune,  July  11,  1881. 

LVTTBRS  FBOM  THB  PKOPLB — THB  BULLET  FIRBD  BT  OUITEAU. 

A  suggestion  that  tht  Induction  Balance  be  used  to  discover  its  position  in  the 

President's  body. 

To  the  Editor  of  the  Tribune  : 

Sir:  The  attempt  upon  President  Garfield's  life  and  the  present  con- 
dition of  the  sufferer  have  called  forth  the  nation's  deepest  sympathies, 
and  elicited  very  many  suggestions  as  to  the  methods  of  promoting  his 
comfort  and  assuring  his  recovery. 

As  one  crisis  after  another  has  passed  hope  has  risen,  and  the  people 
wait  with  earnest  desire  for  the  last  danger  to  pass  away. 

The  attending  and  consulting  surgeons  state  that  it  is  impossible  to 
predict  the  final  result  of  the  shot  without  locating  the  ball. 

With  all  deference  to  the  several  methods  proposed,  I  desire  to  suggest 
a  method  of  ascertaining  the  position  of  the  missile  which  will  be  painless 
and  harmless,  and  which,  in  my  experiments  under  conditions  analogous 
to  those  under  which  it  might  be  practised  in  tlie  present  instance,  has 
proved  successftil.  I  refer  to  the  use  of  the  Induction  Balance  —  a  most 
delicate  electrical  instrument  for  detecting  the  presence  of  metals — a 
modified  form  of  which  could  be  easily  applied  in  this  case  with  a  reason- 
able expectation  of  success.  This  instrument  consists  of  two  short  glass 
cylinders,  around  each  of  which  are  wound  two  parallel  coils  of  fine  insu- 
lated copper  wire. 

One  coil  of  each  pair  is  included  in  a  battery  circuit,  in  which  there 
is  a  clock  microphone.  The  other  pair  is  placed  In  a  closed  circuit  with  a 
receiving  telephone.  The  two  glass  cylinders,  with  their  encircling  coils, 
may  be  widely  separated. 

The  induction  set  up  in  the  secondary  or  telephone  circuit  is  balanced 
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by  the  reversal  of  one  of  the  secondary  coils,  and  so  adjusted  that  the 
induction  in  one  of  the  secondary  colls  exactly  balances  or  neutralizes  the 
Induction  in  the  other,  so  that  when  the  ear  is  applied  to  the  receiving 
telephone  no  sound  is  heard. 

Now,  by  placing  ever  so  small  a  piece  of  metal  in  one  of  the  glass  cy- 
linders, the  electrical  balance  is  disturbed  and  the  clock  on  the  microphone 
is  heard  to  tick  loudly,  thus  indicating  the  presence  of  metal,  and  the  same 
is  true  if  the  coil  be  placed  in  the  vicinity  of  a  piece  of  metal. 

It  occurred  to  me  to  try  the  effect  of  a  lead  bullet  upon  the  instrument, 
placing  it  at  dilTerent  distances,  and  separating  it  Arom  the  coil  by  insulat- 
ing material.  The  result  exceeded  my  anticipations,  as  with  a  set  of  coils 
that  were  by  no  means  sensitive  I  was  able  to  locate  the  bullet  with  the 
coils  raised  a  vertical  distance  of  nearly  two  inches.  With  more  sensitive 
apparatus  it  is  more  than  probable  that  the  bullet  might  be  located,  even 
though  distant  several  inches,  by  passing  a  pair  of  coils  over  the  Presi- 
dent's back  and  abdomen ;  and  by  comparative  tests  the  depth  of  the 
bullet  might  be  ascertained. 

GEORGE  M.  HOPKINS. 
Brookltk,  July  10,  1881. 


Note  8. —  Letter  from  Mr,  O.  M.  Hopkine  to  PrivaU  Secretary  Broton,  en- 
cloting  printed  description  of  Hughes*  Induction  BcUance. 

Office  of  the  Scientific  American,  No.  87  Park  Row, 

New  York,  July  11,  1881.  < 
Hr.  J.  Stanley  Brown, 

Execittwe  JliaTision,  Washington ,  Z>.  C. ; 

My  Dear  Sir  :  I  seod  herewith  a  full  description  of  the  Induction  Balance 
as  promised  in  my  note  of  yesterday.  I  will  send  the  apparatus  for  trial  if 
desired. 

I  am  certain  that  the  bullet  can  be  located  with  it  if  it  is  not  too  deeply 
seated. 

Please  advise  Dr.  Bliss. 

Very  respectftilly, 

GEO.  M.  HOPKINS, 

of  the  Scientific  American, 


Note  4. —  Letter  from  Mr,  Geo,  M.  Hopkins  to  Private  Secretary  Brown  ac- 
companying the  Hughes*  Induction  Balance  apparatus  he  forwarded 
to  the  Executive  Maneionfor  trial, 

60  Ikvino  Place,  July  13,  1881. 
Mr.  J.  Stanley  Brown  : 

Dear  Sir  :  I  give  below  a  few  suggestions  in  regard  to  the  use  of  the 

Indactlon  Balance  sent  herewith. 

Very  respectfully, 

GEO.  M.  HOPKINS. 
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Suggestions:  Connect  A  to  A,  B  to  B,  etc.,  as  marked  on  the  wires. 
Strength  of  current  used,  15  or  20  volts. 

A  strong  current  extends  the  influence.  Use  the  cloclc  interrupter,  and 
place  a  drop  of  mercury  in  the  vulcanite  cup  to  make  connection. 

The  coils  are  now  adjusted  to  **  silence,"  but  will  probably  have  to  be 
readjusted  on  their  arrival  in  Washington ;  as  a  rku  inch  movement  of  one 
of  the  coils  will  throw  it  out  of  adjustment,  it  will  be  seen  that  the  ad- 
justment is  a  matter  of  great  nicety.  Two  telephone  receivers  should  be 
employed,  and  the  most  acute  sense  of  hearing  is  required  to  distinguish 
the  ticking  when  the  ball  is  two  inches  distant  from  the  coils. 

The  shorter  ins^trument  is  Intended  for  application  to  the  patient  should 
it  be  considered  sufficiently  sensitive  to  warrant  the  experiment. 

As  a  preliminary  experiment  pass  the  Induction  balance  over  the  pocket 
containing  coins,  keys,  etc. ;  also  over  buttons,  buckles,  etc.,  attached  to 
the  garments. 

Lead  is  the  poorest  of  all  metals  to  locate  with  this  instrument.  If  the 
ball  were  of  iron  it  could  be  readily  fonnd^'at  a  distance  of  3  or  4  inches. 


Note  5. —  Telegram  from  Professor  Newcomb. 

ExscuTrvE  Mansion, 
Washington,  D.  C.jJuly  18, 1881. 

To  Prof.  A.  G.  Bell, 

Care  of  Chas.  Williams^  109  Court  St,,  Boston^  Mass, : 

Perhaps  small  core  for  coil  no  larger  than  bullet,  with  very  fine  wire, 
might  give  best  effect.  Shall  telegraph  to  Rowland  to  know  best  theoret- 
ical form.  Telegraph  me  or  Brown,  care  Executive  Mansion,  what  train 
yon  take. 

S.  NEWCOMB. 


Note  6. —  Telegram  from  Prof  John  Trovobridge. 

Bar  Harbor,  Maine,  July  16,  1881. 
To  Secretary  Brown, 

White  House,  Washington,  D.  C,  for  Professor  Bell : 

Make  resistance  of  secondary  coils  equal  to  telephone.  Put  large  num- 
ber of  turns  of  wire  on  primary  and  secondary  coils.  Prlfciary  coils  long 
compared  with  width.    Put  secondary  coils  around  middle  of  primary  coils. 

JOHN  TROWBRIDGE. 
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NoTS  7. —  TeUffram  and  letter  from  Profeseor  Bowland  to  Professor  Newconib. 

Hum'ER,  N.  T.,  July  14, 1881. 
To  Prof.  Sdcon  Newcomb, 

Exeevlive  Mansion,  Wcuhington,  D.  C  .* 

Telegram  Just  received.    Make  cores  foar  inches  loDg,  with  six  layers 

of  namber  twenty  wire ;  diameter  an  inch  and  one-half.    Make  outer  coll 

hair  an  inch  wide  and  half  an  inch  thick,  of  finest  wire,  and  slip  over  inner 

coil  at  its  end. 

H.  A.  ROWLAin). 

Letter  following  above  telegram, 

HuimBR,  July  14,  '81. 
Professor  Nbwcoub  : 

Dkar  Sir  :  When  your  telegram  arrived  I  had  gone  to  the  Hotel  Kaaters- 
kiU,  about  ten  miles  fh>m  here,  to  stay  over  night.  The  telegram  was  sent 
bmck  to  the  office  to  be  sent  to  me,  and  my  friends  thought  I  had  received 
it. ;  bat  the  stapid  man  here  simply  kept  it  and  would  not  send  it,  because 
h«  had  no  aathority  to  send  it  farther. 

I  have  telegraphed  back  a  reply.  The  dimensions  should  probably  be 
aboat  as  follows : 


riita 


stpaare. 


Of  course,  the  two  must  be  precisely  alike,  and  the  induction  coefficients 
of  one  should  be  made  to  vaiy  by  a  screw,  which  wotild  move  one  of  the 
secondary  coils  nearer  to  or  farther  from  the  end  of  the  primary. 

Yours  truly, 

HUNKt  A.  ROWLAND. 
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P.  8.^  For  thMe  dimeDsloiu  a  telepbona  with  many  tnnifl  of  fine  wire  in 
its  coil  woald  be  best. 


NoTB  8.—  C(mmHmieation$  with  Prof.  D.  E.  HughUt  ofLondfyn^  England. 

(a.)  Cahltgram  to  Mr.  Preeee,  Superintendent  F&ttdi  TOegraph,  London, 

England* 

WASBiNGTOir,  July  15, 1881. 

ToPRXBCKy 

London  : 

Can  Hoghes  suggest  form  of  Indaction  Balance  to  locate  leaden  bullet 
in  President?    If  so,  cable  at  my  expense. 

GRAHAM  BELL. 


(b.)  Telegng;>hic  reply  to  above. 
Whitnkt, 

Washington,  D.  C. : 

Pxeece  says  to  Orabam  Bell,  Washington :  **  Interesting  and  hopeftil 
letter  flrom  Hughes  with  diagrams  sent  you  to-day." 

W.  GBEEN, 
Pret.  West.  Union  Telegraph  Co. 


(c.)  Note  from  Mr.  Preeee  enclosing  Utter  from  Professor  Hughes. 

General  Post  Office,  London,  England,  19  July,  1881. 

Mt  Dear  Bell  :  The  enclosed  very  interesting  letter  fVom  Hughes,  will 
enable  you  to  make  some  experiments,  which  I  trust  will  result  in  success. 

Yours,  sincerely, 

W.  H.  PKBECE. 
Prof.  Alexander  Graham  Bell, 

Washington,  D.  O. 


(d.)   Professor  Hughes  to  Mr.  Preeee. 

108  Gt.  Portland  street,  W.  London,  July  18,  1881. 

Dear  Preeck  :  In  reply  to  yours  of  to-day  enclosing  telegram  ftrom  Prof. 
Graham  Bell,  I  believe  a  specially-constructed  Induction  Balance  could  be 
made  to  locate  the  leaden  bullet  in  President  Garfield,  prorided  the  ball  was 
nearer  to  one  side  of  his  body  than  the  other. 
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Suppose  we  have  two  flat  superposed  coils  on  a  single  reel,  so  that  these 
two  coUs  form  a  single  one  as  regards  their  relative  distance ;  these  colls, 
if  connected  with  the  usual  adjastlng  coils  of  my  balance,  could  be  reduced 
to  silence ;  then,  on  moving  these  coils  near  a  metallic  body,  sounds  would 
be  heard.  Thus  the  only  diiference  would  be  instead  of  as  nsual  taking 
the  metallic  body  to  the  coils  upon  a  fixed  table,  we  take  the  coils  to  a  fixed 
body  in  which  we  suppose  metal,  such  as  a  bullet,  to  be  hid. 


Now,  suppose  we  take  coil  A  and  move  it  over  a  body  with  a  bullet, 
thus: 


If  bullet  near  C,  we  should  hear  it  when  coils  Just  above  it;  at  £,  when 
the  colls  were  below;  but  if  bullet  in  the  centre  of  the  body,  then  we 
should  have  equal  or  probably  no  indications. 

All  this  could  be  most  easily  done  and  with  some  results  if  the  bullet 
had  been  of  copper  or  silver,  but  lead  has  such  a  high  resistance  and  gives, 
consequently^  very  feeble  tones. 

We  can  easily  hear  a  copper  penny  at  some  inches  distant  from  the  colls, 
but  lead  requires  that  it  should  not  be  more  than  one  or  two  inches  distant : 
consequently,  more  sensitive  coils  would  be  required  or  a  Iftrger  battery. 

I  think  the  experiment  a  hopefbl  one,  and  above  all  that  the  coils  are 
easily  made,  and  simple  experiments  could  be  first  made  to  find  a  bullet  in 
a  mass  of  cotton,  etc. 

The  microphone  is  invaluable  as  a  probe  for  bullets.  I  made  the  first 
for  Sir  Henry  Thomson  to  find  out  stone  in  bladder.  But  it  is  even  more 
applicable  to  bullets.    It  consists  of  a  simple  hammer  and  anvil  microphone 
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adjusted  upon  the  handle  of  the  ordinaty  probe.    The  instant  this  probe 

touches  any  hard  substance  a  loud  sharp  click  is  heard  in  the  telephone. 

The  smallest  shot  can  thus  be  heard,  and  there  is  a  very  distinctive  tone 

between  when  the  probe  strikes  a  bone  or  bullet.    This  Instrament  is  well 

known  to  surgeons,  so  I  need  not  say  more  about  it. 

If  you  write  to  Professor  Bell,  please  enclose  this,  as  I  should  be  pleased 

to  hear  of  his  success. 

Sincerely  yours, 

D.  E.  HUGHES. 
W.  H.  Pbeecb,  F.  B.  S. 


Note  9.—  IaUw  &om  Mr,  Charles  E.  Buell  to  CoL  Bockvfell. 

Col.  Rockwell  : 

Dear  Sir  :  Please  suggest  for  me  tliat  in  an  electrical  test  to  locate  the 

bullet  it  will  only  be  done  with  certainty  by  obtaining  a  balance,  which  can 

be  done  as  follows:    When  the  loudest  tick  is  obtained  by  placing  the 

inducing  coil  in  the  vicinity  of  the  embedded  bullet,  then  move  another 

bullet  of  equal  size  towards  the  other  coil  of  the  bridge  until  a  balance  is 

had  and  no  tick  is  audible,  when  the  embedded  bullet  will  be  known  to  be 

a  like  distance  from  its  respective  coil. 

CHARLES  £.  BUELL, 

Electrical  Engineer^  New  Haven^  Conn. 


Note  10.^  Note  from  Dr.  Chichester  A.  Bell. 

N.  Y.  Central  R.  R.,  between  Syracuse  and  Buffalo, 

JtUy  16,  18^1. 

Dear  A.  O.  B. :  If  your  colls  are  symmetrically  arranged,  should  it  not 
be  possible  to  balance  the  effect  of  a  bullet  on  one  side  by  a  bullet  placed 
in  a  corresponding  position  on  the  other? 

Probably  you  have  thought  of  this  before,  but ,  if  not,  it  may  be  worth 

a  three-cent  stamp. 

Tours,  truly, 

CHICHESTER  A.  BELL. 


KoTE  11. —  Note  and  telegram  from  Mr.  J.  H.  C.  Watts. 

Balto.,  July  21,  1881. 
Prof.  A.  GraiAm  Brll, 

1221  Conn.  Ave.,  Washington,  D.  C.  : 

Am  working  hard  at  our  problem.    Succeeded  in  reaching  AiU  three 

inches  last  night,  but  owing,  I  think,  to  my  battery  weakening  somewhat, 

can  hardly  reach  so  far  now.    Won't  you  please  advise  me  how  you  are 

getting  along,  and  oblige, 

Yours,  very  truly, 

J.  H.  C.  WATTS. 
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Tdeffram. 

Baltimore,  July  28,  1881. 
Prof.  A.  6.  Bkll, 

WashingUnij  i>.  C. : 

Hare  been  nnable  to  obtain  satisfactory  results  since  first  trial  and 

probably  yoors  Is  at  least  as  good  as  mine. 

J.  H.  C.  WATTS. 


KoTB  12.—  Letter  to  Dr,  Bli8$. 

VoLTA  Laboratory,  1221  Connecticut  avenue, 

Washington,  D.  C,  July  23,  1881. 
Dr.  Buss, 

Executive  Maruion : 

My  Dkar  Sir  :  Ton  were  kind  enough  to  snggest  that  preliminary  ez- 
periments  shoald  be  made  with  the  Induction  Balance  upon  the  person  of 
Lieutenant  Simpson,  whose  address  yon  gave  me.  I  accordingly  commu- 
nicated with  the  lieutenant,  and  he  came  to  my  laboratory  last  night  in 
company  with  Dr.  Stanton. 

The  new  instruments  we  had  hoped  to  use  were  not  complete,  so  we 
bid  to  content  onrselves  with  the  apparatus  you  tested  the  other  day. 

Upon  passing  the  colls  over  the  back  of  the  lieutenant,  it  was  found  tlmt 
vtone  spot  a  feeble  sound  made  its  appearance  —  too  feeble,  however,  to  be 
entirely  satisfactory  as  evidence  of  the  presence  of  a  ball.  I  find  that 
very  feeble  sounds  like  that  heard  are  easily  conjured  up  by  imagination 
and  expectancy,  but  the  following  facts  seem  to  indicate  that  in  this  case 
tbesoond  was  due  to  an  external  cause — probably  to  the  presence  of  a 
xery  deeply  embedded  bullet : 

1.  The  sound,  although  it  could  not  always  be  distinguished,  uniformly 
appeared,  when  audible,  at  the  same  spot. 

i.  It  was  heard  independently  by  Mr.  Tainter,  Dr.  Stanton,  and  myself 
at  the  same  spot.  (If  I  recollect  rightly,  the  lieutenant  himself  also 
located  the  sound,  but  my  father  could  hear  nothing.) 

3.  A  blindfold  test  was  then  made.  Mr.  Tainter  closed  his  eyes  and 
turned  away  while  the  coils  were  moved  over  different  parts  of  the 
licntenant's  back.  The  moment  the  sonorous  spot  was  covered  Mr. 
TalDter  declared  he  could  hear  the  sound.  We  are  to  repeat  the  experi- 
ments with  our  new  instruments  as  soon  as  they  are  completed,  and  I 
shall  report  progress. 

Tours,  truly, 

ALEXANDER  GRAHAM  BELL. 


Note  IS.—Letter  to  Dr.  Bliss. 

Washington,  July  27,  1881. 
Dr.  Buss : 

Mt  Dkak  Sir  :  Permit  me  to  make  a  few  remarks  upon  the  value  of 
the  indications  of  the  Induction  Balance  in  determining  the  location  of 
a  lead  bullet  embedded  in  the  human  body. 
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Positive  deductions  concerning  the  location  of  the  ball  can  only  be  safely 
made  from  positive  indications  of  its  presence.  Negative  indications  may 
mean  anything. 

For  Instance :  If  we  hear  a  sonnd  from  the  telephone  connected  with 
the  balance  every  time  the  exploring  coll  is  passed  over  a  certain  part  of 
the  body,  this  may  be  taken  as  proof  positive  that  a  metallic  mass  Is  to 
be  found  in  the  neighborhood  of  the  sonorous  spot.  If,  on  the  other  hand, 
we  fail  to  obtain  audible  effects,  we  are  not  entitled  to  conclude  that  the 
bullet  is  absent  trom  the  part  explored,  or  that  it  is  embedded  at  a  greater 
distance  below  the  surface  than  the  penetrating  distance  of  the  Instrument 
used,  for  the  bullet  may  be  within  any  part  of  the  area  explored  and  close 
to  the  surface  without  affecting  the  balance  if  it  is  flattened,  and  if  it  is 
so  located  that  the  plane  of  its  face  is  nearly  perpendicular  to  the  plane 
of  the  face  of  the  exploring  coil. 

A  few  words  may  not  be  out  of  place  here  concerning  the  experiment 
tnade  last  night  upon  the  person  of  the  President. 

Before  entering  the  President's  room,  I  applied  the  telephone  to  my  ear, 
and  heard  a  peculiar  spluttering  sound  which  it  was  found  impossible  to 
extinguish  by  any  adjustment  of  the  coils.  I  satisfied  myself,  however, 
that  the  arrangement  was  in  a  sensitive  condition,  by  holding  near  it  a 
flattened  bullet.  The  hearing  distance  appeared  to  be  about  four  cm. 
When  the  exploring  coil  was  passed  over  the  back  of  the  President  near 
the  spine,  no  definite  pulsation  of  the  sound  was  heard;  but  when  the 
coil  was  first  passed  over  a  portion  of  the  front  part  of  the  abdomen  near 
the  right  side,  I  heard  at  one  point  a  sharp  and  sudden  reinforcement  of 
the  sound.  Upon  moving  the  coil  backwards  and  forwards  a  number  of 
times  over  the  same  spot,  I  was  unable  to  verify  the  observation.  I 
should  state  hear  that  when  a  perfect  balance  is  not  obtained,  it  is  not 
safe  to  place  reliance  upon  a  single  observation  of  a  pulsation  in  the 
sound,  as  a  similar  effect  might  be  caused  by  an  accidental  Irregularity 
in  the  vibration  of  the  Instmment  used  to  interrupt  the  electrical  current. 

The  sound  heard  was  distinct  and  well  marked,  but  it  would  not  be  safe 
to  conclude  that  it  was  due  to  the  presence  of  the  bullet,  unless  the  effect 
could  be  reproduced  a  number  of  times  and  always  at  the  same  spot. 

I  think  I  mentioned  to  you  that  it  was  discovered  yesterday  morning 
that  the  application  of  a  tin  foil  **  condenser"  to  the  Induction  Balance 
markedly  influenced  the  hearing  distance,  increasing  it  in  our  experiments 
by  about  one  centimetre. 

A  condenser  was  therefore  connected  to  the  arrangement  used  last 
night,  but  it  has  since  been  found  that  the  condenser  was  only  connected 
to  one  side  of  the  balance,  instead  of  to  both.  This  mistake  Is  enough 
to  account  for  the  difficulty  experienced  in  adjusting  the  coils  so  as  to 
obtain  an  acoustic  balance,  and  for  the  observed  reduction  in  the  hearing 
distance. 

If  it  is  of  importance  to  locate  the  bullet  at  once,  I  would  recommend 
an  immediate  repetition  of  the  experiment  with  the  condenser  properly 
arranged. 

Whatever  other  results  might  be  obtained,  I  feel  sure  we  could,  at  all 
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events,  settle  Immediately  wkether  the  sound  I  heard  was  dae  to  the  pres- 
ence of  the  ballet  or  was  an  accidental  phenomenon. 

If  it  is  not  important  to  locate  the  ballet  at  the  present  time,  it  might 
be  well  to  postpone  a  repetition  of  the  experiment,  so  as  to  give  Mr. 
Tainter  and  myself  more  time  to  improve  onr  apparatus. 

Yoars,  truly, 

ALEXANDER  GRAHAM  BELL. 


KoTs  14.— Zetter  to  Dr.  Bliss. 

YoLTA  Laboratory,  1221  Connbcticut  aybnub, 

Washingtok,  D.  C,  •Af/ySl,  1881. 

Mt  Drab  Dr.  Bliss  :  I  write  to  let  you  know  that  my  new  form  of 
Induction  Balance  gives  brilliant  promise  of  success.  The  indications 
with  a  flattened  bullet  are  well  marked  and  distinct  at  a  distance  of  three 
inches,  and  audible  effects  can  even  be  distinguished  at  live  inches,  but 
beyond  three  inches,  silence  and  the  greatest  attention  are  requisite. 
Effects  are  produced  at  about  two  inches,  when  the  bullet  is  held  with  its 
edge  towards  the  instrument  —  a  position  that  gave  no  results  with  our 
former  apparatus. 

Altogether  I  feel  very  much  encouraged.  The  apparatus  in  its  present 
form  is  a  very  clumsy  affair,  the  surface  that  would  be  applied  to  the  per- 
son of  the  President  measuring  seven  inches  by  four.  I  hope  to  reduce 
the  size  of  the  apparatus  very  greatly  in  a  day  or  two.  In  the  meantime, 
should  any  necessity  arise  for  an  experiment  upon  the  President,  we  have 
much  better  chances  of  success  than  at  any  previous  time. 

Tours,  very  truly, 
ALEXANDER  GRAHAM  BELL. 


Note  Ih.^Lttter  to  Dr.  Bliss. 

VoLTA  Laboratory,  1221  Connbcticut  avenub, 

WASraNGTON,  D.  C,  July  81,  1881. 
Dr.  Bliss, 

Executive  Mansion: 
Dbar  Sir  :    We  have  made  experiments  this  evening  upon  the  person  of 
Private  John  McGlll,  an  old  soldier,  who  was  wounded  at  the  battle  of 
Gaines'  Mill,  in  1862,  and  who  still  carries  the  ball  that  shot  him. 

I  found  no  difficulty  In  finding  a  sonorous  spot  in  his  back,  where  un- 
doubtedly the  bullet  lies  embedded. 

Mr.  Tainter  also  located  the  bullet  In  the  same  place.  Upon  pressing 
with  the  Angers  upon  the  spot  a  lump  could  be  felt  between  two  of  the 
ribs.  We  experimented  upon  this  same  man  yesterday,  using  a  similar 
form  of  Induction  Balance  to  that  wc  tried  upon  the  person  of  the  Presi- 
dent the  other  day,  but  could  obtain  no  indications. 
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The  new  form  of  Induction  Balance  la  so  sensitive  that  a  new  difBcolty 
is  introduced  by  the  effects  produced  by  large  metallic  masses — for  in- 
stance, gas  lustres,  Iron  fire-places,  etc. 

I  think  also  that  the  earth's  magnetism  affects  the  result.  We  shall  in- 
Yestigate  these  causes  of  disturbance  to-night. 

Yours,  sincerely, 
ALEXANDER  GRAHAM  BELL. 


16.  Beport  to  the  nurgeouB  jmblisJied  in  t?ie  daily  papers  Aug,  2,  1881. 

VoLTA  Laboratory,  1221  Conn.  Ayr., 

Washington,  D.  C,  Aug.  1,  1881. 
To  the  Surgeons  in  attendance  upon  President  Garjleld : 

Gentlbmbn  :  I  beg  to  submit  for  your  information  a  brief  statement  of 
the  results  obtained  with  the  new  form  of  Induction  Balance  in  the  ex- 
periments made  this  morning  for  the  purpose  of  locating  the  bullet  in  the 
person  of  the  President.  The  instrument  was  tested  for  sensitiveness 
several  times  during  the  course  of  the  experiments,  and  it  was  found  to 
respond  well  to  the  presentation  of  a  flattened  bullet  at  a  distance  of 
about  four  inches  from  the  coils. 

When  the  exploring  coils  were  passed  over  that  part  of  the  abdomen 
where  a  sonorous  spot  was  observed  in  the  experiments  made  on  July 
26,  a  feeble  tone  was  perceived,  but  the  effect  was  audible  a  considerable 
distance  around  this  spot.  The  sounds  were  too  feeble  to  be  entirely 
satisfactoiy,  as  I  had  reason  to  expect  from  tlie  extreme  sensitiveness  of 
the  instrument  a  much  more  marked  effect.  In  order  to  ascertain  whether 
similar  soands  might  not  be  obtained  in  other  localities  I  explored  the 
whole  right  side  and  back  below  the  point  of  entrance  of  the  bullet,  but 
no  part  gave  indications  of  the  presence  of  metal,  except  an  area  of  about 
two  inches  in  diameter,  containing  within  it  the  spot  previously  found  to 
be  sonorous.  The  experiments  were  repeated  by  Mr.  Tainter,  who  ob- 
tained exactly  corresponding  results.  We  are  therefore  Justified  in  con- 
cluding that  the  ball  is  located  within  the  above-named  area. 

In  our  preliminary  experiments  we  found  that  a  bullet  like  the  one  in 
question  when  in  its  normal  shape  produced  no  audible  effect  beyond  a 
distance  of  two  and  a  half  inches,  while  the  same  bullet,  fiattened  and 
presented  with  its  face  parallel  to  the  plane  of  the  coils,  gave  indications 
up  to  a  distance  of  five  inches.  The  same  flattened  bullet,  held  with  Its 
face  perpendicular  to  the  plane  of  the  coils,  produced  no  sound  beyond  a 
distance  of  one  Inch.  The  facts  show  that,  in  ignorance  of  the  actual 
shape  and  mode  of  presentation  of  the  bullet  to  the  exploring  instrument, 
the  depth  at  which  the  bullet  lies  beneath  the  surface  cannot  be  deter- 
mined from  our  experiments. 

I  am,  gentlemen,  yours  truly, 

ALEXANDER  GRAHAM  BELL. 
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On  Sbcondakt  Battebibs.    By  Gbobob  F.  Babkbb,  of  Philadel- 
phia, Pa. 

[ABSTBACT.] 

A  8BOOKDART  battery'  is  one  which  prodaces  a  current  in 
consequence  of  a  previous  electrolytic  condensation  or  polarization 
upon  the  surfaces  of  its  plates.  Electrolytic  polarization  and  the 
production  of  a  secondary  current  by  means  of  it,  are  almost  as 
old  as  the  voltaic  battery  itself.  In  1801,  Gautherot,  having  used 
platinum  or  silver  wires  as  electrodes  in  a  solution  of  salt,  noticed 
a  momentary  inverse  current  when  the  battery  was  replaced  by  a 
galvanometer.  Bitter  observed  the  same  phenomenon  in  1803 
with  gold  wires.  He  constructed  a  secondary  battery  with  pieces 
of  gold  separated  by  cloth  disks  moistened  with  salt  water.  After 
contact  for  some  seconds  with  a  Volta's  pile  of  more  pairs  than 
itself,  it  produced  a  current  to  which  Bitter  gave  the  name  of 
secondary  current.  Platinum,  gold  and  silver,  gave  a  more  marked 
result  than  copper,  brass,  iron  or  bismuth ;  and  no  effect  at  all 
was  obtained  from  lead,  tin  or  zinc.  Fifty  disks  of  copper  sepa- 
rated by  disks  of  cloth  moistened  with  salt  or  sal  ammoniac  solu- 
tion, when  charged  with  a  Volta's  pile  of  100  pairs,  gave  a  current 
whidh  decomposed  water  and  produced  all  the  effects  of  the  pri- 
mary current.  Yolta  himself,  as  well  as  Marianini,  explained  the 
results  by  supposing  that  the  decomposition  of  the  salt  produced 
acidic  and  basic  deposits  upon  the  metal  disks;  a  view  which 
Becquerel  apparently  confirmed  by  immersing  a  platinum  plate  in 
an  acid  and  another  in  an  alkali  and  noting  that  the  current  was 
the  same  in  direction  as  the  secondary  current.  But  in  1826  De 
la  Rive  obtained  the  secondary  effect  from  platinum  plates  im- 
mersed in  dilute  sulphuric  acid ;  and  since  no  basic  or  acidic 
deposits  were  now  possible,  he  regarded  the  phenomenon  as  a 
physical  one  due  to  a  special  or  polarized  condition  of  the  plates 
themselves.  The  current  he  called  a  polarization  current.  In 
1833-4,  Faraday's  researches  on  electro-chemical  decomposition 
definitely  established  the  proportionality  of  the  current  to  the 
amount  of  electrolyte  decomposed.  He  observed  the  '*  peculiar 
state"  of  the  plates  in  his  voltameter ;  and  even  noticed  that  when 
leac^  acetate  was  electrolyzed,  metallic  lead  was  deposited  on  the 
Degative  plate  and  lead  peroxide  on  the  positive ;  bat  he  offered 
no  explanation  of  these  phenomena.     In  1842,  Grove,  following 
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out  an  observation  of  Matteucci,  constructed  a  gas  battery  in 
which  the  current  was  prodaced  fh>m  two  plates  of  platinum  im- 
mersed in  oxygen  and  hydrogen  gases  respectively.  In  1852,  C. 
W.  Siemens  used  two  carbon  plates  in  lead  acetate  solution  as  a 
secondary  battery ;  obtaining,  by  the  action  of  the  cuiTent,  lead  od 
one  of  these  plates  and  lead  peroxide  on  the  other.  One  cell  of 
this  battery  decomposed  water;  so  that  the  electromotive  force 
of  the  current  must  have  been  nearly  two  volts. 

In  1859,  Plants  began  an  elaborate  research  upon  this  secondary 
action,  studying  carefully  the  influence  of  the  metal  and  of  the  solu- 
tion employed.  The  maximum  effect  was  given  by  lead  plates 
immersed  in  dilute  sulphuric  acid  ;  and  in  1860,  he  produced  sec- 
ondary batteries  of  remarkable  power  by  rolling  two  sheets  of  lead 
together,  a  strip  of  insulating  material  being  between  them,  and 
placing  them  in  a  ten  per  cent  sulphuric  acid.  When  connected 
with  a  battery,  the  oxygen  evolved  upon  the  positive  plate  attacked 
it  and  converted  its  surface  into  peroxide ;  the  hydrogen  for  the 
most  part  escaping.  When  now  the  cun*ent  was  reversed,  the 
hydrogen  reduced  this  peroxide  to  finely  divided  metallic  lead  and 
the  oxygen  attacked  the  other  plate,  producing  peroxide.  By  such 
alternations,  the  metal  may  finally  be  corroded  to  any  depth  and 
the  amount  of  finely  divided  lead  and  peroxide  indefinitely  in- 
creased. In  Plant^'s  experiments  this  forming  process  required 
three  months.  In  1881,  Faure  brought  out  a  secondarj' battery 
in  which,  as  in  Plant^'s,  lead  plates  in  sulphuric  acid  were  employed. 
But  in  order  to  avoid  the  tedious  process  of  ^*  forming,"  in  which 
the  deposits  upon  the  plates  were  produced  by  electnc  action,  Faure 
covered  the  plates  at  the  outset  with  a  layer  of  minium  or  red  lead. 
Upon  passing  the  current,  this  red  lead  was  reduced  to  metallic 
lead  on  the  one  plate  and  oxidized  to  peroxide  on  the  other ;  thus 
producing  the  battery  charged  and  ready  for  use  in  a  single  opera- 
tion requiring  but  a  few  hours. 

The  theory  of  the  storage  of  energy  by  secondary  batteries  is 
not  difficult.  Energy  is  capacity  of  doing  work  and  work  is  force 
acting  through  distance.  Whenever  two  attracting  bodies  are 
separated  work  is  done  upon  the  system  and  energy  is  absorbed 
by  it;  and  this  whether  the  attraction  overcome  is  mechanical, 
molecular  or  atomic.  When  an  electrolyte  is  decomposed  by  an 
electric  current,  the  current  yields  energy  in  proportion  to  the 
amount  of  the  ions  separated.      The  quantity  of  lead  peroxide 
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formed  in  a  secondary  battery  represents  the  amount  of  energy 
stored  from  the  current.  So  soon,  however,  as  the  separating  force 
ceases  to  act,  the  ions  reunite  and  the  stored  energy  becomes  again 
free.  Since  the  amount  of  energy  thus  set  free,  like  that  originally 
stored  up,  is  proportional  to  the  quantity  of  matter-  concerned,  it 
18  clear  tliat  the  amount  of  electricity  obtained  fi*om  a  given  sec- 
ondary batter}'  is  proportional  to  the  amount  of  electrolytic  pro- 
dacts  deposited  upon  its  plates.  In  theory,  the  electrical  energy 
set  free  should  equal  that  originally  stored  up ;  but  in  practice 
this  result  is  never  attained. 

In  its  primary  expression  the  chemistry  of  the  secondary  battery 
is  simple.  In  the  form  made  by  Grove,  two  platinum  plates  are 
placed  in  acidulated  water.  Under  the  action  of  the  current,  oxy- 
gen is  set  free  on  one  of  these  and  hydrogen  on  the  other,^  and  the 
plates  are  said  to  be  polarized.  The  electromotive  force  between 
these  plates  is  the  sum  of  the  contact-potentials  involved.  Its 
value  is  1.45  volts  and  it  measures  the  chemical  attraction  between 
oxygen  and  hydrogen.  If  now  the  two  plates  be  connected  by  a 
wire,  the  oxygen  and  the  hydrogen  recombine  and  the  energy  of 
combination  appears  in  the  form  of  a  secondary  cuiTent.  In  gen- 
eral, however,  the  electrolytic  action  is  accompanied  by  secondary 
chemical  changes  which  render  the  phenomenon  much  more  com- 
plicated. In  the  lead  battery,  for  example,  secondary  products 
appear  at  both  electrodes.  The  ox3'gen  set  free  at  the  anode  com- 
bines with  the  lead,  the  final  product  there  being  peroxide.  The 
hydrogen  evolved  at  the  cathode  reduces  the  oxide  which  it  finds 
there  and  produces  metallic  lead.  As  before,  the  electromotive  force 
in  the  battery  is  the  sum  of  the  contact-potentials ;  and  this,  in  the 
case  of  lead  and  lead  peroxide,  is  a  little  above  two  volts.^  When 
now  the  plates  are  connected  by  a  conductor,  the  entire  process  is 
reversed.  Water  is  decomposed,  and,  since  the  immersed  portion 
of  the  plates  changes  sign  on  discharge,  the  hydrogen  now  goes  to 
the  peroxide  surface  and  oxygen  to  the  finely  divided  metallic  lead. 
The  former  is  deoxidized  to  monoxide  and  the  latter  oxidized  to 
the  same  condition.     Simultaneously,  a  current  flows  through  the 

• 

>  Undoabfeedly  the  oxygen  is  produced  by  a  aecondary  reaction. 

s  Plants  obaerres  tbat,  alter  complete  cliargingi  the  electromotiTe  force  may  rise 
abore  two  Tolts  at  the  Instant  of  removing  the  battery.  But  as  it  fiUIs  to  this  value  at 
once  on  closing  the  circuit  and  remains  so,  he  attributes  the  first  result  to  the  tempo< 
raiy  production  of  a  peroxidiaed  substance,  as  hydrogen  peroxide  or  persnlphuric  acid, 
attlie  anode. 

A.    A-  A.  8.,  VOL.  XXXI.  14 


210  ON   SEOONDART   BATTSRIBS  ; 

conductor,  the  electromotive  force  of  which  is  two  volts,  the  strength 
of  which  is  the  ratio  of  this  electromotive  force  to  the  resistances 
in  circuit,  and  the  duration  of  which  depends  upon  the  amount  of 
secondary  products  deposited  upon  the  plates  during  the  charging. 
Beside  this,  however,  another  action  takes  place  in  the  secondary 
battery  which  is  of  great  importance.  The  sulphuric  acid  in  which 
the  plates  are  immersed  attacks  both  the  peroxide  on  the  one  plate 
and  the  metallic  lead  on  the  other  and  converts  both  into  lead 
sulphate.  Moreover,  as  fast  as  the  monoxide  is  produced  by  the 
discharge  of  the  battery,  it  also  is  converted  into  sulphate.  So 
that  upon  complete  discharge,  the  plates  are  precisely  alike,  both 
being  covered  with  lead  sulphate. 

The  secondary  batteries  employed  for  experiment  were  those  of 
Plants  and  Faure.  Of  the  former  type,  two  cells  of  the  larger 
size  made  by  Breguet  were  used.  Of  the  latter,  one  cell  of  me- 
dium size  made  by  Beynier,  and  thirty-four  cells  of  the  size  ex- 
hibited at  the  Electrical  Exhibition  at  Paris,  were  experimented 
with.  The  battery  of  thirty-four  cells  was  made  in  January  under 
my  direction,^  Each  cell  consisted  of  six  plates,  each  20  by  60 
centimetres,  the  lead  being  a  millimetre  thick.  The  exposed  sur- 
face of  each  plate,  therefore,  was  nearly  0.25  of  a  square  metre, 
and  of  each  cell  about  1 .50  square  metres.  For  the  whole  battery 
the  surface  was  about  50  square  metres  (exactly  48.96).  Each 
plate  was  covered  on  both  sides  with  a  coating  of  red  lead  about 
a  millimetre  thick  made  into  a  paste  with  water.  Parchment 
paper  was  then  folded  over  the  whole,  and  over  this  a  covering  of 
felt  sewed  together  at  the  edges.  The  plates  were  then  folded 
transversely  and  each  pair  intercalated.  Heavy  lead  terminals 
were  attached  to  each  plate,  and  three  pairs  of  plates  were  placed 
in  each  box,  the  terminals  of  one  plate  of  each  pair  being  united 
together  and  flimished  with  a  connector.  The  boxes  were  lead- 
lined  and  measured  31  cm.  in  length,  25  in  depth  and  11  in  width. 
One  of  the  two  sets  of  plates  was  in  contact  with  the  lead  lining, 
the  other  was  insulated.  The  latter  was  always  made  the  positive 
end.     The  total  weight  of  a  single  cell  was  17  kilograms.'* 

>  This  battery,  as  well  as  the  cut-out,  Fig.  1,  was  made  by  Jas.  W.  Queen  ft  Co^  of 
Philadelphia. 

*  Mr.  W.  Lachlan,  the  electrical  engineer  of  the  **  Light  and  Force  Company,"  of 
New  York,  has  kindly  Airnlshed  me  the  following  figures  concerning  the  Faure  bat- 
teries of  Improved  construction  recently  imported  In  the  steamer  Labrador.  Four 
types  of  Faure  batteries  are  made  in  Paris,  called  A,  B,  C  and  D.  Type  *A  consists  of 
seven  positive  plates, each  87  X  ^^-^  cm.  and  8  mm.  tbicic,  perforated  with  holes  6  ram. 
in  diameter  10  mm.  apart,  alternated  with  seven  negative  plates  of  the  same  size,  bat 
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The  charging  current  was  generated  by  a  Gramme  machine 
whose  field  was  maintained  by  an  auxiliary  dynamo.  The  max- 
imum obtainable  electromotive  force  of  this  current  was  85  volts. 
In  general,  however,  a  much  less  electromotive  force  was  used,  suf- 
ficient only  to  give  a  current  of  fi'om  10  to  20  amperes  through  the 
thirty-four  cells  arranged  in  series.  Currents  as  high  as  45  amperes, 
however,  were  occasionally  employed.  At  the  outset,  consider- 
able difficulty  was  experienced  from  the  discharge  of  the  battery 
when  fh>m  any  accidental  cause  the  current  fell  below  the  poten- 
tial of  the  thirty-four  cells.  The  wear  of  the  brushes  of  the  aux- 
iliary dynamo  sometimes  opened  its  circuit  and  thus  destroyed  the 
magnetic  field  of  the  Gramme.    There  being  now  no  counter  elec- 

FIO.  1. 


tromotive  force  to  oppose  it,  the  secondary  battery  current  flowed 
back  through  the  machine,  discharging  the  battery  completely. 
A  simple  device  was  arranged  to  prevent  loss  of  the  charge  in 
this  way  should  the  charging  current  become  weakened.  This  de- 
vice is  represented  in  fig.  1,  where  A  is  a  coil  of  No.  10  copper 

obIj  OZ  mm.  tbtek,  and  tlmilarly  perforated.  The  te^en  positfTe  plates  weigh  16.66 
kOosrama;  the  aeTen  negative  ones  2.77  kUograms.  Tl)e  red  lead  apread  on  their  sur- 
tecea  weiglia  n.lS  kilograms,  the  two  exterior  plates  being  eovered  only  on  their  in- 
terior sorfiMses,  so  that  there  are  twenty-six  active  surfaces  in  all.  Each  plate  has  an 
electrode  7  em.  wide.  The  box  is  45  X  90  x  40  cm,  in  size,  is  pitched  throughout,  and 
weighs  with  its  cover,  10  kilograms.  The  battery  complete,  ready  for  charging,  weighs  63 
kilograms.  In  type  C  there  are  live  positive  plates  each  24  X 10  cm.,  8  mm.  thick,  and 
four  negative  plates  0.6  mm.  thick,  both  perforated  with  holes  ^  mm.  in  diameter,  and  a 
eeottmetre  apart.  The  positive  plates  weigh  7.)4  kilos,  the  negative  0.888  kilos.  Sixteen 
aurflwea  are  eovered  with  red  lead,  weighing  8.28  kilos.  The  electrodes  are  8JS  cm. 
wide.  Tlie  box  weigha  8  kiloa.,  and  the  battery  complete  20JI7  kilos.  Each  cell  of  type 
A  eontaisa,  it  ia  claimed,  when  ftiUy  charged,  875  ampere-hours  of  current  delivered 
al  an  electromotive  fbrce  of  8  volts.  Hence  it  will  ftimish,  for  example,  a  current  of 
ti  amperes  for  fifteen  hours.  Type  C  contains  190  ampere  hours.  Types  B  and  D  are 
round  eells  in  jara  of  earthenware.  The  former  weighs  35  l^ilQB.,  and  contains  225  am- 
pere^bonra;  the  latter  8  kilos,  and  contains  75. 
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wire.  Within  its  core  is  a  rod  of  iron  B,  prolonged  at  both  ends 
by  brass  rods  of  smaller  diameter,  b  and  c,  these  being  supported 
npon  rollers.  Opposite  the  end  of  one  of  these  rods  is  a  flat  spring 
S,  faced  with  platinum  and  making  contact  when  depressed  with 
a  similar  brass  strip  D,  also  faced  with  platinum.  The  course  of 
the  current  is  shown  by  the  dotted  lines.  When  the  circuit  is 
closed  between  S  and  D,  the  cuirent  traversing  the  coil  draws  the 
iron  bar  strongly  into  its  axis,  and  the  end  of  the  brass  rod 
pressing  against  8  holds  the  circuit  closed.  Should  the  cun*ent 
weaken,  the  spring  S  reacts  against  the  rod  pushing  it  back  and 
opening  the  circuit.  By  means  of  an  auxiliary  spiral  spring  £, 
the  instrument  may  be  adjusted  to  any  required  current-strength. 
It  would  seem  that  by  no  possibility  can  the  accumulated  charge 
in  the  battery  be  lost,  when  this  automatic  cut-out  is  in  circuit. 
As  now  described,  the  coil  is  of  large  wire,  and  the  entire  cur- 
rent passes  through  it.  But  a  second  form  of  it  has  been  used  in 
which  the  coil  is  made  of  finer  wire  and  is  placed  in  a  shunt  cir- 
cuit as  shown  in  fig.  3.  In  both  cases  of  course,  the  entire  current 
passes  through  the  contact  springs.^ 

After  charging,  the  current  from  the  secondary  battery  was 
used  to  maintain  seventeen  Edison  incandescent  lamps  of  the  B 
pattern.  More  frequently,  however,  the  battery  was  used  in  con- 
nection with  the  Gramme  machine.  The  source  of  power  being 
an  Otto  gas  engine  which,  at  best,  has  an  explosion  only  every 
fourth  stroke,  the  motion  appears  very  irregular  when  tested  by 
so  delicate  a  method.  As  every  explosion  increases  the  speed, 
the  higher  electromotive  force  developed  increases  for  an  instant 
the  brightness  of  *the  carbon  filament,  producing  a  marked  pulsa- 
tion in  the  light.  If  now  a  secondary  battery  of  nearly  the  same 
electromotive  force  be  placed  in  multiple  circuit  with  the  machine 
and  lamps,  it  acts  as  an  equalizer,  and  destroys  entirely  the  pul- 
sations. Figs.  2  and  3  show  the  arrangement  actually  employed,  in 
which  B  is  the  secondary  battery,  and  L  the  lamps ;  the  automatic 
cut-out  being  at  C.  When  the  circuit  is  opened  at  a,  b  and  c 
being  closed,  the  lamps  are  fed  by  the  machine  alone  ;  when  opened 
.  at  5,  a  and  c  being  closed,  by  the  battery  alone  ;  when  i^t  c,  a  and 
b  being  closed,  the  machine  charges  the  battery.  When  all 
three   are   closed,   the   lamps   are   fed  by  the  machine  and   bat- 

B  Sir  Wm.  Thomson  has  devtsed  a  polarized  cut-out  for  this  same  purpose.    Ho  ex* 
hibited  It  at  the  Vork  meeting  of  the  British  Association  in  September  last. 
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tery  together,  the  latter  acting  as  an  equalizer.  A  galvanom- 
eter inserted  at  a,  c  being  opened  and  b  closed,  indicates  the 
charging  current ;  when  c  is  closed  and  b  open,  the  discharge  cur- 
rent ;  and  when  b  and  o  are  both  closed,  the  equalizing  current. 
If  the  electromotive  force  of  the  machine-current  be  but  slightly  in 
excess  of  the  battery  current,  the  deflection  to  the  right  in  the 

FlO.  2. 


6 


aC 
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first  case  will  about  equal  that  to  the  left  in  the  second ;  so  that 
in  the  third  case  the  deflection  is  practically  zero,  not  the  least 
spark  appearing  on  opening  at  a  ;  and  this,  though  the  pulsations 
are  completely  destroyed,  the  light  being  perfectly  steady.     The 

Fig.  3. 


I 


advantf^e  of  a  much  more  agreeable  light  is  thus  secured ;  but 
in  addition  the  life  of  the  lamps  must  be  increased  by  the  use  of 
this  steadier  cuiTcnt,  as  it  has  been  shown  to  be  by  using  the  sec- 
ondary battery  alone. 

On  the  27th  of  February  the  battery  was  charged  continuously 
for  fourteen  hours,  or  until  hydrogen  was  freely  evolved  from  each 
of  the  thirty-two  cells  employed.  It  then  gave  an  electromotive 
force  of  59.S  Daniell  cells ;  or  calling  Ihe  Daniell  1.08  volts,  of 
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64.04  Tolts.  On  the  tenth  of  Jane,  the  same  thirty-two  cells  gave 
an  electromotive  force  of  56.7  Daniell's,  or  61.2  volts.  On  the 
24th  of  June,  their  electromotive  force  was  54.3  Daniells',  or  58.6 
volts.  It  may  be  assumed  then  that  the  average  electromotive  force 
of  a  single  cell  was  not  far  from  two  volts.  This  value  has  never 
been  exceeded  in  any  of  the  measurements  made,  either  on  single 
cells  or  on  groups  of  cells.  When  first  made,  the  resistance  of 
the  single  cells  was  low,  about  0.02  ohm ;  but  subsequently  the  in- 
ternal resistance  increased  considerably,  rising  even  to  twice  this 
value. 

The  chief  defect  of  the  secondary  lead  battery  is  the  local  action 
which  takes  place  in  it.  By  local  action  is  meant  any  deterioration 
in  the  efficiency  of  a  battery  which  occurs  when  it  is  left  on  open 
circuit.  This  defect  was  noticed  by  Plante,  who  says :  ^^  If  the 
lead  peroxide  deposited  on  the  positive  plate  had  no  tendency 
to  spontaneous  reduction  in  the  acidulated  water,  by  forming  a 
local  circuit  with  the  metal  that  it  covers,  the  preservation  of  the 
charge  taken  by  the  secondary  couple  should  be  indefinite.  But 
this  peroxide  is  reduced,  and  with  the  more  facility  as  the  layer 
of  it  is  thinner.  In  a  new  secondary  couple  the  charge  cannot  be 
preserved."  In  a  well  formed  baitery  he  attributes  the  preser- 
vation of  the  charge  to  a  reduction  of  the  superficial  layer  to  mo- 
noxide, which  acts  as  a  protecting  coating.  Another  local  action, 
however,  takes  place  in  this  battery  which  appears  to  be  of  more 
importance.  This  is  the  action  of  the  sulphuric  acid  upon  the  prod- 
ucts of  electrolysis.  The  finely  divided  lead  on  the  negative  plate, 
as  well  as  the  peroxide  upon  the  positive,  is  alike  converted  into 
sulphate  by  this  action.  When  the  circuit  is  closed  this  action 
is  normal;  but  it  takes  place  equally  well  when  the  circuit  as 
open.  It  is  then  abnormal  and  of  course  injurious.  The  forma- 
tion of  lead  sulphate  in  the  secondary  battei-y  has  been  studied  by 
Gladstone  and  Tribe.®  They  found  tliat  with  a  Plants  cell  the 
whole  of  the  peroxide  formed  on  charging  was  converted  into 
white  sulphate  within  seventeen  hours.  The  same  fact  was  ob- 
served with  the  Faure  battery.  So  far  however,  from  regarding 
this  formation  of  sulphate  as  wholly  injurious,  they  regard  it  as 
'•absolutely  requisite  in  order  that  the  charge  should  be  retained 
for  a  sufficient  time  to  be  practically  available."  They  believe 
that  the  insoluble  lead  sulphate  clogs  up  the  interstices  of  the 

•Nature,  XXV,  221,  401;  XXVI,2.'>1,  1882. 
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peroxide  and  after  a  while  forms  an  almost  impermeable  (sie)  coat- 
ing between  it  and  the  lead  plate ;  so  that  the  mass  of  peroxide 
which  is  in  contact  with  the  lead  plate  expends  its  energy  slowly, 
while  the  same  mass  of  peroxide,  brought  into  connection  through 
its  own  lead  plate  with  another  lead  plate  at  a  distance,  expends 
its  energy  even  through  the  sulphuric  acid,  in  a  tenth  or  a  hun- 
dredth part  of  the  time. 

My  experiments  with  the  Faure  battery  above  described  confirm 
entirely  those  of  Gladstone  and  Tribe  as  to  the  formation  of  lead 
sulphate.  In  several  cases,  the  acid  in  charged  cells  disappeared 
entirely  on  standing  so  that  the  water  was  tasteless ;  and  in  some 
instances  this  was  repeated  three  times  with  the  same  set  of  plates. 
This  action  increased  veiy  greatly  the  internal  resistance,  first  by 
replacing  the  acid  by  water  and  second  by  forming  the  higher 
resistant  sulphate.  On  examining  the  plates,  lead  sulphate  formed 
the  entire  coating  upon  both  of  them.  On  attempting  now  to  re- 
charge such  a  cell,  this  notable  increase  in  the  resistance  showed 
itself  in  the  reduced  current  transmitted  by  the  same  electromo- 
tive force.  Gradually,  however,  the  resistance  fell  and  the  current 
finally  regained  its  normal  strength.  In  one  instance,  the  charg- 
ing current  rose  from  2  amperes  to  12,  in  four  hours,  28  cells  being 
in  circuit,  arranged  in  series.  It  was  observed,  however,  that  when 
the  current  was  first  applied,  ton*ents  of  gas  were  evolved  from 
both  plates  ;  and  that  as  the  charging  process  went  on  the  oxygen 
was  first  completely  absorbed  and  then  the  hydrogen.  When  the 
charge  was  nearly  complete  the  evolution  of  hydrogen  reappeared. 
There  would  seem,  therefore,  to  be  a  very  considerable  loss  of 
energy,  due  to  the  resistance  consequent  upon  the  formation  of 
sulphate.  In  the  first  place  the  current  energy  is  wasted  as  heat 
in  the  cells ;  and  in  the  second,  a  large  portion  of  it  is  dissipated 
in  the  evolved  gases. 

Another  defect  of  considerable  magnitude  is  developed  when  a 
number  of  secondaiy  cells  is  placed  iti  series^  and  is  due  to  a 
want  of  uniformity  in  their  capacity  for  storage.  This  arises  prob- 
ably first,  from  the  difficulty  of  constructing  them  exactly  alike 
originally,  and  second,  from  the  impossibility  of  uniform  action 
among  them  on  charge  and  discharge.  The  difference  in  the  cells 
of  the  same  battery  even,  when  they  all  have  been  treated  precisely 
afike,  is  surprising.  On  the  14tli  of  June,  thirty-tWo  cells  were 
freshlv  charged,  and  the  cun*ent  strength  from  each  cell  measured 
on  a  tano'ent  galvanometer.    Eleven  cells  gave  80°  deflection  each, 
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seventeen  gave  79®  each,  one  gave  78**,  one  77°,  one  75°,  and  one 
20°.  When  seventeen  £<Hson  B  lamps  were  placed  in  circuit,  the 
discbarge  deflection  of  the  thirty-two  cells  in  series  was  G7°.  On 
the  following  day  the  battery  was  charged  again,  and,  after  an 
hour's  use  on  the  lamp  circuit,  was  again  tested.  Those  giving  a 
deflection  of  87°  were  two  ;  of  86°,  two  ;  of  84°,  two ;  of  83°,  one  ; 
of  81°,  one  ;  of  78°,  five  ;  of  77°,  two ;  of  76°,  one  ;  of  13°,  three ; 
of  11°,  one ;  of  10°,  three ;  of  8°,  one ;  of  6°,  one ;  of  5°,  three; 
of  4°,  one  ;  of  2°,  one  ;  of  1°,  one  ;  and  of  0°,  one.  Obviously,  so 
long  as  any  peroxide  is  present,  the  electromotive  force  is  constant ; 
hence  this  wide  variation  of  current  strength  must  be  attributed 
apparently  to  the  variation  of  the  resistance  in  the  different  cells. 
But  this  is  not  the  worst  aspect  of  the  matter.  If  the  discharge 
be  continued  for  a  longer  time,  some  of  the  cells  become  exhausted 
sooner  than  others,  and  are  then  charged  in  the  inverse  direction  by 
the  current  from  the  rest.  On  the  1 2th  of  June,  the  thirty-two  cells, 
after  pretty  complete  discharge,  were  measured  as  above.  Nine- 
teen cells  gave  positive  deflections  ranging  from  87°  to  5° ;  thir- 
teen gave  negative  deflections  varying  from  18°  to  1°.  Faraday 
said  of  primary  batteries  in  1834,  that  '^  weak  and  exhausted 
charges  should  never  be  used  at  the  same  time  with  strong  and 
fresh  ones  in  the  different  cells ;"  and  this  remark  is  even  more 
applicable  to  secondary  batteries,  where  this  condition  is  more  liable 
to  occur.  Not  only  does  a  dead  cell  introduce  resistance  into  the 
circuit,  but  what  is  of  more  imi)ortance,  its  reverse  polarization  in- 
troduces a  counter-electromotive  force,  so  that  every  such  cell  neu- 
tralizes another  cell,  the  dead  resistance  of  which  is  also  added  to 
the  circuit.  In  consequence,  it  is  not  safe  in  practice  to  draw  from 
a  secondary  battery  all  the  energy  it  should  be  capable  of  3'ield- 
ing,  and  in  most  cases  not  more  than  half  can  be  safely  taken  out 
of  it.  In  place  of  continuing  uniform  as  in  a  single  cell,  the 
electromotive  force  of  a  series  of  cells  begins  to  fall  when  about 
half  the  charge  which  it  ought  to  be  capable  of  yielding  has  been 
drawn  from  it.  The  practical  result  is  that  to  supply  for  lijiht- 
ing  a  definite  number  of  coulombs  of  electricity,  a  secondary  bat- 
tery of  twice  the  size  is  necessary  under  these  circumstances. 

With  reference  to  the  two  forms  of  lead  secondary  battery  de- 
vised by  Plante  and  by  Faure  respectively,  my  experiments  show 
that  while  the  electromotive  force  is  the  same  in  both,  and  while 
the  internal  resistance  and  storage  capacity  may  readily  be  made 
the  same,  yet  that  the  local  action  is  far  less  when  the  peroxide  is 
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fonned  by  the  action  of  the  current  upon  the  lead  plate  itself  than 
when  it  is  produced  from  minium  spread  upon  it.  The  rapidity 
of  the  formation  of  tlie  peroxide  is  proportional  to  the  density  of 
the  cuiTent;  but  when  rapidly  formed  it  is  tine  and  spongy.  In 
one  of  my  Plant6  cells,  the  peroxide  is  beautifully  crystalline  and 
very  hard.  Not  a  trace  of  sulphate  has  been  formed  in  it  appar- 
ently, though  it  has  been  in  use  for  six  months,  and  has  been  fre- 
quently charged  and  discharged  during  that  time.  The  necessarily 
finer  condition  of  the  peroxide  in  the  Faure  battery  would  seem  to 
predispose  it  to  a  more  considerable  local  action.  True,  the  Faure 
battery  requires  very  much  less  time  than  the  Plants  to  form  it. 
Bat  this  is  more  than  compensated  by  the  increased  permanence 
of  the  latter.  With  an  equal  storage  capacity,  as  in  M.  de  Ka- 
bath's  form  of  Plants  cell,  it  would  appear  that  in  efficiency  it  will 
surpass  the  form  devised  by  Faure. 

The  commercial  aspect  of  the  question  of  the  storage  of  elec- 
trical energy  has  recently  assumed  a  very  considerable  importance. 
But  it  is  evident  at  the  outset,  that  an  agent,  which  has  been  pro- 
duced and  then  stored,  must  cost  more  when  redelivered  than  when 
first  produced,  by  exactly  the  cost  of  the  storage ;  that  is,  suppos- 
ing there  is  no  loss  in  storing.  But  there  is  a  loss,  and  this  is 
almost  if  not  quite  one-half  of  the  energy  involved ;  as  it  would 
seera  from  the  Conservatoire  experiments  in  Paris,  among  others. 
The  first  cost  of  the  accumulators,  the  expense  of  charging  them, 
their  low  efficiency,  and  especially  their  bulk  and  weight,  must 
ever  prevent,  it  would  seem,  their  competing  successfully  with  the 
direct  use  of  the  dynamo-electric  machine,  at  least  with  any  form  of 
secondary  batteiy  3'et  devised.  For  special  uses,  however,  the 
storage  battery  has  a  high  value.  Even  if  the  cost  of  an  ampere 
of  current  produced  by  it  is  twice  as  great  as  if  produced  directly 
by  the  dynamo-machine,  this  cost  is  only  one-half  of  that  required 
to  give  the  same  current  by  any  available  form  of  primary  bat- 
tery. Where  a  strong  current  of  low  electromotive  force  is  needed, 
under  conditions  where  a  dynamo  cannot  be  emplo3'ed,  there  the 
secondary  battery  has  its  most  important  field.  Its  value  rapidly 
decreases  as  the  number  of  cells  is  multiplied,  as  when  a  high 
electromotive  force  is  needed  for  the  production  of  light.  Its 
chief  advantage  is  its  transportability ;  since  by  placing  it  near 
the  work  to  be  done,  the  loss  of  energy  on  long  conductors  is 
obviated. 
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On  modifications  of  the  Spectrum   of  Sodium  vapor  in  a 
BuNSEN  Flame.    By  Charles  S.  Hastings,  of  Baltimore,  Md. 

[ABSTRACT.] 

At  the  Boston  meeting  of  the  Association,  Prof.  Toang  de- 
scribed an  experiment,  with  a  sodium-tinted  Bansen  flame  having 
a  lime-light  behind  it,  which  in  some  respects  appeared  to  offer 
contradictions  to  the  fundamental  theory  of  specU*um  analysis. 
To  an  explanation  of  the  phenomenon  in  accordance  with  accepted 
theory  which  I  suggested  in  a  letter,  he  objected  that  it  implied 
the  existence  of  phases  which  he  had  not  observed.  To  satisfy 
my  own  mind  I  tried  a  series  of  experiments  shortly  after,  which 
presented  some  striking  results,  predicted,  it  is  true,  by  the  ex- 
planation which  I  had  entertained,  but  worth  noting. 

In  fh)nt  of  the  slit  of  the  large  spectroscope  belonging  to  the 
Johns  Hopkins  University,  was  placed  a  Bunsen  burner  with  its 
top  about  two  inches  below  the  slit.  This  gave  a  flame  seven 
inches  in  length,  hollow  for  more  than  half  its  length  and  with 
well  defined  inner  and  outer  walls.  The  dispersing  member  of  the 
spectroscope  was  a  Rutherford  grating  of  over  30,000  lines,  and 
the  observations  which  follow  were  made  in  the  spectmm  of  the 
second  oixler  with  a  magnifying  power  of  26.  This  power  was 
quite  sufficient  to  show  the  duplicity  of  63  and  64,  and  even  of  E^. 
Into  the  flame,  a  quarter  of  an  inch  below  the  level  of  the  slit, 
was  introduced  a  bead  of  fused  chloride  of  sodium  ;  a  less  volatile 
compound  would  not  yield  the  results  here  described. 

When  the  bead  was  gradually  moved  through  the  flame,  starting 
from  the  side  next  the  slit,  the  si^ectrum  underwent  a  series  of 
changes  of  which  the  typical  forms  are  given  in  the  cut  from  1  to 
10  inclusive.  Here  the  spectral  lines  are  represented  by  the 
ordinary  convention,  abscissas  representing  deviations  and  ordi- 
nates  the  corresponding  intensities.  Thus  1,5,  10  conesponding 
to  positions  where  the  bead  was  hardly  touched  .bj'  the  flame — 5 
being  in  the  centre  of  the  hollow  portion — represent  simply  two 
sharp  bright  lines ;  2,  3,  4,  G  indicate  li:ies  more  or  less  widened 
with  a  narrower  dark  central  line  ;  8  and  9  exhibit  the  lines  still 
wider,  so  that  they  may  be  more  properl>'  called  bands,  striped  by 
two  black  lines  each  ;  7  is  interesting  as  emphasizing  a  difference 
in  the  two  sodium  lines  which  arc  ordiuaril}'  so  like.    By  lowering 
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the  flame  antil  the  top  of  the  botlow  centre  was  but  just  above  the 
slit,  a  spectTum   represented  by  11,  which  may  be  regarded  aa 
a  simple  modification  of  9,  was  obtained ;  and  if,  while  in  this 
positioD,  another  bead  was  introduced  cautiously  into  the  side  of 
the  flame  and  lower  down,  the  phase  described  by  12  might  be 
obeerred.    This  form 
of  the  sodium  apec- 
tmin  at  low  temper- 
ature,   consisting    of 
eight  bright  lines  de- 
floing  six  dark  ones,  I 
have   never  had  any 
difficulty  in  reproduc- 
ing when  the  pressure 
on  the  gas  mains  was 
sufBcient   to    give    a 
good  flame. 

The  explanation  of 
these  phenomena, 
though  in  some  cases  a 
little  involved,  is  easy 
to  one  who  has  ma» 
tered  the  fundaniental 
principles  of  spectroe- 
copy. 

Perhaps  it  can  be 
given  in  the  fewest 
words  by  formulating 
certain  laws  govern- 
ing gaseous  radiation, 
viz. : 

(a)  A  gas  can  only 
prodoce  a  dark   line 

by  absorption  when  at  a  lower  temperature  than  the  source  of 
radiation. 

(6)  Even  then  it  can  produce  a  dark  line  only  when  it  exists  in 
a  siifflcinnt  abundance. 

(c)  The  brightness  of  a  speilml  line  can  be  increased  in  two 
ways,  either  by  increasing  tliu  number  of  molecules  which  send 
the  proper  vibrations  to  the  objective  of  the  oollimatoi',  or  by 
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increasing  the  temperature  of  the  gas  of  which  the  molecules  are 
a  part. 

(cf)  By  increasing  the  density  of  a  gas,  or  by  increasing  its 
temperature  at  a  constant  density  (in  other  words,  by  increasing 
the  frequency  of  molecular  impact),  its  spectral  lines  become 
broader. 

These  laws  may  be  applied  as  follows :  When  the  bead  touches 
the  flame  at  any  one  point  of  its  four  surfaces  in  line  of  axis  of 
collimator,  only  a  small  amount  of  sodium  is  volatilized,  and  this 
rare  hot  vapor  gives  well  defined  lines.  If  the  bead  is  gradually 
carried  into  the  flame  from  the  hither  side  the  vaporization  first 
goes  on  more  rapidly  and  the  denser  gas  yields  widened  lines, 
until,  when  the  bead  is  fully  enveloped  by  the  flame,  the  copious 
evolution  of  sodium  vapor  causes  it  to  overflow  the  limits  of  the 
flame  and  form  a  layer  of  cooler  vapor  between  the  hot  flame  and 
slit.  This  gives  rise  to  the  forms  2,  3, 4,  according  as  the  density 
varies  in  different  portions.  The  form  6  corresponds  to  the  case 
when  the  sodium  bead  enters  the  farther  surface  of  the  hollow 
cone  within  the  flame.  This,  as  is  well  known,  is  the  hottest 
portion  of  the  flame,  though  in  this  case  its  temperature  is  lowered 
over  the  solid  chloride  of  sodium,  the  evaporation  of  the  salt  con- 
tributing to  this  end  more  powerfully  perhaps  than  conduction ; 
thus  the  physical  conditions  are  not  essentially  dilSerent  from 
those  which  obtained  on  the  nearer  side  of  the  hollow  cone  and  6 
should  resemble  3  and  4.  As  soon  as  the  solid  is  moved  beyond 
this  position,  however,  the  conditions  are  greatly  changed,  for 
then  there  is  a  layer  of  gas  at  an  extremely  high  temperature 
between  the  slit  and  bead,  and  very  near  the  latter.  If  this  layer 
is  impregnated  with  a  small  amount  of  sodium  vapor,  we  shall 
have,  according  to  the  laws  which  have  been  formulated,  bright 
sharp'  lines  superimposed  upon  the  spectrum  of  the  colder  vapors 
beyond.  These  last,  however,  may  give  such  a  spectrum  as  3, 
whence  the  forms  7,  8,  9.  If  the  relative  importance  of  the 
hot  layer  be  increased  by  lowering  the  flame  until  the  conical 
summit  of  the  inner  mantle  is  nearly  opposite  the  slit,  form  11 
is  easily  reproduced.  Finally,  if,  with  this  spectrum  in  the  field 
of  the  spectroscope,  we  introduce  a  layer  of  rare  and  cool  vapor 
between  its  source  and  the  slit  by  means  of  a  second  bead,  the 
last  form  can  be  secured  with  little  difficulty. 
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Siemens'  Electrical  deep-sea  Thermometer.  By  J.  R.  Bartlett, 
Commander  U.  S.  Navy. 

[ABSTRACT.] 

Ths  principle  of  this  new  apparatus  for  obtaining  temperatures 
of  sea-water  below  the  surface  is  based  upon  the  variations  in 
resistance  of  metals  to  the  passage  of  an  electric  current  arising 
from  changes  of  temperature.^ 

Tlie  apparatus  was  constructed  by  Mr.  Siemens  of  London,  for 
the  U.  S.  Coast  Survey  and  placed  on  board  the  steamer  "  Blake." 
It  consists  of  2600  fathoms  of  double  insulated  cable,  which  is 
wound  on  a  large  reel  on  the  upper  deck.  To  the  end  of  this  cable 
is  attached  a  resistance  coil,  which  can  be  lowered  to  any  depth 
desired. 

The  other  ends  of  the  insulated  cable  are  brought  to  a  room  on 
the  main  deck  and  are  attached  to  a  Wheatstoue  bndge  specially 
arranged  for  this  purpose.  Another  resistance-coil  of  the  same 
material  and  resistance  as  that  lowered  into  the  sea  is  likewise 
attached  to  the  bridge.  The  latter  coil  has  an  attached  thermomet<er 
and  is  kept  in  a  copper  vessel  filled  with  water.  A  battery  of 
twelve  Leclanche's  cells  and  a  Thompson's  marine  galvanometer 
are  attached  to  the  bridge.  The  resistance-coil  at  the  end  of  the 
cable  being  lowered  into  the  sea  just  below  the  surface  and  some 
of  the  same  water  placed  in  the  copper  vessel  containing  the 
comparison-coil,  the  reflected  pencil  of  light,  when  a  current  is  sent 
into  the  bridge,  will  be  at  zero  on  the  scale,  as  under  these  condi- 
tions both  resistance-coils  are  in  the  same  temperature.  If  the  cable 
is  then  paid  out  and  the  resistance-coil  at  its  end  reaches  any  depth, 
say  100  fathoms,  where  the  temperature  is  lower,  the  pencil  of 
light  will  be  deflected  to  the  left,  when  the  circuit  is  closed.  Now,  if 
cold  water  is  added  to  that  in  the  copper  vessel  containing  the 
comparison-coil,  with  the  circuit  closed,  until  the  pencil  of  light 
comes  back  to  zero  on  the  scale,  it  is  assumed  that  the  water  around 
each  coil  is  the  same,  and  the  reading  of  the  attached  thermometer 
of  the  comparison-coil  will  give  the  temperature  at  100  fathoms, 
the  depth  to  which  the  cable  has  been  lowered.  After  taking  a 
series  of  temperatures  to  800  fathoms  in  this  way,  the  cable  was 
reeled  in,  stopping  at  intervals  for  temperatures  ;  in  this  case,  with 
circuit  closed,  the  deflection  of  light  was  to  the  right,  and  it  was 

>  A  diagram,  abowlog  arrangement  of  apparatus,  is  given  In  Jonr.  of  American  Geo- 
gnplilcaJ  Socletjy  Vol.  Ziv,  1883;  also  in  No.  20of  tlic  Proceedings  U.  S.  Naval  Institute. 
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necessary  to  raise  the  temperature  in  the  copper  vessel  until  the 
light  was  brought  to  zero  on  the  scale. 

Water  frozen  by  a  Carre  ice  machine  was  used  to  reduce  the 
temperature  of  the  deck  resistance  coil. 

Trials  were  made  in  latitude  36°  50'  N.,  longitude  74**  25'  W., 
during  a  perfect  calm,  with  smooth  sea  and  the  ship's  engine  at 
rest,  under  which  conditions  the  results  of  our  several  lowerings 
were  very  satisfactory.  Having  taken  many  thousand  deep-sea 
temperatures  with  the  Miller-Casella  thermometers,  my  confidence 
in  them  was  greatly  strengthened  when,  after  repeated  lowerings, 
their  readings  agreed  with  the  Siemens  apparatus.  Headings  can 
be  taken  with  the  latter  to  one-quarter  of  a  degree ;  but  with  the 
Miller-Casella  it  is  difficult  to  decide  on  half  a  degree. 

In  a  previous  trial  in  the  strength  of  the  Gulf  Stream,  off 
Charleston,  during  moderate  weather,  with  the  vessel  rolling  15^, 
it  was  found  very  difficult  to  read  the  galvanometer,  and  this  could 
only  be  done  when  the  engine  was  at  rest.  Under  these  trying 
circumstances,  however,  the  temperature  agreed  with  the  Miller- 
Casella.  I  give  an  example  of  a  single  lowering  off  the  Chesapeake. 


Depth  in  Fathoms. 

Surf. 

5 

10 

15 

69 
08 

20 

58 
58 

SO 

54 
64 

60 

75 

100 

150 

200 

800 

400 

Siemens  App . . 
Miller-Casella.. 

76i 
764 

764 
764 

764 

7« 

544 
534 

524 
524 

504 
604 

464 
464 

434 
4S| 

404 
404 

40 
40 

The  above  was  taken  on  August  11 ;  on  the  12th  the  Siemens 
thermometer  indicated  a  warm  stratum  of  water  between  thirty  ann 
seventy-five  fathoms ;  the  Miller-Casella  gave  only  the  maximum 
and  minimum,  and  did  not  indicate  this.  The  temperature  at 
twenty  fathoms  was  57^  with  both  thermometers,  at  thirty,  52^ ; 
but  at  fifty  fathoms  the  Siemens  thermometer  read  54^°,  while  the 
minimum  of  the  Miller-Casella  read  the  same  as  at  thirty  fathoms ; 
at  seventy-five  fathoms  the  Siemens  read  53^,  the  Miller-Casella 
still  52'' ;  at  100  fathoms  they  agreed  at  50^°.  These  observations 
were  continued  during  the  entire  day  with  always  the  same  results. 

By  lowering  the  Miller-Casella  thermometer  at  the  rate  of  200 
fathoms  per  minute  to  50  fathoms,  and  hauling  it  by  the  30  fathom 
depth  at  the  same  rate  of  speed,  the  temperature  would  read  as 
high  as  53^^. 
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Ah  iHSiBUMsirr  for  readily  producing  Low  Tempebatubes.    By 
Hbmbt  Carmichael,  of  Brunswick,  Me. 

[ABSTRACT.] 

Thb  instrament  exhibited  consists  substantially  of  three  test 
tobes  placed  within  one  another. 

The  outer  tube  is  four  centimetres  wide  and  thirty-one  centi- 
metres long.  The  middle  tube  is  of  the  same  length  and  two  and 
a  half  centimetres  wide.  Upon  it  have  been  blown  a  series  of 
enlargements  for  increasing  the  surface,  which,  however,  do  not 
preYent  a  free  passage  of  air  between  the  tubes.  The  bottom  of 
the  latter  tube  contains  numerous  perforations  which  have  been 
made  by  plunging  a  red-hot  needle  through  the  glass  already 
softened  before  a  blast  lamp.  This  tube  is  held  in  place  by  a 
robber  ring  which  makes  a  tight  joint  at  the  top,  and  by  a  suitable 
aperture  admits  an  air  current  to  the  annular  space  between  the 
tubes.     The  bottoms  of  the  tubes  are  one-half  a  centimetre  apart. 

The  third  tube  is  somewhat  longer  than  the  others  and  one  cen- 
timetre wide.  It  is  intended  to  hold  the  substance  to  be  sub- 
mitted to  a  low  temperature. 

For  producing  low  temperatures,  liquids  are  used  which  in  a 
current  of  air  blown  through  them  are  rapidly  vaporized. 

The  operation  of  the  instrument  is  as  follows :  50  c  c.  of  the 
volatile  liquid  is  introduced  in  the  middle  tube.  The  aperture 
in  the  rubber  ring  is  connected  by  flexible  tubing  with  bellows, 
and  the  air-current  thus  introduced  at  the  top  of  the  narrow  an- 
nular space  between  the  outer  and  middle  tubes  flows  to  the  bot- 
tom and  there  passing  through  the  fine  perforations  beats  the  liquid 
into  foam. 

If  ether  or  the  petroleum  distillate  ^^  gasolene"  is  used,  the 
liquid  is  quickly  reduced  to — 2d°C.  Six  grammes  of  water  placed 
in  the  inner  tube  is  speedily  frozen. 

In  conducting  this  experiment  to  save  the  tube,  it  is  important 
to  withdraw  it  before  the  water  is  congealed  to  the  centre.  The 
ice  cylinder  is  easily  shaken  out  of  the  tube  after  warming  it  in 
the  hand. 

By  substituting  more  volatile  liquids  in  the  evaporator,  lower 
temperatures  are  reached.  Seventy-flve  grammes  of  mercury  are 
almost  instantly  solidified  in  a  bath  of  sulphurous  anhydride. 

When  the  vapors  discharge4  are  undesirable  in  the  work-room. 
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they  are  conveyed  away  through  flexible  tubing  connected  with  an 
aperture  in  a  cork  ring  which  forms  there  a  joint  between  the 
middle  and  inner  tubes. 

The  effectiveness  of  this  apparatus  depends  largely  upon  the 
fact  that  the  escaping  cold  saturated  current  is  made  to  cool  the 
warm  entering  air  before  it  comes  in  contact  with  the  liquid  to  be 
evaporated. 

Whatever  moisture  is  contained  in  the  air  is  deposited  as  frost 
upon  the  middle  tube,  and  when  the  transparency  of  the  latter  is 
to  be  preserved  the  air  is  previously  dried. 

The  instrument  described  is  not  merely  for  illustrating  the  fact 
that  evaporation  is  accompanied  by  an  absorption  of  heat,  but  is 
intended  as  a  convenient  means  of  securing  for  a  short  or  long 
period  the  low  temperatures  necessary  in  man}"  physical  and  chem- 
ical researches. 

By  a  slight  change  in  its  construction,  the  perforations  are 
placed  above  the  bottom,  and  the  region  of  intense  cold  remains 
free  from  the  foam  that  might  otherwise  interfere  with  the  direct 
observation  of  phenomena  at  the  bottom  of  the  middle  tube. 


Upon  a  proposed  method  of  puoducing  Artificial  Respira- 
tion BY  MEANS  OF  A   VaOUUM  JaCKET.      By  ALEXANDER  Gra- 

HAM  Bell,  of  Washington,  D.  C. 

[ABSTRACT.] 

I  propose  to  surround  the  waist  of  the  unconscious  patient  by 
a  rigid  jacket  or  drum  somewhat  larger  in  diameter  than  his  body. 
The  apparatus  can  be  rendered  practically  air-tight  by  a  rubber 
band  round  the  thorax,  and  another  round  the  loins.  Upon  ex- 
hausting the  air  inside  the  drum  a  partial  vacuum  is  pi*oduced 
around  the  abdomen.  Under  such  circumstances  the  pressure  of 
the  atmosphere  forces  air  through  the  mouth  and  nose  into  the 
thorax  causing  the  depression  of  the  diaphragm  and  consequent 
expansion  of  the  abdomen. 

The  alternate  rarefaction  and  condensation  of  the  air  confined 
around  the  abdomen  thus  cause  alternate  inspiration  and  expira- 
tion. 
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Badiaht  JIsat  an  exception  to  the  Second  law  of  thbrmo- 
DTKAMics.     By  H.  T.  Eddt,  of  Cincinnati,  O. 

[ABBTBACr.] 

This  paper  attempts  to  show  that  the  second  law  of  thermody- 
namics mast  receive  some  modification  in  the  case  of  radiant  heat, 
by  reason  of  the  fact  that  heat  is  not  propagated  through  space 
instantaneously. 
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Dangers  from  lightnino  increased  bt  telegraph  wires.     By 
Stephen  S.  Haight,  of  West  Farms,  N.  J. 

Atomic   phtllotaxt.    By  Piiny  Earl  Chase,  of  Philadelphia,  Pa. 

The  tension  op  the  luminiferous  ether.    By  De  Volson  Wood. 

The  forcs  of   diffusion  of   the  gases   forming  the  atmos- 
PHSBK.    By  George  lies,  of  Montreal,  Canada. 

*The  color  of  the  sun.    By  S.  P.  Langley,  of  Alleghany,  Pa. 

^Electric  induction  by  stress.    By  S.  W.  Robinson,  of  Colum- 
bus, Ohio. 

*A  NEW  soil-thermombter.    By  D.  p.  Penhallow,  of  Mountain- 
ville,  N.  Y. 

*0n  temperature  of  the  sun.      By  A.  E.  Dolbear,  of  College 
Hill,  Mass. 

On  the  telephone  as  an  explorer  in  an  electric  field.    By 
A.  E.  Dolbear,  of  College  Hill,  Mass. 

*0n  the  character  of  heat.    By  A.  E.   Dolbear,  of  College 
Hill,  Mass. 

•Tbe  iwpera  thus  marked  were  only  read  by  title  owing  to  tbe  absence  of  the  authors 
when  the  papers  mm  called.  • 
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On  electrical  conduction  verstis  induction.  By  A.  £.  Dol- 
bear,  of  College  Hill,  Mass. 

On  telegraphing  without  wires.  By  A.  E.  Dolbear,  of  College 
Hill,  Mass. 

On  the  constitution  op  magnets.  By  A.  E.  Dolbear,  of  Col- 
lege Hill,  Mass. 

On  vortex  ring  phenomena.  By  A.  E.  Dolbear,  of  College 
Hill,  Mass. 

Exhibition  of  a  simple  and  inexpensive  comparator  for 
measuring  distances  between  the  limits  of  1  mm.  and  1 
DM.     By  William  A.  Rogers,  of  Cambridge,  Mass. 

Experimental  determination  of  the  limits  of  accuracy  in 

MEASUREMENTS  BT  THE  SENSE  OF  FEELING.       By  W.  A.  RogerS, 

of  Cambridge,  Mass. 

Determination  of  the  relation: —  metre  des  Archives  = 
Imperial  tard  -|-  3.87015  inches.  By  W.  A.  Rogers,  of 
Cambridge,  Mass. 

Note  on  the  appearance  of  a  halo  on  the  evening  of  Au- 
gust 4,  1882.    By  James  D.  Warner,  of  Brooklyn,  N.   Y. 

On  some  phenomena  of  diffraction  due  to  the  shape  of  the 
SOURCE  OF  LIGHT.    By  Brown  Ayers,  of  New  Orleans,  La. 

The  influence  of  the  phases  of  harmonics  on  the  timbre  of 
SOUND.    By  Rudolph  Koenig,  of  Paris,  France. 

On  the  reduction  of  the  electrical  resistance  of  the 
carbon  button  bt  the  passage  of  an  electric  current. 
By  T.  C.  Mendenhall,  of  Columbus,  Ohio. 

Concave  gratings  for  use  in  spectroscopic  work.  By  H.  A. 
Rowland,  of  Baltimore,  Md. 

On  the  "rotational  coefficient"  in  gold,  iron,  etc.  By 
Edwin  H.  Hall,  of  Cambridge,  Mass. 

On  the  diatonic  scales  obtained  in  the  chromatic  scales 
of  equal  tebfperament  of  twelve,  nineteen  and  thirtt- 
one  tones  in  the  octave,  with  exhibition  of  novel  scale- 
indicator  and  corresponding  keyboard.  by  p.  h.  van 
der  Weyde,  of  New  York,  N.  Y. 


SECTION    O. 


CHEMISTRY 


ADDRESS 


BT 


H.   CARRINGTON  BOLTON, 


VICE  PHESIOENT,  SECTION  C. 


Fellow  Members  of  the  Chemical  Section; 

Ladies  and  Gentlemen : — 

The  recognition  by  the  Association  of  tlie  equal  rights  of  chem- 
ical science  and  the  elevation  of  the  late  ^'  Permanent  Subsection  " 
to  the  dignity  of  a  ^^Section  of  Chemistry,"  now  assembled  for  the 
first  time,  xuark  an  important  epoch  in  the  annals  of  our  organ- 
ization. Permit  me  to  offer  congratulations  on  our  promotion  and 
to  express  my  high  appreciation  of  the  honor  of  presiding  over 
your  deliberations. 

The  Permanent  Subsection  of  Chemistry  was  organized  at  the 
Hartford  meeting  of  the  Association  in  1874.  It  had  its  origin  in 
the  action  of  a  number  of  chemists  assembled  at  Nortliumberland 
in  August  of  the  same  year  to  commemorate  Pi'iestley's  discovery 
of  Oxygen.  At  that  memorable  gathering  a  discussion  of  tlie 
advantages  of  forming  an  independent  organization  in  the  interests 
of  chemistry  led  to  tlie  appointment  of  a  committee*  *Ho  co- 
operate with  the  American  Association  for  tlie  Advancement  of 
Science  at  their  next  meeting,  to  the  end  of  establishing  a  chem- 
ical section  on  a  firmer  basis." 

This  committee  met  at  Hartford  a  few  weeks  later  and  united 
with  the  chemical  meml)ers  of  the  Association  in  founding  a  Per- 

*Thc  committee  coobisted  of  Profs.  Silliman,  Smith,  Horsford,  Hunt  and  Bolton. 
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manent  Subsection  in  accordance  witli  tbe  provisions  of  the  new 
constitution  adopted  at  tbe  same  meeting.  Meetings  of  the  sub- 
section were  held  on  two  days  and  arrangements  were  made  for  its 
permanent  organization.  In  the  following  year  tbe  Association 
met  at  Detroit  and  tlie  Subsection  re- assembled  under  the  chair- 
manship of  Prof.  S.  W.  Johnson.  Before  adjourning  tbe  section 
elected  Prof.  Geo.  F.  Barker  chairman  for  tbe  ensuing  year  and 
passed  a  resolution  requesting  the  chairman-elect  to  prepare  an 
address.  This  was  the  origin  of  tbe  custom  wbich  it  is  my  pleasant 
duty  to  follow.  Professor  Barker  accepted  tbe  task  and  his  masterly 
essay  on  the  Atom  and  tbe  Molecule  (1876)  is  remembered  by 
many  in  tbis  audience.  Since  then  Prof.  F.  W.  Clarke  (1878)  has 
urged  in  your  hearing  the  endowment  of  laboratories  of  research ; 
Prof.  Ira  Remsen  (1879)  has  magnified  the  claims  of  bis  chosen 
field  of  investigation  —  organic  chemistry;  and  Prof.  J.  M.  Ord- 
way  (1880)  has  gracefully  surveyed  the  experiences  of  the  past, 
tbe  needs  of  the  present  and  tbe  prospects  of  tbe  future  of  chem- 
istry. 

The  amendments  to  the  Constitution,  adopted  by  the  Association 
at  the  Cincinnati  meeting,  provide,  as  you  are  aware,  for  nine  sec- 
tions, each  with  its  own  presiding  ofilcer ;  since  this  may  involve 
an  equal  number  of  annual  addresses,  it  is  hardly  to  be  expected 
that  each  will  maintain  tbe  elaborate  character  of  tbose  of  former 
years. 

I  ask  you  therefore  to  bear  this  fact  in  mind  while  I  invite  yoor 
attention  to  a  rather  superficial  survey  of 

CHEMICAL  LITERATURE. 

Tbe  literature  of  chemistry,  extending  as  it  does  through  a  period 
of  more  than  fourteen  centuries,  varies  greatly  in  character,  in 
province  and  in  design ;  it  partakes  of  the  peculiar  phases  exhibit* 
ed  by  tbe  science  at  different  epocbs  and  depicts  the  experiences 
and  tbougbts  of  those  who  cultivated  it  in  all  ages.  It  may  be 
studied  from  several  points  of  view :  tbe  biographer  searches  the 
voluminous  records  to  acquire  knowledge  of  the  intellectual  activ- 
ity of  individuals ;  the  historian  unfolds  the  progress  made  by  tbe 
science  in  a  special  field  or  in  its  entirety,  with  philosophical  in- 
quiries respecting  effects  and  causes ;  tbe  bibliographer,  scarcely 
penetrating  beyond  tbe  title  pages  of  the  dusty  tomes,  laboriously 
catalogues  them  to  facilitate  the  researches  of  others. 
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We  do  not  propose  to  give  you  a  biographical,  an  historical  or 
a  bibliographical  treatise,  but  rather  to  review  chemical  writings 
as  sources  of  information  and  as  portions  of  the  worid*s  literary 
productions.  We  shall  concern  ourselves  less  with  the  questions 
what  were  the  personal  history  and  life-work  of  a  given  author, 
and  more  with  the  queries  what  are  the  characteristics  of  the  vari* 
ons  classes  of  works  at  different  epochs,  what  discoveries  do  they 
chronicle  and  what  was  their  influence  on  the  contemporaneous 
science. 

The  very  earliest  information  concerning  chemical  arts  comes 
to  us  from  that  ancient  nation  supposed  by  some  to  have  given  its 
own  name  to  the  science  itself ;  not  only  do  the  sculptured  tombs 
and  temples  of  Egypt  portray  with  unimpeachable  authenticity 
and  wonderful  accuracy  the  technical  skill  of  that  venerable  peo- 
ple, but  these  same  monuments  are  even  now  relinquishing  their 
hold  on  long-buried  treasures  in  the  form  of  papyri,  whose  perplex- 
ing script  no  longer  conceals  their  meaning  from  the  erudition  of 
Egyptologists. 

Of  these  miraculously  preserved  papyri  the  most  valuable  to 
chemistry  is  that  discovered  by  Prof.  George  Ebers  at  Thebes  in 
1872,  and  named  after  its  learned  discoverer.  We  have  described 
this  elsewhere  ^  and  shall  not  here  enter  into  details.  It  is  the 
most  ancient  medical  work  extant,  being  assigned  to  the  sixteenth 
century  B.  C,  and  contains  a  vast  amount  of  information  on  tbe 
medical  practice  and  the  pharmaceutical  preparations  at  that  re- 
mote period.  The  unknown  author  wrote  less  obscurely  than  many 
of  a  much  later  date,  and  when  the  whole  papyrus  shall  have  been 
deciphered  it  will  prove  an  invaluable  contribution  to  chemical 
history. 

The  most  ancient  manuscript  treating  exclusively  of  chemical 
operations  is  a  Greek  papyrus  of  Egyptian  origin  preserved  in  the 
Library  of  the  University  of  Leyden.  Its  authorship  is  unknown, 
its  date  is  placed  by  Beuvens  in  the  third  or  fourth  century  A.  D. 
This  MS.  consists  of  a  collection  of  prescriptions  and  receipts  for 
conducting  various  operations  in  metallic  chemistry,  such  as  the 
testing  of  gold  and  silver ;  the  purification  of  lead ,  of  tin  and  of 
silver;  the  hardening  of  tin  and  of  silver  ;  the  albification  of  cop- 
per, etc.  It  deals  little  with  alchemy  though  some  of  the  receipts 
evidently  refer  to  transmutations,  as  those  entitled :  ^Hhe  prepara- 
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tion  (artificial?)  of  silver;"  *'the  preparation  of  gold;"  "the  pu- 
rification of  tin  by  silver,"  etc. 

Reference  is  made  to  sandaraoh  (realgar),  cadmia  (zinc  ore), 
chrysocolia,  cinnabar,  natron  (soda),  mercury  and  other  chemical 
substances,  but  no  receipts  are  given  for  their  preparation.  The 
author  quotes  from  the  Materia  Mcdica  of  Dioscorides  who  prob- 
ably preceded  him  by  about  two  centuries.  It  is  to  be  regretted 
that  the  full  text  of  this  ancient  manuscript  has  never  been  pub- 
lished ;  the  little  known  of  it  foreshadows  information  of  great  in- 
terest.^ 

The  great  libraries  of  Paris,  Borne,  Venice,  Milan,  Escurial, 
Cracow,  Gotha,  Munich  and  Cologne  preserve  a  large  number  of 
Greek  alchemical  manuscripts  of  unknown  authorship  and  uncer- 
tain date.  Hoefer,  the  French  historian  of  chemistry,  refers  them 
to  the  third  and  fourth  centuries,^  but  other  authorities  with  greater 
probability  place  them  not  earlier  than  the  tenth  and  eleventh.^ 

Tbe  most  celebrated  of  these  essays  are  attributed  to  Zosimus, 
of  whose  history  nothing  is  certainly  known,  and  bear  these  titles : 
*^  On  Furnaces  and  Chemical  Instruments,"  "  On  the  Virtue  and 
Composition  of  Waters,"  *'0n  the  Holy  Water,"  *'Onthe  Sacred 
Art  of  Making  Gold  and  Silver."  In  a  treatise  attributed  to  Sy- 
nesius,  we  find  a  description  of  a  hydroscopium  or  hydrometer 
which  was  rediscovered  as  long  after  as  the  sixteenth  century. 

In  a  treatise  attributed  to  Olympiodorus,  he  cites  as  authorities 
Dcmociitus,  Anaximauder,  Zosimus,  Pelagius,  and  Marie  a  certain 
Jewess  whom  the  later  alchemists  confounded  with  Miriam,  Moses' 
sister. 

In  these  manuscripts  chemistry  is  called  the  '^sacred  art"  and 
the  exceedingly  obscure  and  figurative  language  in  which  they  are 
written  makes  it  well  nigh  impossible  to  separate  fact  from  fancy ; 
Hoefer  has  indeed  attempted  to  discover  modern  chemical  concep- 
tions in  the  allusions  to  Egyptian  myths  and  the  chaotic  collec- 
tions of  spagyric  arcana. 

Of  systematic  nomenclature  there  is  absolutely  no  trace ;  indeed 
each  author  seems  to  have  aimed  to  write  treatises  intelligible  only 
to  himself,  and  we  greatly  doubt  his  success  in  even  this  re- 
spect. "  Cadmia,"  we  are  informed,  *'  is  magnesia,"  and  "  magnesia 
is  the  female  antimony  of  Macedonia;"  ^^ nitre  is  white  sulphur 

« 

which  produces  brass ;"  equally  clear  is  the  statement  that  the 
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'^  apospermatism  of  the  dragon  is  the  mercury  of  CLnabarn.^ 
That  lexicons  were  early  in  demand  is  not  surprising ;  in  fact  some 
of  the  most  ancient  MSS.  are  ^^vocabularies  of  the  sacred  art," 
bat  even  with  their  assistance  it  is  diflScult  to  form  satisfactory 
concepts  of  contemporary  chemical  science. 

Suidas,^  a  Greek  lexicographer  of  the  eleventh  century,  states 
that  Diocletian  having  conquered  the  rebellious  Egyptians  (296 
A.  D.)  destroyed  their  books  on  the  preparation  of  silver  and 
gold,  lest  becoming  rich  by  the  practice  of  that  art  they  might 
again  resist  the  Romans.  Regrets  at  the  wanton  acts  of  this 
imperial  biblioolast  are  tempered  by  the  reflection  that  modern 
scholars  are  spared  the  study  of  such  literary  absurdities. 

The  Chinese,  that  curious  people  who  always  claim  a  hearing 
when  the  origin  or  antiquity  of  arts  and  sciences  is  under  consid- 
eration, wore  acquainted  at  a  very  remote  period  with  many 
branches  of  chemical  technology.  We  do  not  know  of  any  special 
chemical  literature  produced  by  them,  but  the  researches  of  Rev. 
Joseph  Edkins*  and  of  Dr.  W.  A.  P.  Martin  ^  make  it  highly 
probable  that  scholars  will  yet  discover  contributions  of  no  small 
importance  to  the  early  history  of  chemistry.  Prof.  George  Glad- 
stone^ has  endeavored  to  show  that  the  Chinese  originated  the 
doctrines  and  pursuit  of  alchemy  and  communicated  it  to  the  Ara- 
bians by  whom  it  was  disseminated  throughout  Europe. 

The  high  state  of  civilization  and  extraordinary  intellectual  de- 
velopment of  the  Arabians  has  left  a  deep  impression  on  chemical 
science.  Cultivated  chiefly  by  physicians,  attention  was  directed 
to  its  pharmaceutical  applications,  and  in  spite  of  the  prohibitions 
of  the  Koran  to  the  fascinations  of  alchemy.  Of  their  extant 
writings,  preserved  in  European  libraries,  only  a  portion  have  been 
edited ;  those  best  known  partake  of  the  poetical  image r^'^  and  hy- 
perbole characteristic  of  the  Oriental  mind.  This  is  shown  to  some 
extent  in  the  singular  titles  prefixed  to  their  treatises,  e.  ,gr.,  '^The 
Rise  of  the  Moon  under  the  Auspices  of  Golden  Particles,"  by 
the  alchemist  Dschildegi ;  *' A  poem  in  the  Praise  of  God,  of  Ma- 
homet and  of  Alchemy,"  by  Dul-nun-el-Misri.® 

The  well  known  treatises  of  Geber,*<^"Of  the  Investigation 
of  Perfection,"  "Of  the  Sum  of  Perfection,"  "Of  the  Invention  of 
Verity,*'  and  *'Of  Furnaces,"  notwithstanding  a  bewildering  style 
of  composition,  which  seems  to  confirm  Dr.  Johnson's  derivation  of 
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gibberish,  from  Geber,  display  very  great  familiarity  with  a  lai^e 
number  of  chemical  substances  and  operations. 

Geber's  works  are  generally  assigned  to  the  eighth  century 
and  consist  chiefly  of  compilations  from  the  ^^  Books  of  the  An- 
cients ;"  he  mentions  no  author  by  name.  They  contain  chapters 
devoted  to  the  seven  known  metals,  to  the  methods  of  distil- 
lation, calcination,  cupellation  and  other  operations,  to  the  prep- 
aration of  saline  substances  and  to  chemical  philosophy.  Geber 
adopted  Aristotle's  views  of  the  constitution  of  matter  from  four 
principles,  the  hot  and  cold,  the  wet  and  the  dry,  and  adds  thereto : 
^'Mercury  and  sulphur  are  the  components  of  metals,"  a  doctrine 
which  with  slight  modifications  prevailed  for  more  than  eight  cen- 
turies. Geber  describes  the  preparation  of  nitric  acid,  of  aqua 
regia,  and  of  mercuric  oxide  ;  he  mentions  the  increase  in  weight 
of  metals  when  calcined  with  sulphur,  and  gives  the  results  of  a  rude 
quantitative  analysis  of  crude  sulphur.  He  constantly  maintains 
the  doctrine  of  transmutation  of  metals  and  gives  a  refutation  of 
the  ingenious  arguments  opposed  thereto.  His  remarks  on  the 
qualifications  of  a  chemist  are  most  intelligent  and  are  not  inop- 
portune in  modern  times ;  he  urges  the  necessity  of  diligence, 
patience,  learning,  a  temperate  disposition,  slowness  to  anger,  and 
a  full  purse,  ^'  for  this  science  agrees  not  well  with  a  man  [K>or  and 
indigent,  "  together  with  faith  in  the  God  who ''  withholds  or  gives 
to  whom  he  will "  the  secrets  of  nature,  and  who  will  infallibly 
punish  the  foolish  meddler  with  magical  mysteries. 

To  detail  fully  our  obligations  to  Arabian  chemists  is  no  part  of 
our  plan.  They  have  left  an  indelible  impression  on  the  very  lan- 
guage of  the  science,  in  the  words  alcohol,  alembic,  alkali,  borax, 
and  many  others.  All  honor  to  the  intelligent  authors  who  a  thou- 
sand years  ago  defined  chemistry  as  the  *'  Science  of  Combustion, 
the  Science  of  Weight,  the  Science  of  the  Balance  1 "  ^^ 

In  the  middle  ages  intellectual  activity  was  confined  largely  to 
the  clergy,  who  controlled  the  schools  of  learning,  the  libraries, 
and  nearly  all  sources  of  knowledge.  University  chairs  were  oc- 
cupied exclusively  by  clerical  professors^*,  literature  and  science 
were  cast  in  ecclesiastical  moulds.  Scientific  treatises  were  the 
production  of  monks  and  emanated  from  cloisters.  Many  distin- 
guished philosophers  mastered  widely  separated  branches  of  learn- 
ing: among  these  were  Alain  de  Lille  (b.  1114),  celebrated  as  a 
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physician,  theologian,  poet  and  historian,  who  filled  the  episcopal 
chair  at  Auxerre ;  Roger  Bacon  (b.  1214)  an  English  cordelier ; 
Raymond  Lully  (b.  1235),  a  Franciscan  friar,  and  Albertus  Mag- 
nus (b.  1193),  Bishop  of  Ratisbon.  The  latter,  amid  the  monoto- 
nous routine  of  a  Dominican  monastery,  found  leisure  to  distinguish 
himself  in  astronomy,  medicine,  alchemy  and,  according  to  his  ene- 
mies, in  necromancy.  At  this  remote  period,  accusations  of  dealing 
with  magic  were  not  unfrequently  made  against  those  whose  learn- 
ing and  skill  in  exi)erimental  sciences  excited  envy  and  supersti- 
tions zeal.i' 

To  treat  the  writings  of  these  eminent  ecclesiastics  as  a  part  of 
chemical  literature  requires  perhaps  a  stretch  of  the  imagination, 
yet  three  hundred  years  ago  they  were  regarded  as  masterpieces 
of  the  science  and  formed  the  text-books  of  students  of  alchemy. 
The  writings  of  these  ecclesiastical  philosophers  are  as  comprehen- 
sive as  the  branches  of  learning  they  cultivated,  and  incredibly 
Tolominous ;  Albertus  Magnus' collected  works  fill  twenty-one  folio 
volnmes.^^  But  a  small  fraction  of  these  treatises  are  occupied 
with  science  and  chemistry ;  and  of  this  fraction  there  is  in  many 
cases  a  reasonable  doubt  as  to  their  authenticity.  In  fact^  nothing 
was  more  common  than  the  ascription  of  work  by  an  obscure 
second-rate  writer  to  some  celebrated  philosopher  of  preceding 
ages,  in  order  to  give  the  work  the  stamp  of  authority, — a  decep- 
tion which  previous  to  the  invention  of  printing  was  more  readily 
acoomplished. 

It  became  difficult  therefore  to  distinguish  the  apocryphal  writings 
from  the  genuine.  The  former,  it  is  true,  frequently  betray  them- 
selves by  anachronisms  and  other  blunders,  but  many  ingenious  wri- 
ters avoided  such  traps  by  adopting  an  enigmatical  style  worthy  of 
the  Delphian  oracles. 

Basil  Valentine  was  the  reputed  author  of  works  held  in  the  very 
highest  esteem  by  the  alchemists  of  the  Middle  Ages,  yet  the  very 
existence  of  this  individual  is  seriously  questioned.  Mystery 
surrounds  Valentine's  entire  history,  and  his  writings  were  given 
to  the  wdrld  in  a  most  dramatic  manner ;  according  to  tradition 
they  were  hidden  in  the  wall  of  a  church  at  Erfurt  and  long  after 
his  death  a  thunderbolt  shattered  the  wall  and  revealed  the 
precious  documents. 

Whether  Valentine  was  a  real  personage  or  not  the  works  as- 
cribed to  him  exhibit  great  familiarity  with  many  chemical  sub- 
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stances  and  operations,  though  the  obscure  and  incoherent  style 
renders  their  intelligent  perusal  very  difficult. 

Valentine's  celebrated  "Chariot  of  Antimony,"^*  extolling  the 
medical  virtues  of  this  metal,  is  perhaps  the  least  obscure  of  his 
works;  the  "Twelve  Keys  of  Philosophy"*^  with  its  singular 
plates,  one  of  the  most  unintelligible ;  yet  beneath  the  extrava- 
gant jargon  characteristic  of  the  period,  glimpses  are  obtained  of 
light  and  intelligence.  The  latter  work  presents  clearly  the  theory 
that  all  metals  are  compounded  of  three  principles :  fixedness,  me- 
tallicity  and  volatilit}',  represented  respectively  by  salt,  mercury 
and  sulphur,  an  hypothesis  which  long  completely  controlled  chem- 
istry until  it  gave  place  to  the  seductive  theory  of  Phlogiston.  It  is 
uncertain  whether  the  works  ascribed  to  Valentine  were  first  writ- 
ten in  Latin  or  in  German  ;  his  writings  were  collected  in  the  sev- 
enteenth century  and  h&ve  been  through  many  editions.*^  Several 
of  his  treatises  have  been  translated  into  £nglish  and  into  French.*^ 

In  the  fifteenth  century  the  newly  invented  printing  press  was 
employed  in  the  production  of  few  works  which  can  be  regarded  as 
chemical,  and  these  were  chiefly  confined  to  isolated  treatises  of 
the  ancient  philosophers ;  in  the  sixteenth  century  the  alchemists 
began  to  publish  the  results  of  their  industry  and  speculations,  and 
in  the  succeeding  century  a  prodigious  number  of  alchemical  works 
were  issued  in  Grermany,  Fr^ince  and  England,  creating  literature  of 
an  extraordinary  type. 

Some  of  these  treatises,  which  are  numbered  by  thousands,  record 
valuable  experiments  made  by  enthusiasts  seeking  the  philosopher's 
stone,  but  the  majority  contain  "a  crude  mass  of  incoherent  prop- 
ositions and  wild  assertions,  a  mixture  of  poesy  and  insanity,  in 
which  all  logical  ideas  are  lost  amidst  the  stilted  phraseology,  but 
through  which  breathed  a  blind  yet  fervent  faith."  **  Great  obscu- 
rity of  style  ^0;  an  enigmatical  method  of  naming  chemical  sub- 
stances which  found  its  highest  development  in  the  use  of  arbitrary 
symbols  and  the  pictorial  representations  of  alchemical  processes^* ; 
the  intimate  association  with  astrology ;  the  honest  or  affected 
intermingling  of  pious  comments  and  prayers^ ;  the  exfravagant 
claims  to  antiquity  as  respects  authorship  and  processes^  ;  the  at- 
tempts to  interpret  the  mytholog}-  of  Egypt  and  Greece  on  an  al- 
chemical basis  ;  the  endeavor  to  associate  the  m3^sterie8  of  Hermes 
with  the  sacred  truths  of  the  Christian  rcligion^^, —  all  combine  to 
produce  literary  monstrosities  as  fascinating  to  the  student  of  chera- 
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ical  history  as  they  are  profitless  to  the  practical  worker  in  modern 
science. 

Among  the  fabuloas  writings,  highly  esteemed  by  the  credulous 
alchemists,  may  be  mentioned  the  celebrated  inscription  of  Hermes 
Trismegistus  upon  an  £merald  Tablet^,  the  Golden  Leaves  of 
Abraham,  Jew  Frjnce,  Priest,  Levite,  Astrologer  and  Philosopher, 
which  in  the  hands  of  Nicolas  Flamel^  yielded  such  a  rich  harvest, 
the  Practical  Chemistry  of  Miriam  the  sister  of  Moses^^,  and  a 
multitude  of  grotesque  writings  ascribed  to  personages  of  known 
reputation.  Raymond  Lully  is  credited  with  five  hundred  works ; 
Hermes  Trismegistus,  the  mythical  Father  of  Sciences,  with  several 
thousand. 

Many  of  the  alchemical  works  published  during  the  period  of 
which  we  speak  are  degraded  by  admixture  of  the  contemporaneous 
pseudo-sciences,  judicial  astrology  and  mi^ic.  To  this  class  belong 
the  celebrated  works  of  Dr.  Fludd  and  the  writings  of  the  Rosicrus- 
ciaoa ;  excluding  these  as  wholly  beneath  our  consideration  the 
number  of  occult  works  on  alchemy  is  still  very  large.  We  imag- 
ine it  will  be  hard  to  discover  in  the  whole  range  of  literature  writ- 
ings having  scientific  pretensions  more  senseless  than  the  aphorisms 
of  the  disciples  of  Pythagoras,  collected  in  the  ^'Turba  Philosopho- 
mm"^  so  often  quoted  by  the  alchemists  of  the  sixteenth  and 
seventeenth  centuries.  Its  improbable  character  is  perhaps  equalled 
by  the  ^^  Gloria  Mundi"  in  which  the  anonymous  author  favors  his 
readers  with  the  chemical  views  of  Aristotle,  Plato,  Socrates  and 
Democritns,  interspersed  with  equally  authentic  statements  by 
Hermes  and  Morien,  Lamech  and  Methuselah,  Abel  and  Seth,  and 
even  of  Adam  himself.  ^^ 

In  the  early  part  of  the  seventeenth  century,  Michael  Maier, 
physician  to  the  Emperor  of  Germany,  Rudolph  II,  a  royal  patron 
of  a8trol<^ers  and  alchemists,  published  several  treatises  now  much 
sought  after  by  alchemical  bibliophiles.  ^^^  Maier's  '^Symbola 
aurea  mensie"  and  '^Atalanta  Fugiens"  contain  emblematic  plates, 
supposed  to  illustrate  the  hermetic  interpretation  of  the  fables 
and  allegories  of  Egypt  and  Greece. 

The  connection  between  these  ancient  mythologies  and  the  se- 
crets of  the  philosopher's  stone  was  a  favorite  subject  with  many 
authors  and  has  been  exhaustively  treated  by  the  Abb6  Pemety  in 
his  two  curious  works  ^'Fables  Egyptiennes  et  Grecques  d6voil6es" 
and  **  Dictionnaire  My tho-hermitique."  ^i  Not  content  with  prose, 
several  authors  clothed  their  alchemical  inspirations  in  poetry; 
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of  these  may  be  mentioned  the  Arabian  treatises  already  named, 
the  Twelve  Gates  of  Alchemy  by  Sir  George  Ripley,  written 
about  145033,  the  Crede  Mihi  of  Thomas  Norton,  written  about 
1477»  and  the  Chrysopoeia  of  Aurelius  Augurelli.^*  The  latter 
written  in  Latin  hexameters  with  more  pretensions  to  elegance  than 
usual  with  the  prosaic  alchemists  was  dedicated  in  1514  to  Pope 
Leo  X.  Leo  rewai*ded  Augurelli  by  presenting  him  with  an  empty 
wallet,  remarking  that  one  who  knew  so  well  how  to  make  gold  had 
need  only  of  a  parse. 

The  alchemists,  in  common  with  their  contemporaries  in  other 
branches  of  literature,  took  pleasure  in  prefixing  to  their  essays  ec- 
centric titles ;  Helvetius  writes  of  "The  Brief  of  the  Golden  Calf 
(The  World's  Idol)  discovering  the  rarest  Miracle  in  Nature  ;"35 
Glauber  names  one  of  his  treatises,  "The  Golden  Ass  well  man- 
aged and  Midas  restored  to  reason."^ 

Perhaps  the  height  of  absurdity  is  reached  in  the  famous  Liber 
Mutus^'^y  which  consists  of  a  series  of  fifteen  symbolical  engravings 
purporting  to  disclose  the  whole  Hermetic  Philosophy.  The  utter- 
ly unintelligible  character  of  much  alchemical  literature  is  occa- 
sionally acknowledged  by  those  who  otherwise  accepted  the  pre- 
vailing popular  belief  in  transmutation;  Lenglet  du  Fresnoy, 
speaking  of  Raymond  Lully's  Clavicula,  says"  Lully  assures  us 
that  this  treatise  is  indispensable  to  the  comprehension  of  his 
writings ;  but,  after  reading  it,  one  is  little  wiser  than  before."^ 

There  are  several  large  collections  of  alchemical  treatises  which 
the  curious  in  these  matters  should  consult ;  the  most  extensive  is 
2^tzner's  Theatrum  Chemicum^  published  in  1613  in  six  octavo 
volumes ;  this  contains  no  less  than  209  distinct  treatises,  notwith- 
standing which  Lenglet  du  Fresnoy  remarks  that  many  excellent 
ones  are  wanting.  Manget's  Bibliotheca  Chemica  Curiosa,^® 
published  in  1702  in  two  folio  volumes,  contains  133  treatises; 
and  the  Musseum  Hermeticum^^  (1678)  contains  21  treatises, 
some  of  which  are  illustrated.  The  most  extensive  English  col- 
lection is  Ashmole's  Theatrum  Chimicum  Britannicum,  published 
in  1652,  and  a  noted  French  collection  is  Salmon's  Bibliotheque 
des  Philosophes  Chimiques  (1672),  of  which  the  edition  by  Biche- 
bourg  (1741)  is  by  far  the  best.^ 

Stimulated  by  avaricious  hopes,  the  zealous  alchemists  labored 
most  industriously ;  and,  by  subjecting  mixtures  of  all  known  sub- 
stances to  heat  and  to  the  action  of  acids,  discovered  a  multitude 
of  new  bodies  having  more  or  less  medical  and  economic  value. 
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As  we  have  seen,  their  writings  consist  for  the  most  part  of  mon- 
ographs describing  disconnected  experiments,  with  no  attempt  at 
exhaustive  treatment  of  any  single  topic,  no  classification  of  phe- 
nomena and  no  well  studied  arrangement  of  material  such  as 
characterizes  later  handbooks.  Nor  can  a  scientific  collocation  be 
expected  during  the  formative  period  of  chemistry  and  previous 
to  the  introduction  of  theories  around  which  to  group  the  isolated 
phenomena.  One  of  the  earliest  attempts  to  treat  chemical  facts 
in  a  systematic  manner  was  made  by  Sir  George  Ripley,  Canon  of 
Bridlington,  who  lived  in  the  fifteenth  century.  In  liis  '^  Compound 
of  Alchemy"  written  in  1471  the  whole  science  of  hermetic  chemis- 
try is  unfolded  in  a  poem   divided    into  twelve  sections  called 

^'Gates''  through  which  the  reader  is  conducted  to  the  mysteries 
of  transmutation.^^ 

"  But  into  chapters  thys  Treatis  I  shall  devyde. 
In  nnmbre  twelve,  with  dew  recapytalatyon ; 
Soperflnoas  rehearsalls  I  lay  asyde, 
iDtendyug  only  to  give  trew  informatyon 
Both  of  the  theoryke  and  practicall  operatyon : 
That  by  my  wry  tyng  who  so  wyll  gnyded  be, 
Of  hys  intente  perfyctly  speed  shall  he. 

The  fyrst  chapter  shall  be  of  natural  Calcination ; 
The  second  of  Dyssolutlon,  secret  and  phylosophycall 
The  third  of  oar  elementall  Separation ; 
The  foarth  of  Coi^uaction  matrimonial; 
The  fyfth  of  Putrefaction  then  foil  owe  shall ; 
Of  Congelation  Albyficatlve  shall  be  the  slxt, 
Then  of  Cybatlon,  the  seaventh  shall  follow  next. 

The  secret  of  oar  Sablymatlon  the  eyght  shall  show ; 

The  nynth  shall  be  of  Fermentatyon ; 

The  tenth  of  oar  Exaltation  I  trow. 

The  elevent  of  our  mervelose  Multlplycatyon, 

The  twelfth  of  Projection ;  then  Becapltalatyon, 

And  so  this  treatise  shall  take  an  endi 

By  the  help  of  God,  as  I  entend. 


Thas  here  the  Tract  of  Alchemie  doth  end ; 
Which  tract  was  by  George  Ripley,  Chanon,  penn*d 
It  was  composed,  wrltt  andsl^ed  his  owne, 
In  anno  twice  seaven  hundred  seaventy  one. 
Reader,  assist  him,  make  it  thy  desire, 
That  after  life  he  may  have  gentle  fire !  Amen. 
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Ripley's  verslftcation  and  theme  remind  one  of  Chaucer's 
Canon's  Yeoman's  Tale  composed  nearly  one  hundred  years  earlier. 

We  can  only  briefly  allude  to  Paracelsus'  bombastic  prodnc- 
lions'*^,  which  are  concerned  chiefly  with  medical  chemistry,  and 
to  the  remarkable  works  of  George  Agricola^**^,  distinguished  by 
profuse  illustration,  portraying  the  apparatus  and  operations  of 
mining  and  metallurgy  in  the  sixteenth  century. 

Conspicuous  for  accuracy  of  description  and  systematic  arrange- 
ment of  topics  is  the  ^^  Alchymia"  of  Andrew  Libavius,  published 
at  Frankfurt  in  1595.^^  Libavius,  a  physician  and  teacher  in  the 
gymnasium  at  Coburg,  rejected  the  absurd  doctrines  of  the  adhe- 
rents of  Paracelsus,  combated  superstition  and  quackery  and,  ex- 
celling in- observation  of  chemical  phenomena,  gained  a  worthy 
position  among  his  compeers.  In  his  Alchymia  he  treats  of  the 
Encheria  or  manual  operations  of  chemistry  and  of  the  Cliymia  or 
descriptions  of  substances,  in  separate  books.  The  former  be  di- 
vides into  two  sections,  one  dealing  with  the  instruments  and  the 
other  with  the  management  of  fires  and  construction  of  furnaces. 
He  describes  at  length  a  sumptuous  laboratory  provided  not  only 
with  every  requisite  for  chemical  experimentation,  but  also  with 
means  of  entertaining  visiting  guests,  including  such  luxuries  as 
baths,  enclosed  corridors  for  exercise  in  inclement  weather,  and 
a  well  stocked  wine-cellar. 

Libavius  was  the  discoverer  of  stannic  chloride  which  still  bears 
the  name  "  fuming  liquor  of  Libavius" ;  he  describes  the  method  of 
preparing  artificial  gems  by  coloring  glass  with  divers  metallic 
oxides,  and  he  seems  to  have  been  the  first  to  apply  the  balance 
to  the  examination  of  mineral  waters.  Notwithstanding  his  pro- 
gressive position  hedevoteseighty  pages  of  his  Commentary  to  the 
Philosopher's  Stone  in  which  he  was  a  firm  believer.  The  second 
edition  of  his  works,  published  in  1606,  forms  a  folio  of  800  pages. 
It  has  sometimes  been  called  the  First  Text-book  of  Chemistry. 

The  "Tyrociniura  Chymicum"  (1608)  of  Jean  Beguin*^,  Al- 
moner to  King  Louis  XIII  of  France,  a  less  pretentious  work,  is 
characterized  by  freedom  from  ambiguity  and  prolixity  as  well  as 
from  hermetic  superstitions ;  it  deals  chiefly  with  the  medical  ap- 
plications of  chemistry. 

In  1660,  Nicolas  le  Febvre,  demonstrator  of  chemistry  at  the 
Jardin  des  Plantes,  published  a  "Traict6  de  la  Chymie"^®  greatly 
superior  to  all  preceding  works  of  its  kind.  He  collected  the 
most  reliable  theories  and  experiments  from  all  published  sources 
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and  arranged  them  in  a  logical,  systematic  manner.  The  first  six 
chapters  treat  of  the  theory  of  chemistry ;  the  author  admits  five 
elementary  principles;  phlegm  (or  water),  spirit  (or  mercury), 
salphar,  salt  and  earth,  the  first  three  beiug  ingredients  of  volatile 
sabstanoes,  and  the  latter  those  of  refractory  bodies.  He  defines 
metals  as  hard  bodies  generated  in  the  bowels  of  the  earth,  capa- 
ble of  extension  under  the  hammer  and  of  being  melted  by  fire. 
He  divides  metals  into  the  perfect  and  the  imperfect,  and  also  into 
male  and  female,  the  latter  subdivision  being  based  upon  their 
behavior  with  acids ;  gold,  lead  and  antimony  are  male  metals  be- 
cause soluble  only  in  aqua  regia,  and  the  other  five,  silver,  copper, 
iron,  tin  and  mereary  are  female,  because  soluble  in  unmixed 
acids. 

In  the  second  part  the  author  discusses  the  manipulations  of 
chemistry  and  recognizes  many  nice  distinctions  now  overlooked 
for  example,  under  the  head  of  mechanical  division  he  describes  in 
detail  the  following  operations :  '^  liraation,  rasion,  pulverization 
alcoholization,  incision,  granulation,  lamination,  putrefaction 
fermentation,  maceration,  fumigation  both  dry  and  humid,  coho 
bation,  precipitation,  amalgamation,  distillation,  rectification,  sub 
limation,  calcination  both  actual  and  potential,  vitrification,  pro 
jection,  lapidification,  extinction,  fusion,  liquation,  cementation 
stratification,  reverberation,  fulmination  or  detonation,  extraction 
expression,  incineration,  exhalation,  digestion,  evaporation,  desic 
cation,  circulation,  congelation,  crystallization,  fixation,  volatili 
zation,  spiritnalization,  corporification,  mortification  and  revivifi- 
cation." 

In  the  experimental  part  Le  Febvre  explains  the  arrangement  in 
the  following  language : 

^^  We  shall  begin  with  the  meteoric  bodies,  rain,  dew,  honey, 
wax  and  manna ;  we  shall  then  describe  the  preparations  made  from 
animals  and  their  secretions ;  next,  the  numerous  products  of  the 
vegetable  world  ;  and  lastly,  the  mineral  kingdom  with  its  stones, 
salts,  marcasites  and  metals ;"  a  division  still  recognized. 

The  order  in  which  he  treats  mineral  chemistry  is  as  follows : 
Earths ;  stones,  precious  and  otherwise ;  metals ;  semi-metals,  em- 
bracing mercury,  antimony  and  bismuth ;  salts,  including  common 
salt,  saltpetre,  alum,  sal-ammoniac  and  the  vitriols ;  and  lastly, 
the  sulphuretted  minerals,  arsenic,  etc.  Under  each  division  he 
gives  precise  instructions  for  numerous  experiments  upon  these 
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substances  and  describes  their  medicinal  value.  The  whole  woilr 
IS  written  in  a  clear  style,  free  from  affectation  of  mystery ;  it 
rapidly  passed  through  five  editions,  and  was  translated  into  £ng- 
lish  and  German. 

Three  years  after  the  appearance  of  Le  Febvre's  Ti*att£,  his  suc- 
cessor at  the  Jardin  des  Plantes,  Christopher  Oiaser^  of  Basle, 
published  a  work  having  the  same  title  also  marked  by  special 
excellence. 

The  most  successful  handbook  of  the  seventeenth  century  was 
undoubtedly  the  "Cours  de  Chymie'*  by  Nicolas  Lemery,*®  an 
eminent  lecturer  in  Paris.  The  first  edition  of  this  work  was  pub- 
lished in  1G75,  and  it  reached  the  tenth  edition  before  the  close  of 
the  century  ;  a  fourteenth  edition  enlarged  by  Baron  appearing  as 
late  as  1756.  It  was  also  translated  into  English  (1677),  Ger- 
man (1698),  Italian  (1763),  and  Spanish.  The  remarkable  success 
of  this  work  is  due  to  a  facility  for  describing  dry  facts  with 
i*emarkable  simplicity  and  accuracy.  His  style  is  more  concise 
than  Le  Febvre's,  and  his  arrangement  of  material  shows  a  pro- 
gressive spirit.  The  limits  of  this  address  forbid  an  analysis  of 
Lemery's  Handbook,  which,  moreover,  is  better  known  than  some 
others  to  which  we  have  granted  fuller  treatment. 

Passing  over  a  period  of  fifty  years,  the  next  complete  compen- 
dium of  chemical  knoi^ledge  which  we  notice  is  the  ^'  Elementa 
Chemise"  of  Hermann  Boerhaave,  the  celebrated  professor  of  bot- 
any, chemistry  and  medicine  in  the  University  of  Leyden. 
Boerhaave's  gi*eat  erudition,  purity  of  style  and  brilliant  elo> 
quence  attracted  students  in  great  numbers ;  such  was  the  popu- 
larity of  his  lectures  that  ^^  certain  booksellers  who  aimed  at 
lucre  by  the  most  scandalous  means'*  published  them  in  1724, 
without  his  authority  or  consent ;  this  "suri^eptitious  edition"*^  con- 
tained, as  Boerhaave  himself  complains,  such  ^^false,  ridiculous  and 
absurd  things  in  every  page,''  that  he  was  compelled  to  iMiblish 
his  lectures  in  an  accurate  and  complete  form.  Both  editions 
were  translated  into  English  by  Dr.  Peter  Shaw,  and  the  author- 
ized work  passed  through  many  editions  in  Latin,  French  and 
German.^^  Instead  of  attempting  to  give  an  analj'sis  of  two 
quarto  volumes,  we  will  quote  Boerhaave*s  own  account  of  his 
plan. 

^^  My  design,"  he  says,  '^  is  to  initiate  students  in  the  knowl- 
edge of  chemistry ;  and  to  do  this  in  the  most  effectual  manner,  I . 
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shall  give  a  clear  methodical  explication  of  all  that  is  necessary 
for  understanding  the  best  authors  and  for  performing  the  chief 
operations  in  this  experimental  art."  After  acknowledging  the 
difficulty  of  a  systematic  treatment  of  ^'  a  science  which  has  been 
euUivated  rather  by  experiments  at  random  than  upon  any  regular 
principles,  and  by  persons  usually  destitute  of  all  .  .  •  knowl- 
edge in  the  liberal  arts ;"  he  claims  that  ^^  these  obstacles  may  be 
aurmounted  by  making  a  collection  of  the  several  effects,  which 
the  art  has  actually  produced,  justly  deducing  general  rules  there- 
from and  duly  digesting  the  whole."  He  then  explains  the  divi- 
sion of  his  work  into  three  parts. 

^*  The  first  will  rehearse  the  origin,  progress,  cultivation  and 
fortune  of  chemistry,  .  .  ;  the  second  part  will  deliver  certain 
theorems  or  principles  of  chemistry ;  the  third  will  exhibit  the 
actual  operations  of  chemistry,  whereby  bodies  are  changed  agree- 
ably to  the  rules  of  the  art  and  to  the  end  proposed  therein."  Boer- 
haave's  sketch  of  the  history  of  chemistry  begins  with  the  earliest 
times  but  seems  to  have  been  left  incomplete ;  it  is  rendered  useful 
by  classified  lists  of  chemical  writings  and  numerous  references. 
In  his  treatment  of  the  theory  he  departs  somewhat  from  his 
plan  and  introduces  material  which  real!}'  belongs  to  the  third  or 
practical  part.  Boerhaave  introduces  sections  on  the  use  of  chem- 
istry  in  natural  philosophy,  in  medicine  and  in  the  mechanical  arts  ; 
gives  an  exhaustive  account  of  the  wonderfal  nature  of  fire  and 
experiments  in  heat,  together  with  ingenious  speculations  concern- 
ing the  heat  of  celestial  bodies ;  he  describes  the  various  forms  of 
chemical  apparatus  and  the  preparation  of  curious  and  useful  sub- 
stances from  the  vegetable,  animal  and  mineral  kingdoms.  Boer- 
haave exhibited  the  spirit  of  a  true  philosopher  and  produced  a 
work  of  extraordinary  merit.  He  was  quite  free  from  the  follies 
of  alchemy,  though  he  cautiously  remarks  that  ^^  we  should  always 
remember  the  limits  of  nature  are  by  no  means  to  be  defined  by 
as,  things  are  taken  for  impossible  which  are  onlj'  unknown  by  the 
ignorant"  and  ^'raany  things  in  chemistry  are  apparently  more  in- 
credible than  that  lead  should  lose  its  natural  form  and  be  con- 
verted into  gold."  ^ 

Contemporary  with  the  systematic  compilations  of  Libavius, 
Le  Febvre,  Boerhaave  and  others,  were  published  hosts  of  inde- 
pendent works  setting  forth  the  results  of  prodigious  labor  in  the 
chemical  laboratory ;  many  of  these  are  filled  with  descriptions  of 
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experiments  made  at  haphazard,  with  no  definite  object  in  view, 
and  having  no  necessary  connection  with  each  other. 

Glauber's^  voluminous  writings,  published  in  1658,  may  be  taken 
as  an  example  of  this-  class ;  in  his  works,  amid  controversies 
with  Galenical  physicians  and  curious  apologies  resulting  there- 
from, amid  descriptions  of  alchemical  mysteries  and  receipts  for  a 
universal  panacea,  amid  extravagant  praises  of  the  ^^sal  mirabile" 
(Glauber's  salt),  and  curious  narratives  of  personal  history,  we  find 
many  novel  chemical  facts  having  a  medical  or  an  industrial  value. 
The  whole  is  clothed  in  a  very  crude  style  with  an  affectation  of 
secrecy  and  under  capricious  captions. 

On  the  other  hand,  some  of  these  treatises  show  signs  of  genius, 
especially  in  attempts  to  establish  theories  in  explanation  of  the 
familiar  yet  astonishing  phenomena;  thus  Van  Helmont,  whose 
contributions  to  medical  chemistry  we  pass  by,  invented  the  wonl 
gas  to  aid  in  discriminating  aeriform  bodies^;  and  Rey,  in  his 
*'  Essays  on  the  increase  in  weight  of  tin  and  lead  when  calcined^," 
demonstrated  the  weight  of  the  air  thirty  years  before  the  masterly 
researches  of  Boyle. 

To  attempt  in  this  rapid  review  to  do  justice  to  the  philosophi- 
cal writings  of  the  Hon.  Robert  Boyle  is  a  hopeless  undertaking. 
From  his  first  publication,  in  1660,  **  New  experiments,  physico- 
mechanical,  touching  the  spring  of  the  air  and  its' effects,"  to  his 
posthumous  treatise  ^*-  Medicinal  Experiments,"  published  in  1692, 
his  works  teem  with  ingenious  experiments  described  with  great 
candor  and  fidelity,  and  from  which  conclusions  are  drawn  with 
cautious  reserve  and  philosophical  soundness,  as  admirable  as  his 
rare  modesty. 

In  his  ^^  Sceptical  Chymist"  (London,  1661),  Boyle  raises  doubts 
as  to  the  elementary  nature  of  earth,  air,  fire  and  water,  as  well  as 
of  the  alchemical  principles,  sulphur,  salt  and  mercuiy,  and  claims 
that  the  first  elements  of  bodies  are  atoms  of  different  shapes  and 
sizes,  the  union  of  which  forms  what  are  vulgarly  called  elements ; 
he  argues  that  their  number  should  not  be  confined  to  three  nor  four, 
but  that  probably  a  large  number  of  primary  constituents  would 
eventually  be  separated  or  isolated  as  such.  He  also  first  clearly 
recognizes  the  distinction  between  mixture  and  chemical  combina- 
tion. 

The  rejection  of  Boyle's  prophetic  hypothesis  by  his  contempo- 
raries much  retarded  the  progress  of  the  science.    ^'  More,  how- 
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ever,  than  for  his  views  on  the  nature  of  the  elements,  science  is 
indebted  to  Boyle  for  his  clear  statement  of  the  value  of  scientific 
investigations  for  its  own  sake,  altogether  independent  of  any 
application  for  the  purposes  either  of  the  alchemist  or  of  the  phy- 
sician .  .  Boyle  was  in  fact  the  first  true  scientific  chemist, 
and  with  him  we  may  date  the  commencement  of  a  new  era  for 
our  science  when  the  highest  aim  of  chemical  research  was  ac- 
knowledged to  be  the  simple  advancement  of  natural  knowledge." 
(Roscoe.) 

Boyle's  voluminous  writings  were  collected  by  Birch  in  five  fo- 
lio volumes  and  published  in  1744.  His  diffuse  style  of  composi- 
tion, with  frequent  long  dig^ssions,  renders  a  perusal  of  his  writ- 
ings wearisome  and  led  to  an  edition  by  Dr.  Shaw,  in  which  his 
works  are  **  abridged,  methodized  and  disposed  under  general 
beads,"  forming  three  quarto  volumes  bearing  the  date  1725.^^ 
Many  of  Boyle's  papers  were  published  in  the  Philosophical 
Transactions. 

The  literature  pertaining  to  the  theory  of  phlogiston  belongs 
almost  wholly  to  the  eighteenth  century.  It  is  true  that  Becher's 
Physica  Subterranea  was  published  in  1659^,  but  the  theory  of  a 
combustible  principle  existing  in  all  metals  remained  dormant  until 
BechePs  admirer,  George  Ernest  Stahl,  published  an  edition  of  the 
Fbysica  Subterranea  in  1702 ;  to  this  he  prefixed  a  long  preface 
elaborating  those  doctrines  which  exerted  such  immense  infinence 
on  both  the  theoretical  and  practical  science,  for  more  than  a  cen- 
tury. The  writings  of  Becher  and  Stahl  are  notorious  for  tlieir 
barbarous  mixture  of  poor  Latin  and  German,  for  which  indeed 
both  authors  apologize.^ 

In  Mayow's  Treatise  on  the  nitro*aerial  spirit^,  we  find  records 
of  admirable  experiments  in  pneumatic  chemistry  supported  by 
accurate  reasoning  and  almost  prophetic  insight  of  later  theories 
of  combustion,  but  his  early  death  prevented  the  continued  support 
of  his  views,  and  Mayow's  treatise  was  soon  forgotten  by  the  prej- 
ndicefl  followers  of  Stahl. 

In  the  year  1683  a  noteworthy  event  occurred  in  the  chemical 
world,  the  opening  of  public  laboratories  of  instruction.  Chairs 
of  chemistry  had  long  existed  in  institutions  of  learning,  the  first 
being  filled  nearly  eighty  years  before  by  Johann  Hartmann,  and 
the  honor  belonging  to  the  University  of  Marburg.    Practical  in* 
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struction  had  been  secared  also  in  the  private  laboratories  of  the 
wealthy,  thus  Homberg  and  Friedrich  Hofmann  worked  in  Boyle's 
establishment^^ ;  but  the  first  public  laboratory  for  instruction 
was  opened  at  Altdorf,  Bavaria,  under  the  direction  of  Prof.  J. 
M.  Hofmann.  A  survey  of  the  status  of  chemical  knowledge  at 
that  date  offers  a  tempting  digression  but  the  length  of  ^his  ad- 
dress forbids. 

The  second  public  laboratory  was  opened  in  the  same  year 
(1683)  at  Stockholm,  under  the  patronage  of  KaH  XI  of  Sweden, 
and  under  the  guidance  of  Urban  Hiarne.  Both  institutions  is- 
sued publications  bearing  the  general  title  Acta^  which  may  be 
regarded  as  forerunners  of  the  ^^  Contributions  fi'om  the  Labora- 
tory of University"  now  so  common  in  periodical  litera- 
ture. 

Lexicons  and  dictionaries  have  been  a  feature  of  chemical  liter- 
ature from  the  earliest  times;  we  have  already  alluded  to  the 
vocabularies  of  the  sacred  art  found  among  the  Greek  MSS.  of  the 
Paris  National  Library  and  referred  to  the  tenth  and  eleventh  cen- 
turies. These,  however,  seem  to  have  been  compiled  for  the  pur- 
pose of  misleading  the  novice  in  alchemical  mysteries,  and  as 
Hoefer  justly  remarks  themselves  need  commentaries  to  become  in- 
telligible. 

The  universal  employment  of  symbolic  characters,  to  represent 
both  chemical  substances  and  operations,  rendered  alchemical  lit- 
erature difficult  of  perusal  and  early  led  to  the  publication  of  keys 
and  vocabularies  explaining  them.  Such  keys  occur  in  the  manu- 
scripts Just  mentioned,  in  Eschenreuter's  ^^  Universal  Panacea  for 
Men  and  Metals  "  ^^  which  purports  to  have  been  written  in  or  be- 
fore the  fourteenth  century,  and  in  the  works  of  Oswald  Crollius®^, 
Kircber^^,  Le  Febvre,  Lemery  and  mauy  authors  of  the  seventeenth 
century :  these  however  are  not  properly  dictionaries. 

Dr.  Martin  Rnland,  court  physician  to  Rudolph  II,  published  a 
"Lexicon  alchemisB"inl612,  and  William  Johnson ®®  a  "Lexicon 
chyraieum"  in  1657,  but  the  first  really  satisfactory  treatment  of 
chemistry  in  monographs  alphabetically  arranged  was  by  Mac- 
quer^7  whose  "  Dictionnaire  de  Chymie,"  published  in  1766,  had 
great  success,  passing  through  several  editions  and  being  trans- 
lated into  the  German,  English,  Italian,  Spanish,  Danish  and  Rus- 
sian languages.^    Macquer  found  many  followers,  among  whom 
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may  be  mentioned  Nicholson  (1795),  Cadet  (1803),  and  well  known 
authors  whose  works  are  indispensable  to  all  students  of  the  sci- 
ence. 

Prof.  Wm.  Bipley  Nichols,  of  Boston,  late  chairman  of  this  Sec- 
tion, in  a  recent  private  communication,  has  expressed  the  need  of 
yet  another  dictionary,  one  of  chemical  eynonymes.  He  calls  at- 
tention to  the  large  number  of  names  by  which  certain  chemical 
substances  have  been  known  at  different  epochs  and  in  different 
professions,  and  to  the  utility  of  a  dictionary  explaining  tlieir 
synonymy.  Pi'ofessor  Nichols  suggests  '^restricting  the  list  to 
terms  found  in  the  literature  of  the  preceding  hundred  years,  but 
including  such  alchemical  names  as  have  peculiar  historic  interest 
and  such  as  have  persisted  more  or  less  in  commerce  and  phar- 
macy." He  also  suggests  that  the  work  should  include  English, 
French  and  Grerman  names,  except  when  they  are  simply  literal 
renderings  of  the  same  term,  and  names  of  those  minerals  which 
are  of  simple  composition  like  halite,  witherite,  fluorite,  etc.,  under 
their  appropriate  heading.  In  an  example  of  the  proposed  method 
of  treatment  he  gives  a  long  list  of  names  for  ferric  oxide  under  the 
several  heads :  alchemical,  chemical,  mineralogical,  pharmaceutical, 
commercial  and  popular. 

The  idea  is  certainly  excellent  and  we  have  Professor  Nichols* 
permission  to  mention  it  publicly  in  the  hope  that  some  one  may 
be  incited  to  compile  such  a  work.  We  are  not  aware  of  the  ex- 
istence of  any  modem  chemical  synonymicon,  not  having  seen 
Berta's  Dictionary  of  chemical  terms^,  published  at  Padua  in  1842  ; 
perhaps  the  nearest  approach  to  the  ideal  work  of  Professor  Nichols 
is  Sommerhoff's  Lexicon  pharmaceutico-chymicum^^,  published  in 
1701,  a  folio  of  400  pages. 

About  the  middle  of  the  seventeenth  centuiy  the  dissemination  of 
the  views  of  Lord  Bacon,  as  expressed  in  his  Novwm,  Organon^  gave 
a  great  impulse  to  scientific  investigations,  and  the ' 'splendid  fiction 
of  the  new  Atlantis"  was  practically  realized  in  the  foundation 
of  the  ''Royal  Society  for-  improving  Natural  Knowledge."  The 
learned  men,  who  in  1645  met  in  London,  and  there  disturbed  by 
unhappy  dissensions  of  civil  war  withdrew  to  Oxfoi'd  to  report  and 
discuss  philosophical  experiments,  laid  the  foundations  of  an  edi- 
fice destined  to  rise  higher,  endure  longer  and  to  shelter  a  nobler 
offspring  than  the  most  sanguine  could  have  foreseen.  The  organ* 
isation  was  granted  a  charter  by  King  Charles  II  in  1662  and 
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three  years  later  began  the  pablication  of  the  <' Philosophical 
Transactions,  giving  some  accompt  of  the  present  undertakings, 
studies  and  labours  of  the  ingenious  in  many  considerable  parts  of 
the  world."  In  the  following  year  the  French  Academy  of  Sciences 
began  their  M6moires.  Thus  arose  the  element  of  periodicity  in 
scientific  literature,  one  which  rapidly  increased  in  importance. 

The  year  1665  also  witnessed  the  birth  of  the  parent  of  that 
large  class  of  x>eriodicals  not  issued  by  societies  but  published  by 
private  parties  either  individually  or  cooperatively.  The  first 
number  of  the  '^Journal  des  Scavans^  appeared  January  5,  1665, 
and  for  one  hundred  and  thirty  years  was  the  most  prominent  lit- 
erary and  scientific  journal  of  Europe.  At  that  early  date  the 
periodicals  partook  of  a  literary  nature  rather  than  of  the  scientific, 
but  gradually  these  two  elements  became  distinct  and  the  lines 
became  more  and  more  closely  drawn  nntil  every  branch  of  pure 
and  applied  science  supported  a  serial  especially  devoted  to  its 
progress.  Among  the  earliest  periodicals  devoted  to  chemistry 
and  its  associate  physics  may  be  mentioned  the  ^'  Journal  de  Phys- 
ique et  de  chimie,"  edited  by  the  Abb6  Rozier,  de  la  Meth^rie  and 
others,  begun  in  1770  and  continued  through  ninety-five  volumes 
to  1822  ;  the  "Chemisches  Journal"  of  Lorenz  Crell,  1778-86,  which 
was  followed  by  the  "Chemische  Annalen"  by  the  same  editor,  ex- 
tending until  1803.  The  "Annales  de  Chimie  et  de  Physique," 
begun  in  1789,  enjoys  the  honor  of  being  the  oldest  sninriving  serial 
of  this  class.^^ 

Of  the  foundation  of  Societies  exclusively  devoted  to  chemistry 
in  France,  England,  Grermany  and  America,  and  of  their  periodical 
publications,  we  can  make  mere  mention.  The  existence  of  a  '^ Co- 
lumbian Chemical  Society"  in  Philadelphia,  as  early  as  1811,  de- 
serves passing  notice.  Two  volumes  of  its  Memoirs  were  published 
containing  articles  by  Drs.  Mitchell,  Cutbush,  Manners,  Bache 
and  others. 

Of  chemical  bibliography  and  works  relating  exclusively  to  the 
history  of  the  science,  we  have  elsewhere  ^^  given  a  critical  r6snm6. 

As  we  proceed  with  this  review  of  chemical  literature,  the  pub- 
lications increase  enormously  in  number,  variety  and  importance, 
and  the  end  of  our  undertaking  seems  to  move  forward  faster 
than  we  progress.  It  is  manifestly  impossible  in  the  brief  time 
allotted  to  this  address  to  analyze  the  chemical  literature  of  the 
preceding  hundred  years.    How  shall  we  attempt  to  portray  the 
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theories  and  experiments  recorded  in  the  writings  of  Bergmann^^, 
Scheele^*  and  Gahn,  the  eminent  Swedes;  of  Black"'^  Caven- 
dish'^^  and  Priestley^^,  the  English  triumvirate ;  of  the  French  phil- 
osophers Fourcroy^^,  de  Morveau^^,  and  Lavoisier^^ ;  of  the  indus- 
trious German  chemists  Kunckel^S  Marggraf^^,  Wenzel^,  Klap- 
roth^  and  Bichter^ ;  or  of  the  Italian  philosophers  Galvani^yVol- 
ta^^,  and  Brugnatelli  ?^  And  passing  to  a  later  period,  how  shall 
we  do  justice  to  the  labors  of  BerthoUet^,  Gay  Lussac^^,  Thdnard®^ 
and  Laurent^ ;  of  the  immortal  Dalton^^,  of  the  brilliant  Davy^^  of 
the  indefatigable  analyst  Berzelius^^ ;  of  Mitscherlich,  Liebig,  Woh- 
ler,  and  Hofmann ;  of  Dumas,  Berthelot  and  Adolph  Wurtz ;  of 
Graham,  Frankland,  Abel  and  Crookes? 

American  contributions  to  chemical  literature  have  been  exhaus« 
tivel^^  discussed  in  the  hearing  of  many  present  and  need  not  now 
detain  as ;  I  refer  to  Prof.  Silliman's  Address  at  the  celebration  of 
thecentenary  of  Priestley's  discovery  of  Oxygen,  held  at  Northum- 
berland in  1874.W 

The  modern  period  of  chemical  literature  is  characterized  by 
two  opposing  forces,  a  tendency  to  dispersal  and  an  effort  to  col- 
lect the  widely  scattered  publications.  The  multiplication  of 
learned  societies  especially  in  Europe,  each  of  which  supports  its 
own  organ,  and  the  increasing  number  of  nations  interested  in 
scientific  pursuits,  in  each  of  which  arises  an  independent  period- 
ical, tend  to  the  wide  dispersal  of  memoirs,  essays  and  notices. 

On  the  other  hand,  industrious  editors  laboriously  collect  and 
set  in  order  these  scattered  observations,  constructing  compact, 
massive  handbooks  and  many  volumed  cyclopedias.  The  monu- 
mental work  of  Gmelin,  which  is  even  now  passing  through  another 
edition,  has  worthy  rivals  in  the  magnificent  compilations  edited  by 
Henry  Watts  and  by  Adolph  Wurtz,  and  in  the  work  of  Beilstein  in 
a  field  of  special  difilculty.  For  systematic  treatises  we  can  point 
to  Miller,  Graham-Otto,  Pelooze  et  Fr6my,  Roscoe  and  Schorlem- 
mer  and  the  ever  youthful  Fownes. 

Invaluable,  too,  are  the  annuals  known  as  Jahresberichte,  mon- 
uments of  conscientious  editorship. 

Another  feature  of  modem  growth  is  the  multiplication  of  special 
treatises  dealing  with  single  topics  in  every  branch  of  chemistry, 
inorganic,  organic,  theoretical,  analytical,  technological,  pharma- 
ceutical and  physiological,  until  mere  acquaintance  with  their  titles 
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becomes  a  serioas  undertaking  for  busy  workers  in  the  labora- 
tory. 

The  amount  of  time  and  labor  required  to  search  for  a  given 
point  throughout  the  maze  of  modern  chemical  journals,  transac- 
tions, ti'eatises  and  hand  books,  is  well  appreciated  by  my  audience ; 
the  superb  dictionaries  and  annuals  refeiTcd  to  accomplish  much 
in  cataloguing,  condensing  and  systematizing  the  infinity  of  ob- 
servations ;  nevertheless,  all  working  chemists  feel  the  need  of 
special  indexes,  simply  arranged,  as  complete  as  possible  and  ac- 
cessible to  every  one.  Sharing  in  this  feeling,  I  have  contributed 
my  mite  to  the  literature  of  chemical  indexes  and  have  inspired 
several  friends,  fellow-members  of  this  Association,  with  the  cour- 
age to  follow.  Uranium^^,  Manganese^^,  Titanium^,  Vanadium^^, 
Ozone^®^,  and  Peroxide  of  Hydrogon^^  have  been  indexed  on  a 
uniform  plan,  and  my  pupil  W.  W.  Webb,  B.  8.,  has  prepared  an 
Index  to  the  Literature  of  Electrolysis^^,  which  will  soon  be 
published  in  the  same  channel  as  the  others ; —  the  Annals  of  the 
N.  Y.  Academy  of  Sciences. 

Pardon,  we  beg  you,  these  personal  allusions :  we  have  indulged 
in  them  with  the  object  of  bringing  before  this  Section  a  proposi- 
tion for  organized  effort  in  the  preparation  of  Indexes  to  all  the 
Elementary  Substances  on  a  uniform  plan. 

The  advantages  which  would  accrue  from  the  publication  of 
special  indexes  to  the  liteittture  of  the  elements  and  of  such  other 
subjects  as  may  prove  desirable  are  too  obvious  to  need  ai*gumeiit ; 
I  have  thought  that  the  undertaking  might  be  placed  in  the  hands 
of  a  Committee  of  the  Chemical  Section  of  this  Association.  The 
existence  of  an  Index  Society  in  England  under  the  guidance  of 
Henry  B.  Wbeatley,  F.  S.  A.,  Hon.  Sec.,*^*  affords  a  precedent,  if 
indeed  any  be  required. 

The  first  duty  of  the  Index-Committee  of  the  Section  of  Chem- 
istry would  be  to  secure  volunteers  willing  to  undertake  the  com- 
pilation of  special  indexes ;  surely  in  this  National  Association  a 
few  chemists  can  be  found  ready  to  cooperate  in  such  an  import- 
ant work.  The  Committee  would  further  adopt  a  uniform  plan  for 
the  indexes,  determine  the  method  or  channel  of  their  publication, 
and  exercise  general  editorial  supervision  over  the  undertaking. 

Hoping  that  this  suggestion  will  receive  your  approbation  I  leave 
it  in  your  hands. 
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On  a.  New  Microohehical  Method  of  Determining  the  Feld- 
spars IN  Rocks.     By  J.  Szabo,  of  Budapest,  Hungary. 

My  method  of  determining  the  feldspars  in  rocks  is  based  chiefly 
on  the  coloration  of  the  flame  by  potash  and  sodium,  and  On  the 
degree  of  fusibility  of  the  different  kinds  of  feldspars. 

In  order  to  obtain  the  same  results,  the  circumstances  under 
which  the  experiments  are  made  must  be  the  same.  The  colora- 
tion of  the  flame  and  the  fusibility  are  observed  at  the  same  time, 
iu  the  same  experiment. 

I  take  a  Bunsen  burner  of  the  dimensions  described  by  Bnnsen, 
the  lamps  being  those  furnished  by  Desaga  in  Heidelberg.  I  use 
two  parts  of  the  flame,  one  without  the  chimney  at  a  height  of  five 
millimetres  above  the  lamp  for  a  lower  temperature,  and  one  for  the 
highest  temperature,  which  is  produced  by  putting  the  chimney  on 
the  lamp  and  using  a  height  of  5-10  millimetres  above  the  chim- 
ney. It  is  the  ''Schmelzraum"  of  Bunsen,  the  region  of  fusion, 
and  he  estimates  its  temperature  at  2300''  C. 

The  platinum  wire  for  introducing  the  feldspar  grain  roust  be  very 
thin,  a  piece  of  one  decimetre  length  should  not  weigh  more  than 
thirty-two  milligrammes.  I  take  pieces  of  it  of  three  centimetres 
in  length,  connect  them  by  fusion  with  a  glass  tube  at  one  end, 
and  at  the  other  end,  a  ring  is  made  of  about  one  millimetre  diam- 
eter, on  which  the  grain  of  feldspar  is  fixed  by  means  of  distilled 
water. 

The  size  of  the  feldspar  must  be  approximately  the  same ;  it  is 
the  size  of  a  fine  mustard  seed.  If  perfectly  fused,  it  should  be 
about  this  size  (*).  The  feldspar  grain  is  introduced  into  the  dif- 
ferent part«  of  the  flame  by  fixing  the  glass  tube  to  the  holders 
used  in  the  observations  for  spectrum  analysis. 
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New  detei^mination  of  the  fusibility  of  the  minerals. 

The  result  of  determining  the  fusibility  of  the  minerals  being  in 
many  respects  different  from  the  results  as  obtained  by  Von  Ko- 
bell,  I  find  it  necessary  to  give  a  brief  description  of  my  method 
of  obtaining  the  degrees  of  fusibility. 

For  determining  the  fusibility  with  the  same  platinum  wire  and 
of  the  size  mentioned,  I  use  three  parts  of  the  Bunsen  flame:  a, 
the  base  of  the  flame ;  &,  the  height  of  five  millimetres  as  men- 
tioned, and  c,  the  region  of  fusion,  "  Schmelzraum."  Now  I  give 
the  degrees  of  fusion  according  to  the  results  obtained  in  those 
three  experiments,  and  discriminate  the  following  eight  degrees  for 
the  fusibility  of  the  minerals  in  general. 

0.     Infusible  in  all  the  three  cases.     Quartz,  spinel. 

1  (1  =  0;  ir=l)In  five  millimetres  height  during  one  minute 
no  change  is  visible;  but  in  the  highest  temperature  after  being 
exposed  for  one  minute,  the  points  and  edges  begin  to  be  a  little 
rounded,  but  on  the  sides  no  change  is  remarked.  Bronzite, 
hematite,  some  anorthite,  and  some  augite  (Mont6  Rossi,  Etna). 

2  (1  =  1;  11  =  2).  The  base  of  the  flame  serves  in  most  cases 
only  to  fix  the  grain  to  the  platinum  wire.  I  speak  of  the  first 
experiment,  when  the  grain  is  introduced  into  the  flame  at  five  mm. 
height,  and  I  call  the  second  experiment  obtained  in  the  highest 
temperature.  The  mineral,  to  which  I  give  the  second  degree  of 
fusibility,  shows  after  having  been  exposed  for  one  minute  to  the 
flame  in  five  mm.  height  a  change  in  the  points  and  edges,  but  the 
faces  keep  their  original  condition.  In  the  second  experiment  even 
the  faces  began  to  fuse,  but  without  being  rounded.  Some  diallo- 
gite,  bytownite. 

8.  (I  =  1-2  ;  II  =  3).  In  the  fii-st  experiment  (five  mm. ;  one 
minute)  the  points,  edges  and  faces  show  the  fusion  but  the  general 
form  of  the  grain  is  not  changed.  In  the  second  experiment  (re- 
gion of  fusion  ;  one  minute)  the  whole  grain  begins  to  be  rounded, 
without  becoming  globular.  Adularia  (St.  Gothard),  labradorite, 
magnetite. 

4.  (I  =  2-3  ;  n  =  4).  In  the  first  experiment  (fifty-five  mm. ; 
one  minute)  it  fuses  without  forming  a  globule  ;  but  in  the  second 
experiment  it  gives  a  perfect  globule.  Some  hypersthenite,  am- 
phibole,  most  kinds  of  augite. 

5.  (1  =  4).  It  fuses  to  a  globule  in  the  first  experiment  (five 
mm. ;  one  minute) ;  in  this  case  the  second  experiment  is  not  re- 
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qoired.    Petalite,  garnet,  some  albite  (of  the  trachytes  of  Hun- 
gary)- 

6.  It  fuses  to  a  globule  at  the  height  of  5  mm.  in  less  than  one 

minute,  or  in  the  base  of  the  flame  but  after  the  red  heat.     Borax, 
crj'olite. 

7.  It  fuses  to  a  globule  after  some  seconds  near  the  base  of  the 
flame,  before  becoming  red  hot.     Stibnite,  sulphur,  ozokerite,  etc. 

The  results  may  be  sometimes  intermediate,  for  instance :  6-7  for 
rock  salt,  which  begins  to  be  fused  at  the  commencement  of  a  red 
heat ;  and  the  degree  of  fusion  would  be  indicated  as  5-6,  4-5,  etc. 

The  exclusive  use  of  Bunsen's  burner  in  determining  the  fusi- 
bility is  an  advantage  of  my  method  as  compared  with  the  method 
of  Plattner  and  Von  Kobell,  because  the  result  is  not  affected  by 
subjective  ability  of  handling  the  blow-pipe.  The  temperature  is 
nearly  always  the  same,  the  gas  flame  used  by  me  is  never  higher 
than  fourteen  centimetres.     The  time  is  also  fixed,  it  is  one  minute. 

The  use  of  a  lower  and  higher  temperature  and  the  observation 
of  the  change  with  a  lens  arc  in  some  cases  very  interesting.  It  is 
sometimes  found  that  the  substance  is  a  mixture,  for  example,  of 
feldspar  and  quartz ;  the  feldspar  is  fusible,  and  the  points  and 
edges  of  the  infusible  quartz  become  visible  in  the  mass  in  the  first 
experiment,  while  at  the  high  temperature  the  two  substances  may 
give  one  fused  mass. 

The  chemical  elements  or  the  invariable  binary  compounds 
(quartz,  magnetite,  cassiterite,  etc.)  have  a  constant  degree  of 
fusibility,  but  this  is  not  the  case  with  compounds  in  which  the 
isomorphic  elements  replace  each  other,  or  which  are  variable  in 
the  relative  quantity  of  their  elements,  and  that  is  the  case  with 
l»y  far  the  greater  number  of  minerals  and  especially  with  the  feld- 
spars. The  presence  of  some  elements  make  the  mineral  more  or 
loss  fusible.  Sodium  is  the  element  in  the  silicates  which  makes 
lliem  easily  fusible ;  the  magnesium  and  aluminum  render  them 
less  fusible,  or  altogether  infusible.  This  important  fact  has  in- 
duced me  to  establish  the  standard  for  the  degree  of  fusibility 
according  to  the  circumstances  under  which  the  fusion  takes  place, 
and  not  to  take  a  mineral  representing  the  degree,  because  such 
minerals  are  not  to  be  found  for  all  degrees  among  the  elements,  or 
the  double  constant  compounds  and  the  more  complicated  minerals, 
as  amphibole,  orthoclose,  garnet,  etc.,  may  be  variable,  even  when 
obtained  from  the  same  locality. 
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The  Aisibility  of  the  feldspars,  amphiboles,  augites,  as  the  chief 
rock-forming  minerals,  varies  between  0-5. 

The  feldspars. 

According  to  the  dominant  protoxide  element  there  are  potash, 
soda  and  lime-feldspars,  which  are  passing  into  each  other  not  only 
according  to  the  silicic  acid  but  also  according  to  the  protoxide 
element. 

Tschermak  discerns  in  the  three  kinds  of  feldspars  on  the  "prin- 
ciple of  equidistance"  of  the  characteristic  protoxide  the  following 
ten  series. 

A.  Potash  feldspar  (pHhodase) . 

1.  Adularia  series  K^O  16-13  per  cent 

2.  Amazonite  "  "  13-10  "     " 

3.  Perthite       "  "  10-7     "     " 

4.  Loxoclase    "         "  7-4       "     " 


B.  Sodium  feldspar  (sodium  plagiodase). 

5.  Albito       series  Na^  O     12-10  per  cent 

6.  Oligoclase    "  "         10-8     "      " 


C.  Lime  feldspar  (calcium  plagioclase). 

7.  Andesine     series  Ca  O     6-10  per  cent 

8.  Labradorite     "  "  10-13   "      " 

9.  Bytownite       "  "  13-17  "      " 
10.  Anorthite       "  "  17-20  "      " 


If  the  dominating  protoxide  elements  show  this  change,  the  other 
elements  vary  in  their  relative  quantity,  of  which  tlie  limits  are 
given  in  the  following  table,  taken  from  a  considerable  number  of 
reliable  analyses. 


Na^O 

K2O 

CaO 

Al,03 

SiOs 

1. 

Adularia 

1-2 

16-13 

0-15 

17-19 

67-64 

2. 

Amazonite 

2-4 

13-10 

0-15 

17-19 

67-64 

3. 

Perthite 

4-6 

10-7 

1-15 

17-19 

67-65 

4. 

Loxoclase 

6-8 

7-4 

1-15 

19-20 

67-65 
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NajO     KjO       CaO    Alj  O3    Si  O2 
6.  Albite  12-10      O-l         0-1       18-20     69-66 

6.  Oligoclase     10-8        1-2        2-6      21-24    65-61 

7.  Andesine  8-5  2-1  ^  6-10  24-29  60-54 

8.  Labradorite  5-3  2-1  10-18  25-80  56-50 

9.  Bytownite  3-1  1-0  13-17  29-34  52-47 
10.  Anorthite  2-0  1-0  17-20  32-37  46-43 

If  we  take  into  consideration  the  resalts  of  the  chemical,  optical 
and  crystallographical  study  of  feldspars,  we  must  distinguish :  (a) 
in  the  class  of  potash  feldspars,  chemically,  the  adularia,  amazonite, 
perthite  and  loxoclase ;  optically,  orthoclase  and  microcline ;  (6) 
in  the  class  of  sodium  feldspars,  from  a  chemical  point  of  view,  albite 
and  oligoclase ;  from  an  optical  point  of  view,  soda,  plagioclase 
and  the  very  rare  soda  orthoclase ;  (c)  in  the  class  of  the  lime 
feldspars  the  dimorphism  has  not  yet  been  observed,  therefore  we 
discern  only  the  four  chemical  species  :  andesine,  labradorite,  by- 
townite and  anorthite,  which  on  optical  and  crystallographical 
grounds  are  to  be  considered  as  four  distinct  species. 

According  to  Tschermak's  classification  ten  series  have  been 
established  ;  there  are  intermediate  series  too,  and  in  the  same 
manner  it  is  xx)ssible  to  distinguish  less  than  ten  series.  From  a 
geological  point  of  view  it  is  enough  to  establish  the  following  five 
8i)ecies:  orthoclase,  microcline,  oligoclase,  labradorite  and  anor- 
tbite. 

The  potash  feldspar,  as  a  rock-forming  mineral,  in  most  cases 
corresponds  with  the  amazpnite  and  perthite  series,  while  adularia 
is  restricted  to  the  crystals  found  in  veins  and  cavities  of  some 
orthoclastic  rocks.  It  is  therefore,  for  the  geologist,  sufficient  to 
make  use  of  the  general  name  of  orthoclase  for  the  potash  feldspar, 
except  in  the  case  when  the  microscope  shows  the  presence  of  the 
dimorphic  state,  then  the  microcline  must  be  named  too.  The 
microcline  is  very  common  in  the  old  orthoclastic  rocks,  but  in  the 
newer  volcanic  rocks,  containing  the  feldspars  in  a  glassy  state,  I 
have  never  observed  it. 

In  the  series  of  the  soda  feldspars  albite  is  restricted  to  the  min- 
erals found  in  the  cavities  of  certain  rocks,  while  the  soda  feldspar 
as  a  rock  forming  mineral  is  usually  the  oligoclase.  In  geologi- 
cal respect  the  oligoclase  and  the  andesine  have  nearly  the  same 
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role,  therefore  generally  they  might  be  taken  for  one  species ;  the 
distlDCtion  may  be  reserved  for  a  more  detailed  classification. 

The  labradorite  is  the  main  representative  of  the  soda  lime 
feldspars,  but  variable  too.  It  stands  sometimes  nearer  to  the 
andesine ;  at  other  times  nearer  to  the  bvtownite  series. 

The  true  lime  feldspar  is  anorthite  with  bytownite,  which  are 
nearly  always  found  together. 

In  the  same  rock  it  is  very  rare  to  find  only  one  kind  of  feldspar ; 
there  are  at  least  two,  if  not  more,  to  be  found  together,  but  one  of 
them  is  usually  dominant,  and  then  it  is  entitled  to  enter  into  the 
nomenclature  of  the  rock. 

Tlie  coloration  of  tJie  flame. 

The  yellow  coloration  of  the  flame  by  the  feldspars  is  a  constant 
character ;  I  have  never  found  a  feldspar  without  sodium,  though 
analyses  are  met  with  in  which  the  sodium  has  not  been  mentioned. 

The  coloration  caused  by  sodium  is  very  intense ;  it  overcomes 
every  other  color,  and  this  is  also  the  case  with  the  red  flame  pro- 
duced by  the  presence  of  potash. 

To  observe  the  coloration  produced  by  potash,  I  prefer  to  make 
use  of  the  solution  of  indigo  in  concentrated  sulphuric  acid  pre- 
pared as  described  by  Fresenius,  but  diluted  only  so  far,  that 
the  white-heated  platinum  wire  begins  to  be  visible  through  it. 
Cobalt  glass  is  good  only  when  it  contains  a  high  percentage 
of  oxide  of  cobalt. 

The  calcium  combined  with  silicic  acid  never  shows  any  color- 
ation. 

I  discover  five  degrees  in  the  j^ellow  flame  of  sodium : 

1 .  The  yellow  flame  is  very  small.  It  is  obtained  by  introduc- 
ing into  the  flame  the  anorthite  of  Monte  Somma.  It  corresponds 
to  one  or  less  per  cent  of  Na^O  in  the  feldspar. 

2.  The  yellow  flame  is  a  little  larger.  It  is  shown  by  the  pot- 
ash feldspar  called  valencianite  from  Mexico.  It  indicates  1-2  per 
cent  of  NajjO  (in  the  analysis  made  by  Plattner  only  the  potash 
is  mentioned). 

3.  The  yellow  coloration  is  stronger.  Observable  in  the  by- 
townite,  found  in  the  gabbro  of  Volpersdorf  (Silesia),  2-4  per 
cent,  NaaO. 

4.  The  yellow  coloration  is  intense.  Shown  by  the  potash  feld- 
spar called  microcline  from  Fredericksvam.    4-8  per  cent,  NajO. 
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5.  The  most  intense  yellow  flame,  oligoclase,  St.  Gothard, 
8-16  per  cent,  NajO. 

The  red  coloration  produced  by  potash  is  very  weak  when  the 
feldspar  is  exposed  to  the  high  temperatures  by  itself,  and  becomes 
visible  only  in  such  feldspars  which  contain  more  than  four  per  cent 
of  it.  Now  all  soda  and  lime  feldspars  contain  less  than  four  per 
cent  K3O ;  therefore,  if  a  red  coloration  is  visible  in  the  first  two 
experiments,  the  feldspar  is  a  potash  feldspar  of  a  greater  or  less 
percentage,  and  accordingly  I  discern  three  degrees. 

1.  Scarcely  visible,  doubtful.  Loxoclase,  Hammond,  4-10  per 
cent,  K3O. 

2.  Distinctly  visible.  Sanidin,  Perlenhardt,  Rhine,  10-13  per 
cent,  K2O. 

3.  Very  distinctly  visible.  Adularia,  St.  Gothard;  leucite; 
13-20  per  cent,  KjO. 

In  order  to  be  quite  certain  as  to  the  potash,  a  third  experiment 
is  made,  by  adding  gypsum  to  the  feldspar,  by  which  the  alkalies 
are  converted  into  sulphates,  and  thus  rendered  volatile  in  such  a 
manner  that  even  a  very  small  part  of  one  per  cent  becomes  very 
distinctly  observable.  As  regards  the  sodium,  the  five  degrees 
remain  the  same  as  in  the  first  two  experiments,  but  for  the  potash 
four  degrees  can  be  discerned,  of  which  the  first  two  relate  to  the 
plagioclase,  the  last  two  to  the  orthoclase. 

1.  Very  weak  and  visible  only  for  some  seconds.  Anoi-thite  of 
Monte  Somiiia,  0-1  per  cent,  K^O. 

2.  Weak  but  very  distinct  and  lasts  for  two  minutes.  Andes- 
ine  from  the  trachyte  of  D6va  (Transylvania),  1-4  per  cent,  K2O. 

3.  Strong  red  fiame;  clearly  visible  for  two  minutes.  Sanidin 
of  Perlenhardt  (Rhine),  4-13  per  cent,  K3O. 

4.  The  red  flame  is  very  strong  and  permanent  for  more  than 
two  minutes.  Adularia  of  St.  Gotliard,  or  leucite  of  Albano, 
13-22  per  cent,  Kj,0. 

Fusibility  and  tJie  quality  of  the  fused  matter. 

It  has  been  mentioned  that  the  degree  of  fusibility,  as  regards 
the  feldspars,  varies  from  zero  to  five  degrees ;  but  besides  this 
character,  there  is  a  remarkable  difierence  in  the  quality  of  the 
fused  matter.  In  all  cases,  when  a  feldspar  is  fusible,  it  assumes 
this  state  slowly  without  intumescence ;  if  this  phenomenon  is  ol> 
servable,  for  instance  as  is  the  case  in  many  zeolites,  the  sub- 
stance is  not  a  feldspar. 
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The  fused  matter  may  be  a  pellucid  or  transparent  glass,  or  an 
opaque  enamel.  The  glass  may  contain  bubbles  or  not ;  the  en- 
amel is  sometimes  gray,  sometimes  white  and  may  contain  bubbles. 
The  bubbles  are  situated  for  the  most  part  inside,  and  the  surface 
of  the  globule  is  smooth,  but  many  of  the  potash  feldspars  exhibit 
the  peculiar  property  of  having  also  outside  bubbles ;  this  is  the 
case  especially  with  the  orthoclases  of  granites  and  other  old  rocks, 
while  the  glassy  potash  feldspars  never  show  this  character.  When- 
ever the  microscope  gives  us  notice  of  the  presence  of  mici'ocline, 
the  outside  bubbles  are  never  wanting. 

Practical  cour&e  of  the  determination. 

The  Bunsen  burner,  and  two  holders  on  each  side  of  it  to  the 
right  and  left,  are  placed  on  a  thick  piece  of  glass,  in  order  to 
secure  a  smooth  motion.  Two  feldspars  may  be  determined  at  once, 
or  one  feldspar,  and  on  the  other  holder  may  be  put  a  typical  feld- 
spar for  comparison.  If  the  grain  will  not  adhere  to  the  moistened 
ring  of  the  platinum  wire,  the  ring  may  be  too  large  or  too  small 
for  the  size  of  the  mineral  fragment.  Sometimes  the  platinum 
takes  up  no  water ;  in  that  case  I  place  the  grain  on  the  ring  by 
means  of  a  finely  pointed  pencil,  or  any  other  non-elastic  matter. 

The  mineral  fragment  must  be  looked  at  with  a  Coddington  lens 
in  order  to  observe  the  slightest  change  in  the  consecutive  experi- 
ments. 

There  are  three  experiments  to  be  made,  the  first  two  with  the 
mineral  alone,  but  introduced  at  different  temperatures  for  one 
minute  ;  the  third  is  made  in  the  high  temperature,  but  with  addi- 
tion of  gypsum,  and  exposing  to  this  high  temperature  for  two 
minutes.  The  results  observed  are  inscribed  in  blank  forms,  which 
must  have  columns  for  every  observable  phenomenon,  so  that  after 
the  three  experiments  we  get  a  group  of  characters,  which  enables 
us  to  give  the  name  of  the  feldspar,  supposing  that  it  was  in  a 
normal  condition,  or  at  least  not  far  from  it. 

The  next  table  shows  the  order  of  succession  of  the  three  ex- 
periments and  their  numerical  results,  not  only  for  the  ten  series 
of  feldspars,  but  also  for  some  feldspathic  minerals  found  in 
volcanic  rocks,  especially  of  newer  date.  At  the  end,  two  com- 
mon minerals,  the  amphibole  and  augite  of  one  special  locality  in 
Hungary,  are  exhibited  in  their  somewhat  unusual  behavior ;  both 
those  minerals  being  usually  fusible  4-5. 


n 


5i 


l!l 

S  iiiiiiif.i  s 

S  453333353  83  3833  3 

il 

M    1 

'  3-333:333  -I  233-  3 

i.  2 

S  -I":3-5S  3"  "3"  - 

i 

s 
1 

li 

§     1  iiagriliii 

I-J333S33  -:  -33-  2 

S— ""-  -3  323»  = 

31— J3S5!  3-  -"-  2 

i 

i 

ij 

ii-ilil-iil!, 

Il    ftltlillil 

f-I'noienjjo 

S  3"3II33-=  -3  "!3  • 

w  2 

•     ^  — seeeoa     „7     -^Js     o 

K     2 

2  3I":3SS5  3"  """  - 

1 

M 

ml  ■ 

1! 

iji 
iiir 

1 

1 

266  DETERMINATIOK  OF  FELDSPARS  ; 

In  the  first  experiment,  without  the  chimney,  the  mineral  is  in- 
troduced at  the  lower  temperature  (5  mm.)  for  one  minute.  The 
coloration  caused  by  the  sodium  is  estimated,  and  then  immedi- 
ately the  observation  with  the  blue  indigo-fluid  is  taken  in  order 
that  it  may  be  completed  at  the  end  of  one  minute.  After  this 
time  the  holders  are  removed  and  the  grains  observed  with  a  lens 
in  order  to  give  a  number  to  the  degree  of  fusibility  and  to  its 
quality.  All  results  are  noted  in  their  respective  columns  on  the 
form. 

Second  experiment.  The  chimney  is  put  on,  the  platinum  wire 
is  placed  at  such  a  height,  that  it  may  reach  the  region  where  the 
highest  temperature  is  obtainable.  All  the  observations  are  the 
same  as  in  the  first  experiment,  except  that  for  the  degree  of  fusi- 
bility as  well  as  for  its  quality  which  is  now  conclusive. 

Tliird  Experiment,  The  same  grain  is  exposed  to  the  same 
temperature  again,  but  after  having  been  moistened  with  distilled 
water,  and  brought  in  contact  with  powdered  gypsum,  in  order  to 
cover  it  with  it  on  all  sides,  and  in  that  state  it  is  introduced  into 
the  flame  for  two  minutes.  Now  only  the  degrees  for  sodium 
and  potash  are  noted. 

General  remarks  for  the  three  kinds  of  feldspars.  For  the  potash 
feldspars  the  presence  of  this  protoxide  element  in  a  higher  per- 
centage is  the  most  essential  character,  and  this  is  determined  by 
the  first  two  experiments,  the  potash  feldspars  showing  alone  the 
red  flame  and  none  of  the  plagioclastic,  soda,  or  lime  feldspars. 
The  first  experiment  will  therefore  determine  whether  the  feldspar 
is  an  orthoclase  or  a  plagioclase. 

The  potash  feldspars  are  not  acted  upon  by  concentrated  hydro- 
chloric acid  ;  there  is  only  a  very  small  quantity  of  sodium  extracted, 
so  that  the  solution  introduced  into  the  flame  produces  a  feeble 
yellow  tint. 

Vot  the  soda  feldspars  the  great  quantity  of  sodium  is  character- 
istic, and  visible  at  the  very  moment  when  the  mineral  is  introduced 
into  the  flame.  At  the  same  time  the  red  flame  must  be  absent. 
In  the  third  experiment  even  the  small  quantity  of  potash  con- 
tained in  the  soda  feldspars  becomes  visible.  The  oligoclases 
contain  always  more  or  less  potash,  but  among  the  albites  there 
also  occur  specimens  without  potash. 

The  oligoclasc  is  very  commonly  found  together  with  the  orth- 
oclase in  the  same  rock,  and  I  have  observed  that  whenever 
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the  orthoclase  is  poor  in  potash  (loxoclase)  the  oligoclose  contains 
also  very  little  of  it ;  bat  with  the  amazonite  or  perthite  a  variety 
of  oligoelase  is  always  associated,  in  which  the  percentage  of 
potash  is  correspondingly  higher. 

The  soda  feldspars  are  not  acted  upon  by  concentrated  hydro- 
cbloric  acid ;  the  solution  gives  only  a  slight  yellow  coloration  to 
the  flame. 

The  lime  feldspars  are  characterized  by  the  gradual  intensity  of  the 
yellow  flame,  the  absence  of  the  red  flame,  and  by  the  lower  degree 
of  their  fnsibility.  The  degree  of  fusibility  was  not  an  essential 
character  of  the  potash  and  soda  feldspars,  but  it  becomes  very 
important  in  the  case  of  the  lime  feldspars,  the  four  series  being, 
according  to  their  increasing  basicity,  less  and  less  possible. 

The  degi*ee  of  fusibility  for  the  andesine  is  5-3 

"         *'       "  "  "     "  labradorite  "  3-2 

*«         "       «  «  "     "   bytownite  "  2-1 

"   anorthite  "  1-0 
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The  quality  of  the  fused  material  shows  also  some  slight  pecu- 
liarities. The  anorthite  is  not  fusible,  or  fusible  only  at  jthe  points, 
the  fased  part  is  glassy,  and  contains  no  bubbles ;  the  bytownite  is 
similar  in  behavior  but  with  a  somewhat  more  advanced  degree  of 
fosibility ;  the  fused  labradorite  is  in  most  cases  a  whitish  or  grayish 
enamel,  not  unlike  to  some  chalcedony ;  the  andesine  shows  this 
character  only  in  the  first  experiment,  but  in  the  second  it  gives 
a  transparent  or  a  limpid  globule  with  bubbles  inside,  like  the 
oligoelase. 

It  must  be  remembered,  that  while  for  the  highest  and  lowest 
degrees  of  fusibility  the  size  of  the  grain  has  no  essential  influence, 
if  we  take  a  fragment  of  quartz  only  the  tenth  part  of  the  size 
required  by  the  method,  it  will  show  the  infusibility  in  the  same 
manner,  and  on  the  contrary,  if  we  take  of  borax  ten  times  as 
modi,  it  will  melt  nearly  as  easily  as  the  standard  size ;  but  it  is 
quite  difierent  with  the  middle  and  neighboring  degrees.  If  the 
grain  of  labradorite  is  somewhat  smaller,  it  shows  the  fusibility 
of  andesine ;  in  that  case  the  experiment  must  be  repeated  with  a 
somewhat  larger  fragment :  if  it  fuses,  it  is  andesine,  if  not  wholly 
foaible,  it  is  labradorite. 
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The  concentrated  bydrochloric  acid  exerts  very  little  action  when 
left  in  contact  with  the  andesine,  but  the  labradoiite  is  partly  de- 
composed, the  bytownite  still  more,  and  much  more  the  anorthite, 
the  protoxide  elements  being  accordingly  converted  into  chlorides, 
which  are  very  effective  in  coloring  the  flame. 

Tlie  fame  experiments  with  tJte  hydrochloric  solution. 

The  application  of  this  well  known  principle  is  carried  on  in  the 
following  manner :  I  put  in  a  short  glass  tube  (height  about  2  cm., 
diameter  5-6  mm.)  some  fine  fragments  of  the  mineral,  and  add  only 
as  much  of  the  concentrated  hydrochloric  acid,  as  is  requii-ed  to  cover 
it  completely.  The  glass  tube  covered  with  wax  is  left  for  twenty- 
four  hours ;  on  the  next  day,  at  the  same  hour,  I  take  out  a  drop  by 
plunging  in  a  thick  platinum  wire  (like  horse  hair),  which  ends  in 
double  spiral  rings.  While  the  thin  platinum  wire,  which  we  have 
employed  for  the  flame  reactions  with  the  solid  matter,  would 
produce  an  instantaneous  phenomenon,  of  which,  I  dare  say,  no 
use  could  be  made,  the  platinum  wire  of  the  thickness  mentioned 
will  separate  the  chlorides  according  to  their  volatility.  I  intro- 
duce the  drop  into  the  base  of  the  flame  on  the  front  sidd,  and  the 
following  phenomena  are  to  be  observed.  The  firet  is  the  A^ellowish 
red  coloration  caused  by  the  calcium  chloride,  but  mixed  with  the 
3'ellow  of  sodium.  To  be  certain  that  lime  is  present  even  in 
small  quantities,  I  use  a  direct-vision  spectroscope  which  shows 
the  red  and  orange  line  very  distinctly  even  for  a  trace  of  calcium. 
At  the  next  moment  the  great  bulk  of  the  yellow  coloration  makes 
its  appearance,  and  when  arrived  at  its  culmination,  the  i*ed  flame 
of  the  potash  chloride  may  be  observed  through  the  indigo  solution. 
The  last  of  the  usual  colorations  is  that  caused  by  lithium,  visible 
through  the  spectroscope. 

The  degrees  are  marked  about  in  the  same  manner  as  for  the 
ex[)eriments  in  the  dry  way  (see  the  table). 

The  platinum  wire  must  of  course  be  tried  first  alone  for  the 
coloration  of  the  flame,  and  then  moistened  with  the  same  acid, 
which  is  used  for  the  decomposition  of  the  mineral  powder. 

On  the  accompanying  table  we  find  the  leucite  as  another  potash 
mineral,  having  similar  characters  as  the  adularia  in  the  diy 
experiments ;  but  if  we  consider  the  flame  reaction  of  the  hydro- 
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cliloric  solution,  then  the  great  difference  between  the  two  will  be 
evident.  The  same  is  the  case  with  nepheline,  nosite,  sodalite 
or  soda  minerals ;  we  find  in  the  columns  of  the  hydrochloric 
sojution  the  greatest  quantity  of  sodium,  together  with  a  high 
degree  of  potash,  while  the  soda  feldspars  color  with  their  hydro- 
chiortc  solution  the  flame  for  soda  very  feebly,  and  for  potash  not 
at  all. 

For  finding  the  calcium  in  snch  compounds,  which  are  not  acted 
upon  by  hydrochloric  acid,  for  instance  to  make  a  distinction 
between  oligoclase  and  andesine,  I  make  use  of  the  microchemical 
method  of  Boricky,  by  attacking  the  feldspar  by  hydrosilicofluoric 
acid,  which  shows  the  peculiar  forms  of  calcium-silico  fluoride 
in  the  andesine  in  larger  quantity,  and  very  little  or  none  in  the 
evaporated  drop  of  the  oligoclase  solution. 

Concluding  remarks. 

The  method  of  determining  the  feldspars  can  be  employed 
also  for  other  classes  of  minerals  with  equally  good  results, 
but  of  course  the  alkalies  giving  the  coloration,  for  minerals 
not  containing  alkalies,  the  result  will  be  only  the  determi- 
nation of  fhsibility.  For  the  zeolites  it  gives  some  groups  not 
only  according  to  their  volatile  constituents  coloring  the  flame,  but 
also  for  the  quality  of  the  fused  material,  some  being  fdsible  with 
intomescence,  some  without  it.  It  is  very  important  also  for  the 
great  class  of  the  bisilicates  (anphibole,  augite,  diallage,  hypers- 
thenite,  enstatite,  etc.) 9  and  it  shows  that  some  of  them  contain 
in  more  eases  potash  or  sodium,  or  both  of  them,  than  has  hitherto 
been  supposed.  There  is  a  peculiar  class  of  silicates  however,  the 
micaceous  minerals,  for  which  the  result  in  respect  of  the  quanti- 
tative indications  is  not  the  same  as  for  the  feldspars.  The  color- 
ation caused  by  the  potash  never  corresponds  with  its  percentage, 
it  is  always  less.  For  this  class  of  minerals  I  make  use  of  the 
method  of  Boricky. 

The  results  obtained  for  the  feldspars  will  give  preliminary 
indications  for  their  chemical  analysis,  knowing  approximately  the 
limits  for  the  sodium  and  potassium ;  the  limits  for  the  other  ele- 
ments are  given  too.  But  its  great  importance  in  the  lithological 
study  of  the  crystalline  rocks  may  be  inferred  by  the  fact,  that  it 
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is  the  unanimous  conviction  with  petrographers,  that  every  kind  of 
a  rock  mass  can  be  best  determined  by  the  mineral  association 
found  in  it,  and  of  all  minerals  it  is  the  kind  of  feldspar  which  is 
the  most  important.  Tiiere  was  a  time,  when  we  have  been  con- 
tented to  say  feldspar  generally ;  then  came  a  time  when  we  said 
orthoclase  and  plagioclase,  but  now  we  know  that  this  is  not 
enough ;  we  must  discern  among  the  plagioclases  according  to 
their  basicity  at  least  an  oligoclase-andesine,  a  labradorite  and  a 
bytownite-anorthite.  When  we  take  a  certain  cj'cle  of  a  well  defined 
eruption,  for  instance,  the  eruption  of  the  trachytic  family,  we  find  a 
correlative  between  the  feldspar  and  the  relative  age :  the  trachyte 
with  orthoclase-oligoclase,  having  the  most  acid  constitution,  was 
the  first  product  of  eruption,  and  the  trachyte  containing  bj'townite- 
anorthite  and  correspondingly  having  the  most  basic  constitution, 
was  the  product  of  the  last  eruption,  while  the  labradorite-trachytes 
are  to  be  found  between  these  two  extremes.  And  that  is  the 
case  for  the  cycles  of  other  eruptions  too,  as  far  as  some  instances 
indicate  it. 

In  the  normal  state  of  a  rock  it  is  the  whole  mineral  association 
which  must  be  taken  into  consideration,  but  in  many  cases  the 
dark  colored  minerals  are  entirely  changed,  and  only  the  feldspar 
to  be  found  chemically  in  its  normal  state ;  then  the  determi- 
nation of  the  feldspar  is  the  only  possible  way  of  saying  some- 
thing of  the  lithological  and  chronological  character  of  the  rock 
in  question,  and  the  flame  experiments  furnish  us  with  the  result 
required  in  a  short  time  and  with  snfiQcient  exactness  for  the  pur- 
pose aimed  at.^ 

1  EiDC  neiie  Mcthode  die  Feldspathe  nuc.h  in  Geeteinen  zu  bestimment  von  Dr.  J. 
SzAbo.    DudapeFt,  187C.    Berlin,  Friedlilnder. 

Elcmente  einer  neuen  chemiach  mikroakopischen  Mineral  and  Ckateinaanaijae,  tob 
Dr.  £.  Boricky.   Prag,  1877. 
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Application  of  Oboakic  Acids  to  the  Examination  of  Min- 
erals. Third  Paper,  By  H.  Carrington  Bolton,  of 
Hartford,  Conn. 

37.  In  the  two  papers  previously  published  under  the  same  title^ 
we  have  shown  that  citric  acid  has  a  power  of  decomposing  min- 
erals little  less  than  that  possessed  by  hydrochloric  acid,  and  that 
the  organic  acid  can  be  advantageously  employed  in  field-work  for 
assistance  in  determining  species.  In  the  second  of  these  papers 
we  stated  that  the  results  obtained  by  the  prolonged  action  of  citric 
acid  on  minerals  differed  greatly  from  those  recorded  in  the  ac« 
companying  tables,  and  gave  notice  of  our  intention  to  return  to* 
the  subject  at  a  subsequent  period.  We  have  continued  our  re- 
searches and  gained  a  few  additional  facts  which  we. deem  of  suffi- 
cient interest  to  warrant  a  third  or  supplementary  paper  on  the 
sabject. 

The  results  given  in  the  tables  (here  reproduced  for  convenience) 
were  obtained  by  acting  on  the  minerals  in  fine  powder :  first,  in  the 
cold  for  a  few  hours,  and  secondly,  at  a  boiling  heat  for  a  few  min- 
utes. We  find,  however,  that  many  species  which  resist  the  brief  ac- 
tion of  a  boiling  concentrated  solution  of  citric  acid  are  more  or  less 
completely  decomposed  by  prolonged  contact  with  the  same  solu- 
tion at  the  ordinary  temperature  of  the  work-room,  say  60°  to  70° 
Fahr.  But  a  small  number  of  the  two  hundred  minerals  embraced 
in  the  tables  were  submitted  to  the  prolonged  action  of  the  acid 
solution,  and  those  tested  were  selected  as  representative  of  groups, 
Bulphides,  oxides,  silicates,  etc.  The  progress  of  decomposition 
was  noted  at  various  periods  from  a  few  days  to  more  than  two 
years.  A  solution  of  citric  acid  concentrated  in  the  cold  was  used 
in  all  the  experiments. 

38.  Sulphides,  Chalcocite  showed  signs  of  decomposition  at 
tlie  end  of  ten  days,  and  at  the  expiration  of  several  months 
3'ielded  a  partial  solution  of  a  pure  green  color. 

Ullmannite  showed  signs  of  decomposing  in  two  days,  and  af- 
forded in  a  month  a  very  dark  colored  solution. 

Arsenopyrite  was  attacked  in  a  few  days.  Pyrite  showed  de- 
cided evidence  of  decomposition  in  eight  days ;  one  month  later 
the  solution  acquired  a  reddish  yellow  color  and  reacted  for  iron 
and  sulphuric  acid. 

<  Annals  N.  T.  Acad.  Sciences.   YoL  I,  p.  1, 1877,  and  Vol.  II»  p.  1, 1880. 
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Chalcopyrite  acts  similarly,  the  solution  being  of  a  gi'eenish 
yellow  hue  and  reacting  for  copper  and  sulphuric  acid.  One 
gramme  of  the  mineral  lost  about  eleven  per  cent  of  its  weight 
after  fourteen  months'  contact  with  the  acid  solution.  In  general 
quantitative  experiments  were  not  conducted,  for  it  soon  became 
clear  that  the  amount  of  decomposition  was  proportionate  to  the 
time  and  would  require  more  attention  than  the  results  to  be  gained 
warranted. 

Smaltite  was  decidedly  attacked  after  eight  days— the  presence 
of  sulphuric  acid  in  the  colored  solution  was  noted.    Tetrahedrite 
was  strongly  attacked  in  about  four  months.    Cinnabar,  orpiment, 
.argentite  and  pyrargyrite  resisted  the  acid  solution  altogether. 

89.  Oxides,  The  experiments  recorded  in  this  brief  supplement 
were  made  with  only  those  minerals  which  resisted  the  acid  solu- 
tion on  boiling,  and  since  it  was  obviously  useless  to  test  such 
bodies  as  quartz,  corundum,  rutile,  etc.,  only  the  three  oxides  of 
iron  remained  of  this  class  for  examination. 

Magnetite  and  limonite  were  strongly  attacked  in  eight  days ; 
hematite  yielded  much  more  slowly,  showing  decided  decomposi- 
tion after  several  months. 

Exposure  to  sunlight,  as  might  be  expected,  diminished  the 
intensity  of  the  colored  iron  solutions. 

40.  Silicates.  Of  the  silicates  examined  datolite  is  by  far  the 
most  quickly  decomposed  by  the  acid  solution  ;  after  twenty-four 
hours  it  yields  gelatinous  silica.  Datolite  should  probably  be 
transferred  from  column  H  of  the  tables  to  column  D. 

Hornblende,  pyroxene,  almandite,  epidote,  vesuvianite  and 
serpentine  were  decidedly  decomposed  in  eight  days;  after  one 
month  hornblende,  almandite  and  epidote  yielded  colored  solutions 
and  slimy  silica,  and  serpentine  gave  gelatinous  silica.  After 
fourteen  months  contact  with  the  acid  solution  (occasionally 
agitated)  the  hornblende  and  pyroxene  were  very  completely 
decomposed,  the  solutions  having  a  dark  brown  color  and  full  of 
floating  silica.  Actinolite  seems  to  be  less  easily  decomposed 
than  common  black  hornblende.  The  serpentine  after  fourteen 
months  yielded  a  dry  gelatinous  mass. 

The  feldspars  are  very  unequally  attacked  under  similar  condi- 
tions. Labradorite  yields  the  easiest,  decomposition  being  noticed 
after  eight  days  and  slimy  silica  forming  in  the  course  of  some 
months.  Orthoclase  and  oligoclase  showed  marked  signs  of  decom- 
position after  eight  months,  but  albite  is  doubtful.    Tourmaline 
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&nd  staurolite  yielded  to  the  acid  after  four  or  five  mouths,  the 
latter  forming  a  solution  colored  by  iron  and  slimy  silica.  Talc 
and  kyantte  appear  to  resist  the  action  of  citric  acid. 

Muscovite  and  biotite  yield  very  slowly,  the  latter  showing  signs 
of  decomposition  the  sooner.  After  two  years'  subjection  to  the 
acid  solution  very  minute  scales  of  mica  separate,  and  some  slimy 
silica  appears  in  the  slightly  colored  liquid. 

41.  We  have  detailed  these  simple  observations  somewhat 
minutely  because  we  believe  they  have  an  important  bearing  on 
geological  disintegration  and  erosion.  At  the  Saratoga  meeting 
of  the  A.  A.  A.  S.,  my  friend  Dr.  Alexis  A.  Julien  presented  an 
exhaustive  summary  and  analysis  of  all  known  observations, 
concerning  the  geological  action  of  the  humus  acids  3;  in  this 
paper  he  notes  the  negative  character  of  the  results  I  had  obtained 
with  a  number  of  minerals,  e.  g,,  pyrite,  augite,  hornblende,  the 
feldspars,  micas,  etc.,  and  says :  ^'  but  the  nature  and  strength  of 
the  solvent  employed,  and  the  brief  duration  of  each  trial  seem 
at  present  insofScient  to  justify  generalizations,  notwithstanding 
the  suggest! veness  of  certain  results."  My  subsequent  observa- 
tions have  confirmed  his  views.   Generalization  is  still  of  doubtful 

alue,  yet  we  are  tempted  to  make  the  venture.  In  the  following 
table  we  have  arranged  the  chief  rock-forming  minerals,  with  a 

SHOWING  APPROXIMATE  BELATIVE  DISINTEGRATION  OF  ROCK-FORMING 
(AND  ASSOCIATED)  MINERALS  BT  CITBIC  ACID  IN  SOLUTION. 


Slowly 
deeompoied. 

Very  $lowly 
decomposed. 

Not 
decomposed. 

Carbonates, 

Phosphates, 

Procnlorite, 

Chrrsolite, 

NepbelUe. 

Serpentine, 

Pyroxene, 

Hornblende, 

Labradorite, 

Garnet, 

Epidote, 

VesuTlanlte, 

Prrite, 

Limonite, 

Magnetite, 

Gypsum  ( 7). 

Oi-thoclase, 

Oligoclase, 

AIbite(?), 

Biotite, 

Muscovite, 

Tourmaline, 

Staurolite, 

Hematite. 

Quarts, 

Corundam, 

Spinel, 

Beryl. 

Flnorlte, 

Bnrite. 

Talc(?), 

Kyamte(?). 

few  of  their  associates,  under  four  heads  indicating  their  relative 
disintegration  by  citric  acid ;  the  position  of  each  mineral  is  of 
course  only  approximate,  and  it  is  not  intended  to  indicate  that  all 
the  species  in  one  column  are  equal  in  degree  of  their  decomposi- 
tion.     The*  application  of   this   table  to  the  consideration  of 

*  Proceedings  Am.  Assoc.  Ad?.  Sci.,  Saratoga  MeeUng,  Vol.  28,  p.  811, 1879. 
A.  A.  A.  S.,  VOL*  XXXL  IS 


274 


APPLICATION   OF   ORGANIC   ACIDS  ; 


geological  phenomena  is  a  subject  which  I  do  not  venture  to  discass ; 
if  we  have  a  right  to  assume  that  the  disintegrating  effect  of  the 
acids  of  humus  differs  from  that  of  the  other  organic  acids  in 
degree  rather  than  in  kind,  the  Table  maj- prove  a  small  contribution 
to  chemical  geology. 

SHOWING  TUE  BEHAVIOR   OF  CERTAIN   MINERALS  WITH  CITRIC  ACID, 

ALONE  AND  WITH  REAGENTS. 


I. 
Decomposed  (in  fine  powder)  by  a  saturated  solution  of  Citric  Actd. 

1.  IN  TUB  cold. 


A. 

B. 

C. 

D. 

ffUIumt  evolution 

With  liberation 

With  liberation 

With  geparation 

0/  gas. 

of  CO,. 

of  H^S. 

of  Si  Of. 

ClauPthalite, 

Calcite,  I 

Stibnite, 

Wollastonite, 

Leucopvrite, 

Dolomite* 

Galen  ite, 

Rhodonite,! 

Atacninitc, 

Ginhotlte, ! 

Alabanditc,  f 

Chiysolite, 

Brticile, 

Ankcrile,* 

Sphalerite, 

WillcmiteJt 

Gum  mi  to. 

HhoUochrosite,* 

Pynhotite. 

Nephelitc, 

Pyiomorphlte,* 

Smilhsonite,* 

Lapis  lazuli. 

Mimelite, 

AraKonltc.  1 

Cliondrodite, 

Triphviite, 

Wilherite,r 

Pcotolite.rj 

Triplite. 

Sti'ontianite,  I 

Laumontile,!  t 

Vivwiiiite.f 

Barylor.alcite,  I 

Chrysocolla,  1 

Lil)cthenite,  I 

Cerussite,  t 

Calamine.!  J 

OlivonitP,  1 

Malachite,! 

Apophvllite, 

Pseiulomalachite, 

Azurite.* 

Thom^bnitc,! 

Wavellite, 

Natrolite,!  J 

Phannacosiderite,! 

Mesolite,  1 

Torbernite, 

Analcite, 

Autunite, 

Chabazite, 

Uk'xite.I 

Hei  8chelite,  % 

Crvptomorphite, ! 

Stilbite. 

Aiiglegite. 

Dewevlite, 

Brochaatitc.  1 

Piochloritc. 

2.  ON  BOILING. 


E. 

F. 

G. 

H. 

Without  evolution 

WUh  liberation 

With  liberation 

With  separation 

of  ga$. 

of  COy 

of  ff^S. 

of  SiOr 

Cuprite,! 

Ilniismannite,! 

Born  ite, 

Tephroite,t 

Zincite, 

Pyrolusite,  !t 

Janicsonite,* 

llvalte, 

Mflaconite, 

Mangjinitc.t 

Bourn  on  ite.* 

Phloffoplte,* 
Datolitc.tt 

Goctliite,* 

l*.silomL'lane,  It 

Boulangerite, 

Limonite,* 

Wad,  It 

Kermcsite. 

Prehnite,* 

Allanile,  (?) 

Magnesitc, ! 

Jleulnndite, 

Apatite,* 
Wolfrnmlte,* 

Siderite.  1 

Serpentine, 

Chrvsotile, 

Wulfenite, 

Retmalite, 

Crocoite, 

Bastite, 

Gypsum.* 

Genthite, 
Gieseckite,* 
Jofferisite, 
Masonite.* 

and 

and 

and 

and 

those  in  A. 

those  in  B. 

those  in  C, 

those  in  D. 

BT  H«   C.   BOLTOK. 


275 


II. 

DBOOMFOSED  BT  A  BOILTNO  SOLUTION  OF  ClTBlC  ACXD  MIXED 


I.  WITH  Sodium  Nitrate. 


Silrer, 

Mercniy, 

Copper, 

Arsenic, 

AnfiniOD3r, 

Bismuth, 

Snlpbur.* 

Bi&mutbinite, 

Domeykite,  f 

Arjrentlte, 

Hes^site, 

Chalcocite,  I 

Ticmannite,  I 

Alillerite^t 

Niccolite,  I 

PTTite,  I 

Chalcopyrite,  I 

Linnaeite, 

SnuUtite,  I 


Cobaltitc,  I 
Ullmannite, ! 
MaixuislCe.  I 
ArseDouyritet  I 
Nagyaeite, 
Covellite,  I 
Berthierite,  1 
PyrargjTite, 
Tetrahedrite,  I 
Tennantite, ! 
Stcphanite, 
PoIyb<i8ite,  i 
Enargite,  I 
Uranlnite,  I 
UUbncrite. 

and  those  in 
Cand  (?. 


K.  with  Potassium  Iodide. 


Realgar,* 

Orpimcnt,* 

Cinnabar,  I 

Hematite,* 

Menaccanite,* 

Washingtonite,* 

Magnetite,* 

Franklinite, 

Hraunite, 

Eribtatite, 

Hypersthene, 

Aiigitc, 

Spodiiracnc,* 

Hornblende,* 

Actinolite.* 

Pargasltei* 


Olivine, 

Almandlte, 

Pyrope, 

Colophonite, 

Epidote. 

and  most  of 

Ihostin 

A,  n,  C,  A  JS,  Fj 

G,  fft  and  I. 


III. 
L.  HINEBALS  NOT  DECOMI'OSED  BT  THE  ABOVE  REAGENTS. 


Graphite, 

lolite, 

Talc, 

Labradorite, 

Molybdenite, 

Biotite, 

Kaolin, 

Ollgoclase, 

Pronstiic, 

Muscovite, 

RIpidoIite, 
Columbitc, 

A 1  bite. 

Flnorite, 

Lepidolite, 

Orthoclase, 

Cryolite, 

Wernorite, 

Samarskite, 

Tourmaliuei 

Cornndum, 

I/eucite, 

SpinPl. 

Scheolite, 

I>iopside, 

Andalusite, 

Chromite, 

Barite, 

Petaliie, 

Fibrolite, 

Chrysoberyl, 

Celestite, 

Aobestua, 

Kyanite, 

Catisilei'ite, 

Anhydrite. 

Beryl. 

Topaz, 

Kutilc, 

Zireon, 

Titanite, 

Quartz, 

(Two  hundred 

V'eRnTianite, 

Suinrolite, 

Hvalite, 

Bpociea.) 

Zoialte, 

Bowenite, 

Anorthite, 

X.  B.— The  gases  evolved  are  examined  with  acetate  of  lead  test  paper,  the  sola- 
tioDS  with  appropriate  reagents. 

The  kind  and  degree  of  action  are  indicated  in  the  above  Tables  by  the  following 
•igns : — 

I  Completely  decomposed  or  dissolved. 

*  Feebly  attacked. 

t  The  CO,  evolved  is  derived  fW)m  the  Citric  Acid. 

I  Gelatinizes. 
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Carbon  Dioxide  as  a  Constituent  op  the  Atmosphere.  By 
Ernest  H.  Cook,  of  Newton  Villa,  Southville,  Bristol,  Eng- 
land. 

[abstract]. 

Although  occurring  in  such  a  relatively  small  amount  in  tbe 
atmosphere,  this  substance  has  taken  a  leading  part  in  effecting 
geological  changes  and  in  building  up  strata  of  immense  thickness. 
We  are  apt  to  underrate  its  influence.  When  it  is  remembered 
that  were  it  not  for  its  presence  in  the  atmosphere,  no  coal,  ver3'' 
little  limestone,  probably  no  vegetable,  and  hence  little  animal 
life  could  exist,  we  at  once  see  its  importance. 

In  the  present  communication  the  author  calculates  the  absolute 
amount  of  dioxide  existing  in  the  atmosphere,  notices  the  sources 
whence  the  supply  is  derived,  the  amount  yielded  by  each, 
and  the  causes  at  work  abstracting  dioxide  from  the  air.  On 
many  of  these  points  our  knowledge  is  so  unsatisfactory  and  frag- 
mentary that  the  author  hopes  the  attention  of  scientific  men  may 
be  called  to  a  subject  of  such  importance  to  the  geologist,  meteo- 
rologist and  chemist. 

Amount  of  Carbon  Dioxide  in  the  Atmosphere. 

Two  things  are  necessaiy  in  order  to  determine  this,  viz. :  the 
capacity  of  the  atmosphere  and  the  percentage  of  CO^  contained 
by  it.  Taking  the  lengths  of  the  polar  and  equatorial  diameters 
of  the  earth  and  of  the  height  of  the  homogeneous  atmosphere,  it 
is  easy  to  calculate  the  capacity  of  the  atmosphere.  This  is  found 
to  be  equal  to  591,647,337  cubic  miles,  or  2,439,987,200,000  mill- 
ions  of  kilolitres.  With  regard  to  the  average  amount  of  dioxide 
contained  in  air,  experimenters  differ.  The  older  chemists  Dumas 
and  Boussingault,  Loewy  and  Saussure,  have  published  results 
which  yield  a  mean  of  4  volumes  in  10,000  of  air,  or  4 J  parts  in 
10,000  by  weight.  On  the  other  hand,  more  recent  experiments 
conducted  by  Thorpe,  Fittbogen  and  Hasselbarth,  Farsk}',  Reiset 
and  others,  indicate  that  3  volumes  in  10,000  of  air  is  the  con-ect 
number. 

Assuming  the  first  of  these  numbers  to  be  the  true  one,  we  find 
that  the  amount  of  CO,  in  the  atmosphere  is  very  nearly 
1,913,686,000  millions  of  kilogrammes,  while  if  we  take  the  more 
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recent  determinations,  we  find  1,435,265,000  millions  of  kilo- 
grammes. These  numbers  differ  considerably  from  those  previ- 
OQsiy  given.  Thus  Dumas  and  Boussingault  say^  that  the  air  is 
equal  in  weight  to  581,000  cubes  of  copper,  each  having  a  side  of 
1  kilometre — a  number  which  is  40  per  cent  higher  than  the  greater 
of  the  two  numbers  stated  above.  Again  Roscoe  and  Schor- 
Icmmer^  state  that  ^^  the  amount  of  CO^  in  the  atmosphere  reaches 
to  upwards  of  8,000  billions  of  kilogrammes"  which  is  again  33 
per  cent  above  the  same  number. 

Sources  toJience  the  air  derives  its  Carbon  Dioxide, 

These  may  be  grouped  as  follows : 

(1).  Combination  of  carbonaceous  bodies. 

(2).  Respiration  of  animals. 

(3).  Decomposition  of  animal  and  vegetable  substances. 

(4).  Volcanoes  and  other  subterranean  supplies.  Under  the 
first  heading  is  included  the  amount  produced  by  the  burning  of 
coal,  wood,  peat,  etc.  Taking  the  statistics  which  have  recently 
been  issued  with  regard  to  the  amount  of  coal  raised  in  the  world, 
it  will  be  found  that  for  the  last  three  years  at  least  280,000,000 
of  tons  have  been  raised  annuall}'.  Assuming  75  per  cent  of  this 
consists  of  pure  carbon,  and  allowing  a  further  10  per  cent  for 
the  carbonaceous  material  thrown  away  with  the  ash,  we  leave 
182,000,000  of  tons  which  are  annually  converted  into  carbon 
dioxide.  Thus  there  is  daily  added  to  the  atmosphere  from 
this  source  1,800,000,000  of  kilogrammes  of  dioxide.  By  the 
combustion  of  wood,  peat,  oil,  etc.,  we  may  assume  one-third 
more  to  be  added,  thus  making  a  total  of  2,400,000,000  of  kilo- 
grammes per  day  derived  from  the  combustion  of  carbonaceous 
substances. 

In  the  case  of  the  respiration  of  animals  we  can  only  form  an 
appi'oximate  estimate.  The  population  of  the  world  is  at  present 
about  1,500,000,000,  and  experiment  shows  that  an  average  indi- 
vidual produces  about  one  kilogramme  of  CO2  in  a  day  of  twenty- 
foor  hours.  Thus  the  human  race  in  respiring  adds  daily  to  the 
air  1,500,000,000  kilogrammes.  From  the  lower  animals  we  may 
consider  twice  this  amount  to  be  derived ;  tbus  from  the  whole 

1  Ann.  Oh.  Phys.,  iii,  267, 288. 

s  Treatise  on  Chemistry,  Vol.  I,  p.  449. 
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animal  kingdom  about  4,500,000,000  of  kilogrammes  of  dioxide 
are  daily  added  to  the  atmosphere. 

The  decomposition  of  vegetable  and  animal  substances  must 
obviously  yield  a  large  quantity  of  dioxide  ;  but  practically  noth- 
ing is  known  of  the  nature  of  the  change  oi^  of  the  amount  pro- 
duced. In  order  to  fix  our  ideas  we  may  assume  that  this 
source  yields  the  same  quantity  as  is  yielded  by  man,  viz.: 
1,500,000,000  kilogrammes. 

The  last  source  mentioned  is  b}'  far  the  greatest.  Not  only  do 
active  volcanoes  produce,  but  extinct  and  volcanic  districts  join 
in  increasing  the  quantit3^  Considering  the  immense  area  cov- 
ered by  these  districts  and  the  immense  quantity"  of  gas  evolved, 
we  must  conclude  that  by  far  the  greatest  amount  of  atmospheric 
dioxide  has  been  obtained  from  this  source.  In  fact,  Poggendorflf 
calculated  that  ten  times  as  much  is  produced  by  volcanoes  as  by 
all  the  other  sources  put  together.  Allowing  for  the  amounts  pre- 
viously given  being  larger  than  similar  numbers  used  by  Poggen- 
dorflf, we  may  take  it  that  40,000,000,000  kilogrammes  are  daily 
given  to  the  atmosphere  from  these  subteiTanean  sources. 

Finally,  if  we  add  together  these  various  amounts,  we  find 
that  the  air  is  daily  receiving  an  addition  of  about  50,000,000,000 
of  kilogrammes  of  carbon  dioxide.  Dividing  the  absolute  amount 
contained  in  the  whole  atmosphere  by  this  number,  we  find  tliat 
the  amount  of  carbon  dioxide  in  the  atmosphere  loould  be  double 
wliat  it  is  at  ^yresent  in  about  one  hundred  years  if  there  were  no 
means  of  compensation.  PoggendorfF,  who  made  a  similar  esti- 
mate, gave  three  hundred  eighly-six  years  as  the  time  required  to 
double  the  amount  of  CO2  in  the  air.  The  diflference  is  explained 
by  the  absolute  amount  of  CO2  being  at  that  time  considered 
greater  than  it  really  is,  and  also  by  the  amount  of  carbonaceous 
matter  burnt  being  greater  now  than  in  his  time. 

The  disagreeable  nature  of  the  reflections  called  up  by  this  last 
calculation  disappear,  however,  when  we  come  to  consider  the 

Compensating  Influences. 

The  known  causes  at  work  removing  the  dioxide  may  be  con- 
sidered under  three  heads,  viz. : 

(1).  Fixation  of  carbon  by  growing  plants. 

(2).  Removal  of  dioxide  by  zoophytes. 

(3).  Absorption  of  dioxide  by  inorganic  chemical  actions. 
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The  first  cause  here  mentioned  is  one  which  is  essential  to  veg- 
etable growth.  In  estimating  its  magnitude  we  are  met  by  the 
want  of  reliable  experimental  data,  making  it  almost  impossible 
to  arrive  at  any  deOnite  conclusion. 

Certain  experiments  have  shown  that  speaking  approximately, 
a  square  metre  of  leaf  will  decompose  one  litre  of  COj  per  hour 
iu  sunlight.  The  area  of  the  land  capable  of  bearing  vegetation 
amounts  to  49,400,000  square  miles.  Assuming  the  area  of  leaf 
borne  by  this  land  to  be  50  per  cent  of  this  amount,  we  find  that 
about  63,726,000,000,000  of  square  metres  of  leaf  are  hourly  en- 
gaged in  purifying  the  atmosphere.  .This  decomposing  effect  will 
go  on  for  about  ten  hours  out  of  every  twenty-four,  but  will  be 
less  active  in  the  autumn  and  winter  months  than  in  spring  and 
summer. 

Taking  all  things  into  consideration  (allowing  25  per  cent  for 
dimination  in  winter)  we  find  that  vegetation  daily  decomposes 
about  478,000,000,000  of  kilolitres  of  COj,  or  about  900,000,- 
000,000  of  kilogrammes,  an  amount  which  is  much  greater  than 
the  amount  produced  from  all  sources.  The  magnitude  of  the 
action  exerted  by  plants  is  surprising,  but  it  must  be  remembered 
that  during  darkness  plants  expire  COj.  No  account  is  taken  of 
this  action  here,  as  no  quantitative  experiments  seem  to  have  been 
made  upon  it.  The  author  thinks  that  this  action  goes  on  to  a 
greater  degree  than  is  usually  supposed. 

The  second  great  action  going  on  iu  nature  is  effected  by  the 
interposition  of  animal  life.  It  consists  in  the  removal  from  sea- 
water  of  the  carbon  dioxide  held  by  it  in  solution,  by  certain  low 
forms  of  animal  life,  such,  for  example,  as  the  coral-builders  and 
the  foraminifera.  (Certain  other  forms,  such  as  brachiopoda  and 
lamcllibrauchiata  also  fix  CO2  as  calcic  carbonate ;  their  effects 
are,  however,  comparatively  insignificant.)  The  immense  influ- 
ence exerted  by  these  organisms  is  evident  when  we  look  at  the 
vast  masses  of  limestone  occurring  in  geological  formations  of  all 
ages  which  have  an  exclusively  organic  origin.  Nor  is  this  in- 
fluence confined  to  the  past.  Recent  deep-sea  soundings  have 
revealed  the  fact  that  foraminiferal  life  still  fiourishes  in  the 
depths  of  the  ocean,  while  we  know  that  coral-reefs  are  still  being 
constructed  in  the  warmer  seas.  In  short,  this  cause  must  be  con- 
sidered as  the  chief  one  which  is  active  iu  removing  dioxide,  but 
want  of  data  prevents  our  estimating  its  amount. 
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:d  action  going  on  in  nature,  effecting  tlie  pniification  oT 
a  purely  inorganic  one.  Included  under  thiB  he&d  are 
isseB  as  the  convcrBion  of  feldspar  into  kaolin,  the  decom- 
r  8uch  silicates  as  bornblende,  pyroxene,  etc.  TLelarge 
r  kaoliu  and  decomposed  feldspar,  which  ace  met  iritb  in 
sufficiently  prove  the  magnitude  of  this  action.  Thus 
;  of  carbonic  dioxide  equal  to  more  than  twenty-one 
:  of  our  present  atmosphere  would  be  absorbed  in  the 
I  from  oi'tboulase  of  a  layer  of  kaoUn  extending  over  the 
rface  with  a  thickness  of  600  metres,  an  amount  which 
represents  but  a  sipall  proportion  of  the  results  of  feld- 
cay  in  the  sedimentary  strata  of  the  globe."^  Evidently 
we  have  a  cause  which  has  an  important  influence  in 
lie  removal  of  atmospheric  carbon  dioxide.  It  is  impos- 
ever,  to  estimate  its  amount. 


General  ConctnaioRS, 

dent  that  if  the  compensating  influences  are  Just  equal 
Tect  to  the  productive  ones,  the  amount  of  carbonic  di- 
le  air  remains  constant,  but  an  insufficiency  of  data  pre* 
finite  answer  being  given  to  this.       We  know,  however, 

pix)cesseB  have  been  going  on  for  a  very  long  time.     In 

is  already  fixed  in  the  earth  an  immense  quantity  of 
to  many  hundreds  of  times  the  amount  contained  in  the 
mosphere.    This  must  have  been  derived  from  the  at- 

but  it  is  not  necessary  to  assume  that  it  all  formed 
le  time,  of  the  atmosphere.  It  must,  however,  be  evi- 
nt  one  time  more  COg  existed  in  the  atmosphere  than  at 

If  tbis  be  so,  the  compensating  influences  must  be  more 
than  the  producing  ones,  and  the  proportion  of  atmos- 
Kide  must  l>e  dimioiabing. 

trry  QuDt.  Chtmical  and  Oeotogtcal  Kelattoiu  of  Ihe  Almctpien.  ADiei> 
of  Sulence,  Mny.  IBSO. 

e  accept  Ur.  Huuri>tbeorylbBl«pnc«  ia  lllled  wltb  an  ■Imoapbero  ■Imllor 
iDd  thai  C0|  flicd  Id  Uia  eaitli  at  one  time  (acmed  part  of  th]>  QQlverail 
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A  SIMPLE  Laboratory  Device.     By  Ernest  H.  Cook,  of  New- 
ton Villa,  Southville,  Bristol,  England. 

[ABfiTBACT.] 

In  this  communication  the  author  described  an  improvement  in 
water  and  air  ovens  which  he  has  emploj^ed  with  advantage  in  his 
own  laboratory.  This  consists  in  applying  the  principle  of  the 
Bansen  water  pump  to  these  instiiiments.  Thus  instead  of  being 
closed  boxes  as  is  usually  employed,  a  current  of  air  is  drawn 
through  them  and  over  the  substance  to  be  dried.  With  this  simple 
addition,  the  time  of  drying  is  greatly  reduced  ;  and  without  any 
alteration  of  apparatus,  substances  can  be  completely  dried  at  a 
low  heat,  and  in  fact  at  the  ordinary  temperature,  by  simply 
increasing  the  rapidity  of  the  current  of  air  traversing  the 
chamber. 

The  same  principle  is  sometimes  usefully  applied  to  small 
portable  stink  cupboards  which  stand  upon  the  laboratory  bench. 
The  practical  details  are  so  simple  and  self-evident  that  a  descrip- 
tion is  annecessary. 


The  Action  of  Water  at  100®  C.  on  the  p  phentltribrom- 
paopioNic  ACID.  By  Leonard  P.  Kinnicutt  and  George 
M.  Palmer,  of  Cambridge,  Mass. 

lABSTRACT.J 

The  action  of  boiling  water  on  the  a  phenyl tribrompropionic 
acid  has  been  described  by  one  of  us  in  the  American  Chemical 
Journal  for  April.  Since  that  time  the  study  of  the  p  acid  has 
engaged  our  attention. 

This  acid  is  obtained  by  the  action  of  bromine  on  monobromcin- 
namic  acid,  and  is  a  crystalline  solid  soluble  in  alcohol,  ether,  bi- 
sulphide of  carbon  and  chloroform.  Its  melting  point  is  151®  C. 
and  not  48^  C.  as  given  by  Glaser  (Ann.  143,  P.  339),  nor  does  it 
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first  separate  out  as  an  oil.  The  acid  obtained  by  Glaser  was  evi- 
dently an  impure  substance. 

On  boiling  with  water  the  acid  is  decomposed,  a  bibromstyrol, 
whose  structure  we  have  not  as  yd  determined,  and  the  a  mono- 
bromcinnamic  acid  being  formed  ;  also  a  small  quantity  of  a  new 
acid,  very  soluble  in  water,  melting  at  184°,  which  on  analysis 
gave  amounts  of  carbon,  hydrogen,  and  bromine,  corresponding 
very  closely  to  what  would  be  obtained  if  the  substance  was  a 
phenylbibromlactic  acid. 

The  formation  of  the  same  a  monobromcinnamic  acid,  from  both 
the  a  and  ft  phenyltribrompropionic  acid  is  not  easily  explained. 
It  is  probably  caused  by  a  change  of  position  of  the  atoms  within 
the  molecule  at  the  moment  of  its  formation. 

We  are  at  present  engaged  on  a  further  study  of  the  above  re- 
action, together  with  the  products  formed  by  the  action  of  chlorine 
on  both  the  a  and  fi  monobromcinnamic  acids.  Chemical  LahoiVr 
tory,  Harvard  UniversUy. 


The  action  of  Baric  Hydrate  on  Chlortribrompropionic  Acid. 
By  C.  F.  Mabert  and  Ralph  Wilson,  of  Cambridge,  Mass. 

[abstract.] 

In  a  previous  paper  by  H.  C.  Weber  and  one  of  us,  it  was  stated 
that  chlortribrompropionic  acid  was  decomposed  when  heated 
with  baric  hydrate.  The  products  of  this  decomposition  were  not 
sufficiently  studied  to  enable  us  to  characterize  them  with  any 
degree  of  accuracy,  although  the  formation,  to  some  extent,  of 
tribromethylen  was  observed.  In  repeating  these  experiments 
we  find  that  chlortribrompropionic  acid,  when  heated  with  two 
molecules  of  baric  hydrate  in  aqueous  solution,  is  almost  completely 
decomposed  into  baric  bromide,  carbonic  dioxide  and  tribromethyl- 
en.   The  latter  product  was  absorbed  by  bromine  water,  the  ex- 
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cess  of  broTDine  allowed  to  evaporate  and  then  crystallized  from 
hot  alcohol. 

The  following  analysis  was  made  : 

0.1556  product  gave  0.3657  grms.  Ag  Br+ Ag  CI,  which  corres- 
ponds to  93.30  per  cent  4  Br  +  Cl.  Calculated  for  C^  Br^  CI  H 
93.40  per  cent. 

This  substance  melted  at  33^  and  was  probably  identical  with 
mouochlortetrabromethan,  melting  point,  obtained  by  Wallach  and 
Bischof  (Berlin  Berichte,  1878-751)  from  the  decomposition  of 
ilichloi'aci-ylic  acid.  Since  monocliloracetylen  obtained  in  this  re- 
action must  have  the  constitution  C  H=C  CI,  the  product  obtained 
by  us  must  have  the  hydrogen  and  chlorine  atoms  attached  to 
adjacent  carbon  atoms.  This  would  give  for  chlortribrompropionic 
acid  the  structure  C  CI  Brj  C  H  Br  COOH,  and  for  chlorbrom acry- 
lic acid  the  structure  C  CI  Br  C  H  COOH,  which  H.  B.  Hill  has 
already  inferred  from  the  relations  of  the  two  disubstituted  aciy- 
lic  acids. 


On  Certain  Sctbstituted  Acrylic  and  Propionic  Acids.  By 
C.  F.  Mabrrt,  of  Cambridge,  Mass.,  and  F.  C.  Robinson,  of 
Brunswick,  Me. 

Labstract.] 

By  the  action  of  In-omine  on  the  dibromacrylic  acid  first  obtained 
by  Fittig  and  Petri  from  dibromsuccinic  acid,  we  have  made  a  tet- 
rabrompropionic  acid  which  differs  essentially  in  its  properties 
from  the  tetrabrompropiouic  acid  obtained  by  H.  B.  Hill,  and  one 
of  us  (C.  F.  M.),  from  the  dibromacrj^lic  acid  derived  from  muco- 
bromic. 

We  have  studied  the  salts  of  this  acid  sufficiently  to  characterize 
it.  When  heated  with  baric  hydrate  the  acid  is  decomposed,  tri- 
broraethylen  being  the  chief  product  of  its  decomposition.  By 
the  action  of  alcoholic  potash  hydrobromic  acid  is  eliminated  with 
the  formation  of  tribromacrylic  acid  which  melted  at  117-118®. 

We  have  also  tried  the  action  of  bromine  monochloride  upon 
brompropiolic  acid.    Although  the  investigation  is  not  3'et  com- 
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pletcd  we  have  reason  to  believe  that  the  elements  of  bromine 
monochloride  are  taken  up  with  the  formation  of  dibromchloracry- 
lic  acid. 

Bromine  monochloride  was  made  by  the  action  of  chlorine 
upon  bromine  at  0^  in  a  chloroform  solution. 


Ok  the  Products  of  the  Distillation  of  Wood  at  Low  Tex- 
PEBATUBES.    By  C.  F.  Mabebt,  of  Cambridge^  Mass. 

[▲B8THACT.] 

This  paper  contains  a  description  of  the  results  which  I  have 
obtained  in  an  examination  of  the  volatile  products  of  the  dry 
distillation  of  wood.  I  have  isolated  acetic  aldehyde  and  identi- 
fied it  by  conversion  into  silver  acetate  which  has  been  analyzed. 
Methyl  formiate  also  was  obtained  in  considerable  quantity.  It 
was  saponified  with  plumbic  hydrate  and  the  plumbic  foimiate 
analyzed.  I  have  found  in  the  course  of  this  investigation  that 
methyl  alcohol  obtained  by  this  process  contains  a  much  smaller 
per  cent  of  aceton  than  is  usually  found  in  commercial  wood  spirit. 


Pbeliminabt  Notice  of  a,  New  Obganic  Base.    By  Albebt  B. 
Leeds,  of  Hoboken,  N.  J. 

lABSTHACr.l 

When  xylidine  in  alcoholic  solution  is  treated  with  acrolein, 
the  two  bodies  enter  into  combination  to  form  acrolein-xylidine 
(its  properties,  analysis,  etc.,  given),  and  water  is  eliminated.  By 
sublimation,  a  limpid  oil  is  obtained,  which  is  cryptidine. 

Description  of  its  properties,  chemical  relationships,  and  certain 
of  its  salts. 
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ElarriMATioN  of  Dextrosb  ik  Solid  Cohmercial  Starch  Sugar 
BY  LOSS  OK  Rotatory  Power  on  Solution.  By  Harvey  W. 
Wiley  and  C.  A.  Crampton,  of  Lafayette,  Ind. 

[AB8TKA0T.] 

It  is  not  generally  recognized  that  the  amorphous  starch  sugars 
of  commerce  have  the  same  property  of  losing  rotatory  power  on 
solation  and  heating  as  if  in  a  crystalline  state.  This  depends 
on  their  large  content  of  dextrose.  The  principle  of  determination 
used  by  the  authors  depends  on  the  well  known  fact  that  a  freshly 
prepared  solution  of  dextrose  has  a  rotatory  power  twice  as  great 
as  after  standing  a  few  hours  or  heating  to  the  boiling  point  for  a 
few  minates.  The  authors  show  by  tables  of  analysis  that  the 
dextrose  can  be  determined  in  this  way  with  reasonable  satisfaction 
in  all  starch  sugars  made  by  high  conversion.  Sugars,  however, 
which  still  have  a  large  percentage  of  maltose  and  dextrine  will 
not  permit  of  their  dextrose  being  determined  in  this  way.  This 
probably  arises  from  the  fact  announced  by  Meisl  that  maltose 
solutions  increase  in  rotatory  power  in  the  same  circumstances  in 
which  dextrose  solutions  decrease.  The  authors  exhibit  curves 
showing  the  rate  of  fall  in  rotatory  power  of  dextrose  solutions. 


Direct  Estixation  of  Dextrose,  Dextrine  and  Maltose  ik 
Commercial  Amylose  (Starch  Sugar).  By  Harvey  W. 
Wiley,  of  Lafayette,  Ind. 

[AB8TRA0T.] 

Tbe  process  is  founded  on  a  method  of  double  reduction  and 
polarization  proposed  by  me  at  the  Cincinnati  meeting  and  since 
that  time  practically  worked  out. 

The  specific  rotatory  power  and  percentage  of  reducing  matter 
of  the  sample  are  first  determined.  In  another  portion  of  the 
sample  the  whole  of  the  reducing  matter  is  destroyed  by  a  slight 
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excess  of  mercuric  cyanide  and  the  residue,  after  neutralization 
with  hydrochloric  acid  repolarized  in  a  tube  two  and  a  half  times 
longer  than  the  first  and  the  number  thus  obtained  multiplied  by 
two.  This  gives  the  specific  rotatory  ix)wer  due  to  dextrine  alone, 
from  which  the  percentage  of  dextrine  present  is  easily  calculated 
from  formulae  given  in  my  paper  at  the  Boston  meeting.  Having 
determined  the  dextrine,  the  maltose  and  dextrose  are  calculated 
from  formulas  given  in  the  paper. 

The  paper  contains  tables  of  anal^'ses  showing  the  results  ob- 
tained by  the  direct  method  compared  with  those  obtained  by  best 
approved  methods  heretofore  known. 


On  the  Constitution  op  Benzole.     By  L.  TV.  Andrews,  of  Brook- 
lyn, N.  Y. 

[ABSTRACT.] 

Claus  maintains  that  Hiibner's  benzole  formula  is  the  one  which 
best  accords  with  the  known  facts  of  isomerism  in  the  aromatic 
series. 

This  position  is  untenable,  because  the  formula  fails  to  explain 
the  existence  of  three  isomeric  forms  of  bisubstitution  products 
of  benzole,  unless  on  the  basis  of  a  method  of  interpretation  which 
cannot  consistently  be  carried  out  in  all  cases.  Several  consid- 
erations show  that  according  to  this  formula  the  compound  1-2 
should  be  identical  with  1-4.  These  points  are  mutually  inter- 
changeable without  rupture  of  the  bonds  or  change  in  their  distri- 
bution. 

This  fact  is  an  infallible  criterion  of  the  identity  or  non-identity 

of  the  bonds  1-2  and  1-4.  A  model  is  shown  to  render  apparent 
to  the  eye  the  peculiarities  and  imperfections  of  the  *' spider  web" 
formula  of  Hubner  and  Claus, 
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Some  Tea  Analyses,  with  Special  Reference  to  the  Determina- 
tion OP  Caffeine.      By  W.  Hodgson  Ellis,  of  Toronto, 

Canada. 

[abstract.] 

The  variation  in  the  percentage  of  caffeine  in  tea  leaves,  reported 
by  various  chemists,  is  considerable,  a  circumstance  due  to  the  va- 
rious methods  of  analysis. 

After  a  number  of  trials  of  different  methods,  I  have  adopted  the 
following  process  which  gives  in  my  hands  the  best  results  and 
whtch  I  have  now  used  for  several  years. 

1 .  The  powdered  tea  is  exhausted  with  boiling  water  under  an 
inverted  condenser. 

2.  The  filtered  solution  is  evaporated  to  dryness  on  the  water 
bath  with  magnesia. 

3.  The  residue  is  exhausted  with  absolute  alcohol,  and  the  fil- 
tered solution  mixed  with  sand  and  evaporated  on  the  water  bath. 

4.  The  residue  is  exhausted  with  hot  distilled  water  and  the 
solution  again  evaporated. 

5.  Tlie  residue  is  taken  up  with  ether  and  the  ethereal  solution 
evaporated  in  a  tared  beaker  and  weighed. 

B}'  this  method  the  caffeine  is  obtained  colorless,  and  well  crys- 
tallized. 

Commercial  tea  as  met  with  in  Canada  yields  by  this  process 
from  1.5  to  3.5  per  cent  of  caffeine. 

In  exhausted  leaves,  t.  e.,  leaves  treated  with  boiling  water,  as  in 
the  ordinary  method  of  making  tea,  the  caffeine  is  nearly  all  re- 
moved, as  in  the  following  examples  of  three  Japan  teas  and  their 
exhausted  leaves. 

12  3 

Exhausted  Exhausted  Exhausted 

Tea  leaves.  Tea  leaves.  Tea  leaves. 

Caffeine 2.5          .6  2.4  .6  8.7  .0 

Ash 7.2  4.1  6.8  4.0  6.6  8.9 

Soluble  ash..'..            3.8          .6  8.6  .8  3.4  .7 

Silica .0           .8  .7  .8  .5  .7 

Extract 87.8  16.8  40.3  13.4  33.2  8.8 

In  the  following  analyses  the  caffeine  w^as  determined  by  this 
method  ;  and  the  extract,  by  boiling  the  powdered  tea  under  an  in- 
verteti  condenser  with  successive  portions  of  water.  The  ash, 
soluble  ash  and  silica  were  also  determined  in  each  case. 
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GREEN  TEAS. 
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o 

3 
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1 
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1 

-2 

1 
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I 
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1 

1 

89.8 

5.0 

8.6 

0.5 

2.2 

19 

28.7 

6.8 

8.0 

0.5 

2.4 

2 

4S.4 

4.1 

8.7 

0.2 

2.4 

20 

81.8 

6.4 

8.8 

0.5 

2.6 

8 

43.4 

6.2 

8.6 

0.4 

2.3 

21 

34.7 

6.1 

3.7 

0.3 

2.6 

4 

45.2 

8.6 

3.6 

0.8 

2.0 

22 

34.2 

6.8 

4.1 

0.5 

2.7 

5 

88.0 

4.4 

3.8 

0.3 

2.5 

23 

83.7 

6.2 

8.4 

0.3 

1.9 

6 

89.2 

8.0 

3.3 

0.5 

2.6 

24 

83.0 

7.7 

8.9 

1.1 

2.1 

7 

4S.2 

5.2 

3.5 

0.5 

2.3 

25 

34.8 

6.8 

4.0 

0.3 

2.6 

8 

40.2 

4.0 

3.4 

0.3 

1.0 

26 

85.2 

6.7 

8.0 

0.9 

2.1 

9 

41.2 

6.1 

8.9 

0.5 

1.0 

27 

85.0 

6.0 

8.7 

0.8 

2.4 

10 

89.4 

8.8 

3.6 

0.7 

1.8 

28 

86.4 

6.9 

8.2 

0.9 

2.9 

11 

87.9 

4.1 

3.7 

0.9 

2.8 

29 

88.8 

6.0 

8.3 

0.2 

2.1 

12 

88.6 

4.6 

8.6 

0.3 

1.9 

80 

S7.4 

6.8 

8.8 

0.4 

2.5 

13 

45.8 

4.6 

3.6 

0.5 

2.4 

31 

84.2 

6.8 

3.6 

0.6 

1.7 

U 

88.5 

8.7 

8.6 

0.4 

2.3 

32 

36.0 

7.8 

8.1 

1.3 

2.0 

15 

85.2 

4.8 

8.1 

1.0 

2.6 

83 

89.0 

0.9 

2.7 

8.5 

2.8 

16 

87.4 

5.0 

3.8 

0.3 

1.8 

34 

88.0 

6.4 

8.7 

0.4 

2.1 

17 

41.3 

4.7 

3.8 

0.4 

1.9 

85 

45.0 

6.1 

8.4 

0.4 

3.0 

18 

84.1 

6.2 

4.1 

0.4 

2.8 

BLACK  TEAS. 
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27.8 

6.3 

8.1 

0.8 

2.4 

6 

88.0 

6.6 

8.4 

0.2 

2.6 

29.8 

6.4 

8.6 

0.6 

2.4 

7 

87.6 

5.8 

8.5 

0.2 

1.9 

31.1 

5.7 

3.5 

0.4 

8.7 

8 

87.2 

6.0 

8.9 

0.6 

2.3 

31.1 

6.8 

2.9 

1.0 

2.8 

9 

81.0 

6.5 

3.5 

0.7 

2.3 

36.5 

6.4 

3.8 

0.4 

2.6 

10 

27.2 

6.8 

2.9 

0.8 

2.3 
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1 

29.1 

5.7 

3.6 

.4 

2.1 

11 

80.6 

5.9 

8.1 

.4 

8.0 

2 

35.6 

6.9 

3.8 

.9 

1.6 

12 

80.0 

6.2 

8.9 

.1 

2.3 

3 

20.5 

5.9 

3.7 

.3 

2.2 

13 

81.1 

7.0 

8.2 

.1 

S.6 

4 

20.2 

6.8 

3.0 

.8 

2.2 

14 

29.8 

6.6 

8.5 

.4 

2.2 

5 

26.2 

5.7 

3.2 

.6 

1.9 

15 

24.8 

6.5 

2.6 

.8 

1.7 

0 

38.2 

6.3 

4.0 

.5 

2.1 

16 

26.8 

6.1 

8.1 

.5 

2.1 

7 

35.4 

6.2 

8.5 

.8 

2.5 

17 

35.6 

6.0 

8.7 

.3 

2.0 

8 

37.2 

5.6 

3.7 

.3 

1.5 

18 

84.8 

5.8 

8.4 

.2 

2.6 

9 

23.8 

6.5 

3.5 

.8 

2.2 

19 

80.2 

6.2 

2.8 

.5 

2.0 

10 

20.2 

5.4 

3.0 

.7 

1.6 

20 

26.2 

0.5 

3.4 

.2 

1.8 

The  above  analyses  may  be  summarized  as  follows :  — 


phosphoric  acid  ;  bt  q.  c.  caldwell. 
35  Green  Teas. 
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Extract. 

Ash. 

Soluble  ash. 

Silica. 

Caffeine. 

Mean    .     . 

• 

40.6 

6.5 

3.5 

0.6 

2.3 

Maximam 

• 

45.8 

9.9 

4.1 

3.5 

3.0 

Mmimum  . 

• 

28.7 

5.5 

2.7 

0.2 

1.3 

10  Black  Teas. 

Extract. 

Ash. 

Soluble  ash. 

Silica. 

Caffeine. 

Mean    •     • 

• 

32.6 

6.2 

3.4 

0.6 

2.5 

Maximum 

• 

38.0 

6.5 

3.9 

1.0 

3.7 

Minimam  . 

• 

27.2 

5.6 

2.9 

0.2 

1.9 

20  Teas  Mixed 

OR  NOT 

distinguished. 

Extract. 

Ash. 

Soluble  ash. 

Silica. 

Caffeine. 

Mean    .     . 

• 

30.0 

6.2 

3.4 

0.5 

2.2 

Maximum . 

• 

38.2 

7.0 

4.0 

0.9 

3.0 

Minimum  . 

• 

20.2 

5.4 

2.6 

0.1 

1.5 

Analysis  op  the  whole  65  Samples. 

Ektract. 

Ash. 

Soluble  ash. 

Silica. 

Caffeine. 

Mean    .     . 

• 

36.2 

6.5 

3.5 

0.5 

2.2 

Maximum 

• 

45.8 

9.9 

4.1 

3.5 

3.7 

Minimum 

• 

20.2 

5.4 

2.6 

0.1 

1.3 

PxMBERTOM*S    MeTHOD   FOR  THE    VOLUMETRIC    DETERMINATION    OF 

Phosphoric  Acid.    By  Prof.  G.  C.  Caldwell,  of  Ithaca, 
N.  Y. 

[ABSTRACT.] 

Mr.  H.  Pkmberton  has  giveu^  a  method  for  the  volumetric  de- 
termination of  phosphoric  acid  in  fertilizers,  by  means  of  a  standard 
solution  of  ammonium  molybdate,  which  consists  simply  in  adding 
this  solution  as  long  as  a  precipitate  is  produced,  the  final  tests  for 
further  precipitation  being  made  with  small  filtered  portions  of  the 
solution  under  examination.  The  standard  solution  is  prepared  by 
dissolving  89.543  gms.  of  ordinary  ammonium  molybdate  in  1000 
CO.  of  water ;  each  cubic  centimetre  of  such  a  solution  precipitates 

>  Journal  Franklin  loBtitate,  March,  1883,  p.  184. 
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3  milligrammes  of  phosphoric  anhydride.  The  solution  of  the 
phosphate,  first  freed  from  organic  matter  and  silica,  is  finally 
made  up  with  as  small  an  excess  of  acid  as  possible,  and  just 
neutralized  with  ammonia;  2  cc.  of  strong  nitric  acid  and  10 
gms.  of  ammonium  nitrate  are  added,  and  the  solution  is  heated  to 
CO  deg.,  or  above,  preparatory  to  the  addition  of  the  molybdate ; 
from  the  total  quantity  of  standard  solution  required  0.  5  cc.  is 
deducted  for  the  excess  necessary  to  neutralize  the  solvent  action 
of  the  nitric  acid. 

With  two  modifications  of  the  details  as  described  by  Mr.  Pem- 
berton,  the  process  has  satisfactorily  sustained  a  careful  trial  in 
my  laboratory.  First,  as  to  the  preparation  of  the  standard  so- 
lution, the  author  found  that  the  ordinary  salt  of  the  druggists  was 
BuflSciently  pure  to  give  the  standard  directly ;  but  in  order  to 
clear  away  the  slight  turbidity  which  it  usually  leaves  he  added  a 
little  ammonia ;  it  was  however  observed  by  Dr.  S.  B.  Newbury, 
then  analyst  to  the  University  experiment  station,  that  in  the  case 
of  the  molybdate  supplied  to  us,  a  notable  degree  of  alkalinity 
was  communicated  to  the  solution  by  the  necessary  quantity  of 
ammonia  to  clarify  it ;  consequently  the  acidity  produced  by  the 
2  cc.  of  acid,  added  to  the  solution  of  the  phosphate  in  the  be- 
ginning, became  so  much  reduced  towards  the  end  of  the  titration, 
that  the  results  were  unsatisfactory ;  in  some  instances  the  solu- 
tion even  became  slightly  alkaline  before  the  precipitation  was 
completed.  Therefore,  in  order  to  secure  perfect  neutrality,  the 
molybdate  solution  was  filtered,  after  the  addition  of  a  few  drops 
of  ammonia  at  the  most,  and  then  standardized  by  a  solution  of 
phosphorus  salt  of  known  strength. 

The  second  modification  refers  to  the  method  of  taking  out  the 
test  portions  to  be  tested  for  complete  precipitation  ;  even  when 
this  is  done  as  described  by  the  author,  this  method  of  determining 
phosphoric  acid  is  unquestionably  more  expeditious  than  the  usual 
gravimetric  method  with  molybdate  and  magnesia  mixture  ;  but  the 
necessity  of  filtering  out  each  of  these  test  portions  in  the  ordi- 
nary manner  through  a  filter  is  objectionable,  and  might  deter 
many  from  using  the  method.  For  this  filtration  I  used  with  great 
success  a  small  suction  filter,  somewhat  after  Carmichael's  idea, 
which  could  be  plunged  directly  into  the  liquid,  and  through  which 
a  small  portion  of  the  same  could  be  drawn  at  once  into  a  small 
test  tube  in  which  the  test  for  further  precipitation  was  made. 
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The  results  of  oar  trial  of  the  method  are  set  forth  in  the  fol- 
lowing table :  three  of  the  sets  of  determinations  were  made  by 
three  experienced  chemists  with  solutions  prepared  by  one  of  the 
nambcr,  each  one  being  entirely  ignorant  of  the  results  obtained 
by  the  others;  the  fourth  set  was  obtained  by  another  chemist 
with  solutions  of  molybdate  prepared  and  standardized  by  him- 
self, and  with  his  own  solutions  of  the  same  phosphates  that  were 
examineil  by  the  others. 


KO. 

I 

• 

n 

III 

IV 

oFpnos- 

PHATB. 

GimTimetric 

Volnmotrio. 

VoluiMtrle. 

Volametrio. 

Volametrio. 

8S7 

11.18 
11.20 

23S 

18.14 
13.14 

18.27 

13.18 
13.18 
13.15 
18.12 

290 

13.47 
13.41 

12.88 
12.88 

12.80 

12.44 
12.45 
13.47 

9.20 

12.34 

2C1 

9.15 

9.28 

9.06 

9.05 

9.84 

9.21 

9.28 

8.97 
8.97 

9.87 

272 

13.69 

18.57 

13.75 

13.82 

13.82 

13.63 
13.57 
18.69 
18.68 

13.81 
13.72 

From  these  results  it  appears  that  the  method  is  capable  of  great 
accuracy,  but,  as  in  the  case  of  No.  261,  is  liable  to  some  source  of 
error,  which  makes  great  care  necessary  in  the  preparation  of  the 
solution  of  the  phosphate,  according  to  the  directions  given  by 
the  author. 
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Experimental  researches  on  the  sources  of  nitrogen  in  crops. 
By  J.  B.  Lawes  and  J.  W,  Gilbert,  of  London,  England. 

Observations  on  the  contamination  of  citt  wells.  By  R.  B. 
Warder,  of  North  Bend,  O. 

On  the  causes  which  render  flour  and  organic  dust  ex- 
plosive, with  suggestions  for  the  prevention  of  such 
explosions.     By  Thomas  W.  Tobin,  of  Louisville,  Ky. 

Some  derivatives  of  isopicraminic  acid.  By  Charles  W. 
Dabney,  jr.,  of  Raleigh,  N.  C. 

A  benzoyl  anutdro  acid  from  b-metamidosalictlic  acid.  By 
Charles  W.  Dabney,  jr.,  of  Raleigh,  N.  C. 

Notes  on  effects  of  different  soils  upon  soluble  phosphates. 
By  Charles  W.  Dabney,  Jr.,  of  Raleigh,  N.  C. 

Note  on  the  absorption  spectrum  of  humic  acid.  By  H. 
Carrington  Bolton,  of  Hartford,  Conn. 

Notes  on  bone  oil.^  By  Arthur  H.  Elliott  and  Fred.  Sands,  of 
New  York,  N.  Y. 

On  NITRO-8ACCHAROSE.2  By  Arthur  H.  Elliot,  of  New  York,  N.  Y. 

Transmission  of  gasks  through  liquids  of  different  densities. 
By  C.  G.  Wheeler  and  F.  Menzel,  of  Chicago,  111. 

The  solution  and  late  crystallization  of  gold  heated  with 
chlorohydric  acid  in  a  sealed  tube.  By  Henry  Carmichael, 
of  Brunswick,  Me. 

Remarks  on  the  application  of  the  iridium  knife-edge  to 
analytical  balances.  By  William  Dudley,  of  Cincinnati, 
Ohio. 

Fire-damp  Indicators.     By  Isidore  Kitsee,  of  Cincinnati,  Ohio. 

Notes  on  the  analysis  of  superphosphates. ^     By  Thomas  S. 

Gladding,  of  New  Yoik,  N.  Y. 
Report  of  the  agricultural  chemists.     B}'  Chas.  M.  Stillwell, 

of  New  York,  N.  Y.,  Secretary. 

1  Published  in  full  in  tlie  Journal  of  the  American  Chemical  Society  for  Aug.,  1882. 
3  Published  iu  fall  in  the  School  of  Mines  Quarterly  for  Nov.,  1882. 
>  Published  in  f\il1  in  the  Am.  Jour,  of  Chemistry,  for  1883. 
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Members  of  the  Section  of  Mechanical  Science  : — 

When  we  look  upon  mechanical  science  as  an  abstract  science, 
having  for  its  foundation  only  a  few  simple  axioms,  dynamical 
laws,  and  geometrical  theorems,  and  divest  it  of  many  of  its  com- 
plicated mathematical  applications,  we  can  hardly  help  regarding 
the  science  as  complete. 

The  controversies  and  discussions  which  marked  its  growth, 
and  which  for  centuries  absorbed  the  attention  of  the  scientific 
world,  have  ceased,  and  there  is  left  to  the  present  generation  a 
clear,  well  defined  science  treating  of  the  forces  of  nature  and 
the  movements  which  they  produce,  or  are  capable  of  producing, 
in  the  ordinary  phenomena  of  force  and  motion. 

Even  the  last  great  extension  of  this  science  in  the  development 
of  the  true  theory  of  heat,  which  in  its  conception  and  importance 
was  but  a  fit  culmination  of  the  labors  of  a  long  line  of  illustrious 
men,  has  now  become  universally  accepted  in  all  its  significant 
features  ;  and  although  some  of  the  men  are  now  living  who  were 
chiefly  instrumental  in  establishing  the  purely  mechanical  nature 
of  heat,  and  in  bringing  all  its  manifestations  into  harmony  with 
mechanical  laws,  yet  this  result  seems  now  to  have  been  only  the 
realization  of  anticipations  long  looked  for,  and  long  before 
predicted. 

No  such  anticipations  now  lie  before  us  to  excite  the  zeal  of 
the  investigator.    There  are  now  no  such  controversies  or  opporr 

(296) 


296  ADDRESS 

tanities  for  discovery  to  stimalate  analytical  investigation  as 
marked  the  last  and  the  preceding  centuries.  Whatever  may  be 
the  nomenclatare  chosen,  the  forms  used,  or  the  classification  of 
subjects,  there  is  no  longer  any  contention  regarding  the  theorems 
established  by  Benedetti,  Descartes,  Leibnitz, Newton,  D*Alembert, 
Bernoulli,  and  others ;  and  more  recently  in  our  own  generation, 
by  Clausins,  Rankine,  Ilelmholz,  and  Sir  William  Thomson. 

But  while  we  inherit  in  ail  its  completeness  a  science  so  com- 
prehensive and  exact,  in  its  generalizations,  as  to  embrace  the 
movements  of  the  bodies  of  the  solar  system  on  the  one  hand,  and 
the  infinitesimal  motions  of  the  molecules  of  bodies,  producing 
the  phenomena  of  heat,  on  the  other,  there  is  still  an  unlimited 
field  open  for  experimental  research. 

As  far  as  mechanical  science  is  concerned  it  may  be  said  that 
we  live  in  an  era  of  applied  science^ —  an  epoch  which  has  already 
produced  astounding  and  unexpected  results,  modifying  and  chang- 
ing all  the  relations  of  civilized  life. 

Concerning  abstract  principles,  no  kind  of  knowledge  is  more 
widely  difiTused  or  universally  accepted  than  that  which  relates  to 
the  subject  we  are  considering.  We  live  and  move  through  the 
medium  of  appliances  which  are  but  the  exemplifications  of  well 
known  mechanical  principles ;  and  with  the  firm  foundations  of  an 
exact  science  to  build  upon,  there  is  an  increasing  activity  of 
thought  and  action,  directed,  not  to  the  discovery  of  new  principles, 
but  towards  new  methods,  new  applications,  greater  mechanical 
achievements. 

To  employ  the  language  of  mechanics,  there  exists  at  the  present 
time  an  immense  momentum  of  intellectual  force,  in  this  respect, 
which  must  either  be  properly  directed  to  overcoming  obstacles  in 
the  way  of  progress,  or  dissipated  in  costly  failures. 

Speculations  as  to  what  may  be  the  results  of  this  stored  up 
mental  energy,  in  future  developments  of  the  mechanic  arts,  are 
unprofitable ;  but  well-directed  efforts  towards  the  determination 
of  new  applications,  or  the  experimental  verification  of  inductive 
demonstrations,  are  seldom  without  interest ;  and  the  more  thor- 
ough and  complete  such  investigations  are  made,  the  greater  will 
be  their  subsequent  value. 

There  is  a  wide  range  of  applications  of  mechanical  science  to 
engineering,  and  in  the  arts,  for  which  such  experimental  researches 
are  now  demanded. 
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The  recent  nnited  appeal  of  the  three  principal  engineering 
societies  of  this  countr}',  urging  the  continuance  of  appropriations 
by  the  United  States  Government  for  experiments  on  the  strength 
and  properties  of  the  mntenais  used  in  engineering  structures,  is 
evidence  of  the  want  that  is  felt  of  a  better  knowledge  of  this 
particular  subject. 

Among  the  forces  of  nature  with  which  we  have  to  deal,  there  is 
one  class  of  which  the  laws  have  not  been  subjected  to  exact 
determination. 

Whatever  may  be  the  nature  of  the  forces  of  gravity  and  inertia, 
the  laws  governing  their  action  are  definitely  determined  ;  but  of 
the  molecular  forces  which  resist  the  disruption  of  materials,  and 
which  govern  their  action  under  the  influence  of  external  forces, 
but  little  is  definitely  known  :  all  that  is  known  has  been  derived 
from  8i>ecial  experiments  on  specific  forms  and  qualities  of 
materials,  which,  from  the  ver^'  nature  of  these  materials,  are  not 
3'et  suflScient  for  general  or  universal  applications.  And  when  it 
is  considered  that  not  only  the  cost,  but  the  absolute  safety,  of  all 
engineering  structures  depends  upon  this  uncertain  knowledge, 
the  importance  of  the  question  becomes  evident.  So  little  has 
been  done  in  this  country  in  many  branches  of  this  subject  that 
reliance  is  placed  almost  wholly  on  the  results  of  investigations 
made  abi^ad — investigations  which  were  never  entirely  applicable 
to  the  material  found  here ;  and  which,  on  account  of  the  rapid 
changes  in  the  arts  of  manufacture  and  fabrication,  have  become 
to  a  certain  extent  obsolete,  or  of  very  uncertain  value. 

In  relation  to  metallic  products,  it  may  be  said  that  a  new  field 
of  technical  inquiry  has  sprung  up,  lying  between  the  science  of 
metallurgy  and  the  profession  of  engineering. 

It  can  hardly  be  said  that  the  metallurgist  is  required  to  answer 
all  questions  relating  to  the  properties  of  the  metals  in  the  forms 
in  which  they  reach  the  engineer.  These  properties  arc  determined 
or  mo<ltfied  greatly  by  the  processes  of  fabrication  required  to 
transform  the  raw  materials  into  the  shapes  in  which  they  arc  used. 
It  does  not  belong  to  the  metallurgist  to  trace  these  materials 
tbroQgh  all  the  transmutations  which  they  may  undergo  before 
being  put  to  use.  The  very  conditions  of  use  often  require  special 
treatment,  and  do  certainly  enter  largely  into  the  inquiries  which 
mast  be  instituted  to  prove  their  fitness  for  special  purposes.  On 
the  other  hand  the  engineer  has  not  usually  the  appliances  nor  the 
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opportanities,  for  fully  testing  the  materials  he  employs.  Time, 
money,  and  apparatus  are  necessary,  neither  of  which  can  usually 
be  spared  from  his  ordinary  professional  engagements. 

For  the  action  of  the  ordinary  materials  used  in  this  country 
reference  can  only  be  had  to  the  results  of  researches  by  private 
individuals  made  on  a  limited  scale,  or  to  more  general  and  s^^ste- 
matic,  but  less  applicable,  results  of  experiments  instituted  by 
foreign  governments. 

It  is  not  to  be  expected  that  any  system  of  experiments,  how- 
ever carefully  conducted,  on  the  properties  of  the  metals,  will  cover 
every  special  case,  but  there  arc  standard  products,  and  standard 
processes  of  fabrication,  for  which  exact  determinations  of  absolute 
strength,  ductility',  clastic  limits,  and  other  properties,  under  given 
conditions  of  use,  may  be  ascertained. 

The  rapid  changes  which  are  taking  place  in  the  production  of 
iron  and  steel,  especially,  render  such  investigations  on  a  scale 
commensurate  with  the  importance  of  their  useful  applications  a 
matter  of  the  highest  interest. 

It  is  becoming,  in  fact,  a  reproach  to  our  country,  that  for  such 
investigations,  which,  on  account  of  the  magnitude  of  the  work  to 
be  accomplished,  can  onl}'  be  undertaken  at  public  expense,  so 
little  has  been  accomplished  here.  Our  engineers  are  often  obliged 
to  refer  to  experiments  made  nearly  half  a  century  ago  for  the 
numerical  data  necessary  for  designing  the  most  simple  structures. 

The  names  of  Ilodgkinson  and  Fairbairn  will  alwa3-s  be  men- 
tioned with  veneration,  and  held  in  honor,  as  men  whose  experi- 
mental researches  have  for  more  than  a  quarter  of  a  century 
formed  the  groundwork  of  our  structures  in  iron.  But  even  the 
youngest  engineers  become  restless  under  the  necessity  of  constant 
reference  to  results  which  they  recognize  as  belonging  to  the  past 
and  a«  not  wholly  applicable  to  the  present.  Much  useful 
knowledge  has  been,  from  time  to  time,  contributed  by  our  own 
engineers  on  this  subject,  but  with  some  exceptions  their  results 
have  been  generall}'  limited  in  their  range  of  applications,  and 
not  sufliciently  comprehensive  to  become  of  universal  use,  on 
account  of  want  of  time  and  means  for  prosecuting  extended 
investigations. 

It  is  often  argued  that  it  is  essential  for  an  engineer  to  make 
special  tests  of  the  materials  he  employs  in  the  construction  of  all 
important  works.     While  this  is  undeniably  true  to  a  certain 
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extent,  it  is  also  trae  that  an  engineer  cannot  design  a  strnetare 
intbont  assuming  certain  data,  among  which,  and  the  most  impor- 
tant of  which,  are  the  properties  qf  the  materials  he  proposes  to 
use. 

Truly  scientific  construction  demands  that  all  the  parts  of  a 
structure  shall  be  in  harmony,  in  weight  and  strength,  with  the 
external  forces  which  act  upon  them,  under  the  conditions  of  use 
to  which  they  are  subject ;  whether  such  a  structure  be  a  machine, 
a  bridge,  or  a  public  building,  the  designer  must  base  his  construction 
on  these  truths,  and  the  want  of  correct  data  in  any  element  of 
the  design  must  entail  cither  loss  or  damage. 

The  influence  of  experimental  research  in  building  up  the  science 
of  pure,  or  abstract,  mechanics  shows  the  impossibility  of  progress 
without  direct  reference  of  probable  laws  to  the  test  of  experiment. 

The  dynamic  theory  of  heat  remained  a  speculative  question 
until  a  few  simple  and  decisive  experiments  settled  all  controversies, 
and  opened  the  waj'  for  Rankiue  and-  Clausius  to  develop  the  new 
and  before  unknown  science  of  Thermo-dyn amies.  We  find  La 
Place  enunciating  this  theory  in  specific  terms,  and  in  language 
identical  with  that  now  employed,  when  merely  stating  the  opposite 
views  of  heat  entertained  in  his  day ;  the  great  mathematician 
himself  upholding  until  his  death  the  material  theory  —  a  theory 
which  is  now  mentioned  only  to  illustrate,  what  seems  to  us  in  the 
light  of  later  developments,  almost  unaccountable  ignorance  on  the 
part  of  some  of  the  most  learned  scientists  of  the  past  age.  It  is 
troe  that  years  of  controversy  and  discussion  finally  prepared  the 
minds  of  scientific  men  for  the  acceptance  of  the  dynamic  theory ; 
bat,  nevertheless,  it  required  the  experiments  of  Joule  to  furnish 
the  proof  of  the  theory  by  showing  the  absolute  identity  of  heat 
phenomena,  of  the  most  simple  kind,  with  those  of  ordinary 
mechanics.  And  when,  finally,  through  the  experiments  of  Regnauit 
on  the  specific  heats  of  gases,  means  were  afibrded  for  an  indepen- 
dent determination  of  the  mechanical  equivalent  of  a  unit  of  heat, 
controversy  and  discussion  ceased.  These  two  independent  deter- 
minations, one  by  direct  experiments  and  the  other  through  analysis 
employing  the  specific  heat  of  air  as  finally  determined  by  Begnault, 
were  indisputably,  when  taken  together,  and  especially  in  view  of 
the  importance  of  the  results,  the  most  interesting  and  important 
instances  of  the  value  of  experiments  in  establishing  exact  theories 
in  the  whole  history  of  science. 
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The  student  of  mechanics  of  to-day  may  not  see  before  him  the 
prospect  of  brilliant  discoveries  of  new  principles,  bat  by  patient 
and  faithful  labor  in  the  field  of  experimental  investigation,  there 
are  still  opportunities  of  adding  to  mechanical  science  a  knowledge 
of  truths  which  may  have  a  lasting  and  beneficial  influence  in 
promoting  the  applications  of  this  science  to  the  Arts  and 
Industries. 

I  need  but  refer  in  this  connection  to  that  other  series  of  experi- 
ments of  Regnault  on  the  elastic  force  and  temperature  of  vapors, 
as  one  of  the  most  signal  instances  of  the  value  of  experimental 
research,  when  properly  conducted,  which  can  be  mentioned. 
Although  bv  these  experiments  nothing  was  added  to  establish  the 
theory  of  heat,  3'et  in  connection  with  the  universal  use  of  steam 
as  a  motive  power,  and  for  other  purposes,  the  results  have  been 
of  vast  importance.  For  accuracy  and  completeness,  these  inves- 
ligations  stand  unrivalled.  They  form  the  basis  of  all  the 
important  applications  of  the  llieory  of  heat  to  vapors,  and  thus 
constitute  the  foundation  for  all  calculations  relating  to  steam  in 
its  various  uses.  They  became  not  only  of  immediate  use  to  the 
practical  engineer,  but  the}-  enabled  Rankine,  Clausius,  and  Zeuner 
to  extend  the  dynamic  theory  to  the  study  of  vapors,  and  thus  to 
cover  all  ordinary  technical  grounds. 

Of  all  the  subjects  in  which  experimental  research  is  now 
demanded,  there  is  none  more  important  than  that  to  which  allusion 
has  been  already  made :  the  strength  and  properties  of  materials 
used  in  constructions.  It  is  needless  to  specify  the  various  kinds 
of  investigation  demanded,  for  our  knowledge  of  the  subject,  as 
far  as  the  materials  produced  in  this  country  are  concerned,  is  in 
a  most  uncertain  and  unsatisfactory  state.  Boldness  of  design, 
and  a  necessary  increase  in  magnitude  of  the  various  parts  of 
structures,  are  the  inevitable  tendency  of  engineering  progress. 
Even  in  commercial  buildings,  in  which  iron  scarcely  entered  as  an 
important  element  twenty  years  ago,  single  cast  iron  columns  have 
recently  been  introduced  which  are  required  to  sustain,  permanently, 
nearly  one  thousand  tons.  Similar  instances  of  the  use  of  wrought 
iron  and  steel  in  tension  and  compression  might  be  given  in  which 
for  the  large  cross-sections  employed  no  reliable  data  for  strength 
is  available. 

A  most  important  question  to  be  considered  where  experiments 
involving  large  expenditures,  expensive  appamtus,  and  much  time, 
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are  to  be  made,  is  the  constitution  of  the  body  or  commission 
having  charge  of  such  investigations.  It  is  doubtful  whether  any 
body  of  scientific  and  practical  men,  however  competent  they  may 
be,  can  conduct  and  control  properly  the  details  of  such  important 
and  laborious  work,  if  they  are  at  the  same  time  barthened  by  tlic 
cares  and  demands  of  other  private  or  professional  duties.  Success 
in  scientific  work  of  this  character  depends  largely  on  each  specific 
investigation  being  committed  to  one  person  employed  solely  for 
the  purpose,  and  whose  acquirements  and  enthusiasm  for  his 
subject,  need  the  least  amount  of  advisory  aid. 

A  commission  of  experts  may  well  direct  the  character  and  aim 
of  special  investigations,  and  to  some  extent  the  methods  to  be 
employed ;  but  without  the  stimulus  of  personal  rcsponsibilit}', 
combined  with  ardent  zeal  and  special  aptitude,  of  some  one  who 
has  entire  control  of  details,  and  who  through  his  constant  devo- 
tion to  one  object  may  reap  the  principal  rewards  of  his  own 
discoveries,  experimental  investigations  of  this  kind  are  apt  to  end 
in  failure. 

Other  subjects  on  which  further  researches  are  desirable  will 
readily  present  themselves.  Among  these  may  be  mentioned,  as 
of  much  practical  interest,  the  flow  of  air  and  steam  through  pipes 
and  conduits. 

The  transmission  of  power  by  compressed  air,  and  the  adaptation 
of  apparatus  for  ventilating  and  heating  public  and  private  build- 
ings, require  a  knowledge  of  the  resistances  and  other  phenomena 
connected  with  the  flow  of  air  and  steam,  the  available  data  for 
which  are  meagre,  and  rest  upon  very  incomplete  experimental 
foundations.  The  complications  of  this  subject,  arising  from  the 
changes  of  temperature  of  the  flowing  air  or  steam,  and  the 
difficulties  thereby  caused  in  attempts  to  measure  quantities  of  the 
flowing  liquid,  render  experiments  in  this  direction  so  tedious  and 
expensive  as  to  operate  almost  as  a  bar  to  ordinary  individual 
eflbrts. 

The  importance  of  the  questions  involved,  especially  in  connec- 
tion with  sanitary  appliances,  is,  however,  becoming  greater  each 
year.  In  this  connection  also  the  laws  of  the  transfer  of  heat,  and 
their  technical  applications,  assume  new  interest.  In  many  of  our 
large  cities  works  have  been  erected  or  are  in  progress,  involving 
great  expense,  having  for  their  object  the  supply  of  steam  for 
heating  and  ventilating  purposes,  and  for  power,  by  transmitting 
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the  steam  in  underground  pipes  throughout  large  districts  from  ft 
few  central  stations. 

These  undertakings  present  numerous  problems  which  have  not 
heretofore  been  encountered  in  engineering  operations.  Coirect 
data  concerning  the  laws  of  the  flow  of  gases  and  vapors,  and  the 
transfer  of  heat,  constitute  an  important  element  in  mauy  of  these 
problems.  While  compared  with  similar  data  for  the  flow  of  liquids, 
it  can  liardly  be  said  that  the  knowledge  available  to  the  engineer 
is  reliable  or  satisfactorj'. 

In  the  construction  of  public  buildings,  private  dwellings,  and 
factories,  the  necessity  of  including  in  the  first  design  complete 
arrangements  for  warming  and  ventilation,  has  of  late  years  been 
forced  upon  architects  and  engineers  by  a  public  demand  for 
healthful  arrangements  ;  and  nil  the  scientific  and  technical  knowl- 
edge that  can  be  brought  to  bear  on  the  subject  is  desirable.  In 
this  direction  but  little  has  been  accomplished  in  this  country, 
except  in  connection  with  private  practice.  For  information  that 
cannot  be  obtained  from  this  source,  recourse  must  be  had  to 
foreign  works,  some  of  which,  notably  those  of  Pecl6t  and  Morin, 
may  be  taken  as  examples  of  the  great  value  of  such  experiments 
as  were  made  by  these  distinguished  experimenters  and  authors. 

It  would  be  impracticable  to  present  in  detail  all  the  principal 
subjects  of  practical  mechanics  in  which  more  exact  knowledge  is 
needed  in  technical  applications.  There  is  a  universal  activity  at 
the  present  time,  everywhere,  towards  overcoming  obstacles  to 
what  is  called  progress. 

The  demand  is  constantly  for  greater  achievements.  The  public 
calls  imperiously  for  greater  speed  on  railways  and  steamships,  and 
the  engineer  must  meet  the  demand.  Greater  speed  requires  heavier 
rails,  heavier  engines,  larger  ships,  and  stronger  machinery.  But 
the  same  imperious  public  also  insists  on  absolute  safety,  and  rea- 
sonable cost.  A  train  must  fly  at  high  speed  across  long  bridges, 
built  at  the  least  possible  expense,  but  woe  to  the  engineer  if  a 
calamity  occurs.  No  explanations  are  received ;  the  public  will 
accept  DO  part  of  the  blame. 

This  increasing  ambition  for  something  faster,  grander,  more 
conveuient,  or  more  healthful,  brings  with  it  increasing  risks  and 
responsibilities  to  professional  men.  The  members  of  the  engi- 
neering profession,  especially,  have  to  assume  great  risks,  and  it 
is  not  unreasonable  that  they  should  ask  public  aid,  as  our  engi- 
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neering  societies  have  done,  to  arrive  at  a  kind  of  knowledge  that 
can  be  procured  in  no  other  way  than  through  public  aid  and 
expense,  and  without  which  their  best  efforts  may  often  result 
disastrously.  If  we  include  in  tliese  general  propositions  other 
branches  of  technical  science,  especially  Chemistry  and  Physics, 
It  would  not  be  hazarding  too  ranch  to  say  that  the  continuance 
and  permanence  of  what  is  usually  called  modem  progress  depend 
greatly  on  a  general  recognition  of  the  importance  of  this  kind  of 
scientific  research. 

There  is  one  field  of  research  which  alone  may  well  occu|)y  the 
attention  in  this  respect  of  the  best  minds  of  the  age,  and  which 
oaght  to  receive  the  most  generous  public  support.  That  field  is 
sanitary  science,  or  sanitary  engineering.  Wordy  controversies 
can  never  satisfactorily  settle  questions  of  ventilation,  which  involve 
force  and  motion,  the  heating  of  air  and  its  conduction  and  distri- 
bation  ;  nor  questions  of  poisonous  emanations  or  solutions,  in  air 
or  water,  nor  questions  of  house  and  street  drainage.  Connected 
with  these  subjects  there  are  abundant  opportunities  for  systematic 
experiments,  not  only  in  the  domain  of  physics  and  chemistry  bfit 
of  mechanics. 

We  cannot  expect  to  rival  the  nations  of  antiquity  in  architec- 
tural achievements,  although  it  would  seem  that  lavish  expenditures 
on  monumental  buildings  most  readily  satisfy  public  ambition 
even  in  this  age ;  but  it  is  to  be  hoped  that  the  generous  impulses 
which  have  begun  to  manifest  themselves  in  the  direction  of 
sanitary  improvements  may  absorb  a  full  measure  of  this  ambition 
and  direct  it  towards  the  most  perfect  provisions  for  the  health  of 
communities,  so  that  social  life  for  the  poor  as  well  as  for  the  rich 
mny  rest  on  the  highest  possible  plane  of  physical  as  well  as 
mental  and  moral  excellence.  A  small  share  of  the  millions 
expended  by  the  people  in  the  architectural  masoniy  and  decorations 
of  public  buildings,  would,  if  properly  devoted  to  mechanical, 
pliViiical,  and  chemical  researches  connected  with  sanitary  engineer- 
iu^,  accomplish  much  towards  this  end. 

There  is  undoubtedly  much  force  and  wisdom  in  the  suggestive 
remark  of  one  of  the  most  distinguished  sanitary  engineers  of 
England,  that  "  if  he  were  permitted  to  build  the  homes  of  a  people, 
he  would  not  care  who  should  write  their  songs,  or  make  their 
laws." 

There  is  a  branch  of  mechanics  which  has  from  time  to  time 
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excited  considerable  public  attention,  but  which,  from  its  not 
presenting  features  of  great  public  utility,  has  not  been  ranked 
among  those  having  a  commanding  importance. 

It  is  only  necessary  to  mention  animal  medianics  to  bring  to 
mind   the  beautiful  experiments  of  Marey  in  determining  the 
movements  of  animals  in  the  ordinary  processes  of  locomotion. 
A  study  like  that  of  Marey  of  the  mere  motions  of  the  locomotive 
appendages  of  animals  —  the  curves  described  by  the  extremities 
in  the  operations  of  flying,  walking,  and  swimming — must  always 
remain  barren  of  useful  results  unless  connected  with  the  dynam- 
ical features  of  the  problems  involved.    These  Dr.  Haughton,  of 
Trinity  College,   Dublin,   has  supplied,   by  a  most  interesting 
treatment  of  the  subject,  and  by  careful  experiments,  extending 
over  a  period  of  ten  years. 

Muscular  force  is  so  related  to  life  that  it  appears  almost  to 
furnish  the  only  unmistakable  evidence  of  vitality.  When  the 
involuntary  and  voluntary  muscles  of  the  animal  system  cease  to 
act,  life  can  no  longer  be  said  to  exist.  Dr.  Haughton  has 
discussed  the  whole  subject  of  muscular  forces  not  only  in  their 
relations  to  the  skeletons  through  the  medium  of  which  they  act, 
but  in  their  properties  of  strength,  endurance,  refreshment,  and 
fatigue,  in  such  a  manner  as  to  throw  new  light  on  this  interesting 
subject,  and  to  suggest  its  real  useful  aspects  in  connection  with  the 
laws  of  health  and  physical  development. 

The  conformity  of  the  phenomena  observed  and  the  principles 
established,  in  regard  to  movements  connected  with  animal  life, 
with  the  laws  of  ordinary  mechanics,  is  complete.  The  four 
elementary  machines,  which  constitute  either  singly  or  iu  various 
combinations  the  bases  of  all  artificial  machinery,  are  not  only 
found  to  be  represented  in  the  various  kinds  of  animal  locomotion, 
but,  except  perhaps  in  some  of  the  very  lowest  orders  of  animals, 
no  other  means  of  locomotion  can  be  discovered. 

In  relation  to  the  expenditure  of  energy,  it  appears  to  have  been 
demonstrated  also,  that  the  sources  of  muscular,  and  probably  of 
nervous  energjs  are,  as  in  the  ordinary  expenditures  of  force, 
subject  to  exhaustion  at  rates  which  increase  in  a  high  degree  with 
the  rapidity  with  which  work  is  performed. 

The  space  which  a  steamship  can  traverse,  with  a  given  amount 
of  coal  for  consumption,  varies  inversely  as  the  square  of  the  speed ; 
and  the  number  of  days  required  for  the  exhaustion  of  the  fuel, 
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inyersely  as  the  cube  of  the  speed.  Similar  laws  are  applicable, 
as  Dr.  Hanghton  has  shown,  to  human  exertions  and  furnish 
scientific  and  mechanical  reasons,  why  the  prolonged,  intense 
nervous  activity  of  business  life,  so  much  complained  of  in  these 
days,  results  in  premature  and  permanent  disabilities.  Doctor 
Haughton  was  the  first  to  demonstrate  experimentally  the  laws  of 
fatigue  and  refreshment  of  muscular  action,  and  to  suggest,  at 
least  by  very  natural  inferences,  that  there  are  limits  of  exertion 
within  which  alone  these  processes  may  be  expected  healthfully 
to  balance  each  other. 

In  one  sense  all  great  works,  successfully  executed,  furnish  data 
and  precedents  for  the  future.  Each  one  reaches  out  beyond  its 
predecessor,  the  result  being  the  gradual  building  up  of  an  art,  an 
industry,  or  perhaps  a  profession. 

In  exceptional  cases  a  single  construction,  or  a  single  exploit, 
revolutionizes  practice.  Two  episodes  of  our  late  war  present 
signal  examples  in  this  respect.  The  confiict  between  the  Monitor 
and  Merrimack  in  Hampton  Roads  furnishes  the  first  real  experi- 
mental test  of  the  invulnerability  of  iron-clad  vessels,  and  the 
efficiency  of  the  turret  system  devised  by  Ericsson ;  while  the 
demolition  of  Fort  Pulaski  by  General  Gilmore,  by  batteries  placed 
at  one  and  two  miles  distance,  destroyed,  in  a  day,  all  faith  in 
defensive  works  of  masonry,  which  up  to  that  time  had  been 
regarded  as  the  bulwarks  of  seacoast  defence.  History  furnishes 
no  instance  of  so  complete  and  universal  a  change  in  practice 
caused  by  one  gigantic  experiment  occupying  hardly  more  than 
twenty-four  hours.  The  echoes  of  Gilmore's  guns  had  scarcely  died 
away  before  orders  were  issued  from  the  war  ofi^ces  of  all  nations 
having  seacoasts  to  defend  to  suspend  work  on  masonry  for- 
tifications. 

These  two  events,  the  confiict  of  the  Monitor  and  Menimack, 
and  the  reduction  of  Fort  Pulaski,  were  the  beginnings,  however, 
of  a  contest  which  has  lasted  to  the  present  time  —  the  contest 
between  rified  ordnance  and  defensive  armor.  In  this  war  of  force, 
of  impact  and  resistance,  if  we  take  into  account  the  cost  of 
armored  vessels,  hundreds  of  millions  of  dollars  have  been 
expended. 

In  the  course  of  ordinary  events,  however,  isolated  results  do 
not  furnish  the  most  useful  collection  of  facts;  there  are  few 
branches  of  art  or  industry,  involving  mechamcal  appliances, 
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which  may  not  be  advanced  by  investigations  systematically  under- 
taken, and  which  are  made  through  a  careful  observance  of  all 
phenomena  and  conditions  to  bring  out  general  laws. 

It  will  not  be  considered  inappropriate  in  connection  with  this 
subject  to  make  a  brief  allusion,  and  render  tribute  to  the  works 
of  one  who,  though  not  now  living,  may  be  regarded  as  having 
been  among  the  foremost  investigators  of  the  present  age  in  the 
department  of  Mechanical  Science.  No  name  is  more  frequently 
mentioned,  wherever  the  English  language  is  spoken,  as  authority 
in  matters  relating  to  applied  mechanics  than  the  name  of  Raiolike. 
His  original  investigations  in  foanding,  and  building  up,  the  science 
of  thermo-dynamics,  were  sufficient  to  establish  his  fame ;  but  tho 
peculiar  ffiscination  of  his  works,  to  the  engineer,  lies  in  the  won- 
derful scope  of  his  genius  in  the  solution  of  problems  of  applied 
mechanics  in  every  branch  of  engineering,  and  the  remarkable 
skill  and  i>erception  with  which  he  introduced  experimental  data 
into  his  researches ;  thus  giving  to  his  deductions  the  most  unerr- 
ing scientific  exactness  combined  with  the  nearest  approximate 
practical  solutions. 

Unlike  the  writings  of  many  scientific  authors,  Rankine's  voln- 
minous  works  will  not  bear  reduction  or  condensation.  Conciseness 
of  style  and  the  shortest  modes  of  demonstration  are  their  marked 
characteristics.  Every  paragraph,  and  almost  every  line,  seems 
to  contain  the  expression  of  an  idea,  a  valuable  description,  or  the 
enunciation  of  a  principle. 

As  an  investigator  he  appears  never  to  have  touched  a  subject 
without  throwing  new  light  upon  it,  either  by  his  mode  of  treatment, 
the  discovery  of  new  principles,  or  in  extending  its  practical 
applications.  Although  not  an  experimenter  himself/  no  investi- 
gator has  made  more  constant  use  of  well  established  results  ot 
experiments  made  by  others,  or  has  been  more  skilful  in  bringing 
useful  rules  of  practice  out  of  the  combinations  of  such  results 
with  exact  theories.  He  has  left  to  the  present  generation  the 
most  complete  exposition  of  the  principles  of  the  science  ot 
applied  mechanics  that  can  be  found  in  the  English  language. 

England  has  not  yet  done  full  justice  to  the  memory  of  one 
whose  labors  in  science  ought  to  be  regarded  as  having  added  to 
her  national  fame,  and  whose  practical  expositions  have  contrib- 
uted so  much  to  the  progress  of  all  nations  in  the  Mechanic  Arts. 


PAPBES   READ. 


On  a  Newlt  Discoterbd  Absolittb  Limit  to  Economical  Ex- 
pansion IN  THE  Steam  Engine  and  in  othi:r  Heat-motors. 
By  Bobebt  H.  Thurston,  of  Hoboken,  N.  J, 

[ABSTBACT.I] 

It  has  been  universally  assumed  by  engineers,  and  probably  by 
all  physicists  familiar  with  the  theory  of  the  steam  engine  hither- 
to accepted,  that  the  best  ratio  of  expansion,  whether  for  maxi- 
mom  efficiency  of  fluid,  of  engine,  of  capital,  or  of  plant,^  in- 
creases with  increase  of  steam  pressure  without  limit,  and  that 
sach  ratio  may  be  indefinitely  increased  with  decrease  of  the 
ratio  of  back-pressure  for  any  one  kind  of  engine,  notwithstanding 
the  fact  that  the  value  of  the  ratio  of  expansion  is  modified  by 

Pb 

variation  of  the  conditions  of  working,  even  where  the  ratio  r-  is 

the  same.  The  writer  proposes  to  show  that,  in  every  actual  en- 
gine, in  every  engine  operated  under  the  conditions  of  real  work 
and  of  usual  practice,  there  exists  a  limiting  value  of  any  of 
these  *^  ratios  of  maximum  efficiency*'  beyond  which  it  cannot  be 
economically  raised  even  with  an  infinitely  elevated  boiler-pressure. 
It  will  be  further  shown  that  this  '^  absolute  limit"  m^y  be  readily, 
and  probably  ofLen  is,  passed  in  everyday  practice,  that  in  the 
Qsaal  forms  of  steam  engine  an  absolute  limit  exists  within  or  not 
far  beyond  the  customary  working  range  of  expai^sion,  beyond 
which  expansion  cannot  be  carried  with  economy,  however  high 
steam  pressure  may  be  adopted ;  in  other  words,  with  infinite 
pressure,  the  economical  value  of  the  ratio  of  expansion  will  be 
found  often  not  merely  finite,  but  sometimes  probably  within  the 
limits  of  familiar  practice. 
In  earlier  papers^  the  writer  has  shown  that  the  conditions 

>Thi8  iMper  is  publiahed  in  ftiU  In  the  Journal  of  thb  Frankzxn  Xhstetdtb, 
Sept.,  1882. 

*  Tide  a  paper  "  On  the  Several  Elflcienoiee  of  the  Steam  Engine,"  etc.,  Joubnal  of 
THE  rBANKLiTV  iNSTrruTBy  May  and  Jane,  1882;  TYamacHons  of  the  American  Society 
of  Mechanical  Engineer*,  1882. 

"JouRXAL  OF  THB  Fbankun  Institcte,  May,  1881,  February,  May,  and  June, 
lae;  TraneaeUons  qf  the  Amerieam  Soetety  of  Meehanioai  Engineere,  1881-4. 
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under  which  engines  are  worked  in  actual  practice  differ  in  a  very 
important  degree  from  those  assumed  in  the  simple  thermo-djna- 
mic  theory  of  heat  engines,  and,  especially,  that  the  unjacketed 
steam  cylinder,  which  is  usually  assumed  to  be  of  non-condacting 
material,  is  to  such  a  serious  extent  a  reservoir  and  a  transferrer 
of  waste  heat  that  the  efficiency  of  the  engine  is  greatly  and 
sometimes  enormously  reduced. 

The  equations  which  would  give  values  of  the  ratios  of  maxi- 
mum efficiency  for  the  ideal  '^  perfect  engine,"  therefore,  do  not 
apply  to  real  engines,"  and  the  author  has  deduced^  modified 
equations,  which  are  at  least  approximately  correct  for  real  prac- 
tice. He  has  also  produced  true  *^  curves  of  efficiency"  from  real 
engines,  which  were  found  to  be  practically  the  same  in  form  and 
location,  to  be  practically  identical  in  character,  with  those  induc- 
tively obtained,  so  far  as  the  two  could  be  compared. 

^^The  General  Equation  op  all  Stbah  Engine  Epficien- 
ass,"  is 

1 Avj-^-  BViT-^ 


which  becomes  a  minimum,  and  makes  the  commercial  efficiency  of 
an  engine  doing  the  required  work  a  maximum  when,  to  obtain  r, 
we  have  made 

"^-r  M{q-1)  n{q-\) 


Mn{q—l)  Mnb{q  —  1)    pi 
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The  ratio  —  is  the  quotient  of  the  total  back  pressure  by  initial 

pressure,  all  useless  resistance  being  included  in  p^^.  A  is  the 
measure  of  annual  costs,  variable  with  size  of  engine,  B  of  costs 
variable  with  quantity  of  steam  demanded,  v^  the  volume  of 
steam-cylinder,  r  the  ratio  of  expansion,  B  the  revolutions  per 
annum,  b  the  proportion  of  steam  in  the  cylinder  when  r  =  1,  Jh  ^^ 
initial  steam  pressure,  n  is  the  exponent  of  the  familiar  equation 
of  the  stei^m  line,^?;''  ==  const.,  and  r^  is  the  rate  of  variation  of 
losses  with  increase  of  r,     M  =  ^. 

When  instead  of  3f,  N  is  inserted  in  the  equation,  N  being  the 
quotient  of  all  annual  expenses,  independent  of  fuel  supply,  by 

«*'  On  the  Several  Efficiencies  of  the  Steam  Engines,"  etc. 
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all  such  expenses  variable  with  fuel  and  steam  supply  —  the  ex- 
pression determines  the  ratio  of  expansion  at  *'  maximum  effi- 
ciency of  capital  invested  in  a  given  plant" 

When  3/  or  jY  is  made  zero,  the  expression  redaces  to : 

(r^i  _  £i±i:!L  r^n)  ^^  =:^  (C) 

\  qn  /       bqn      p^  ^ 

and  gives  the  ratio  of  expansion  at  which  maximum  "  duty"  or 
**  efficiency  of  engine"  is  attained. 

When  &  =  1  and  9  =  0,  the  case  becomes  that  of  the  ideal  en- 
gine working  the  fluid  in  a  non-conducting  cylinder,  and  these 
equations  become,  for  efficiency  of  capital  and  of  engine, 

,-_  (^}!izziL';'rL=^  (D) 

Studying  these  equations,  it  will  be  seen  that,  in  all  except  the 
last  (E),  it  is  possible  to  find  finite  values  of  r  such  that  their 
lefl-hand  members  shall  reduce  to  zero ;  as  in  them  n  is  nearly  al- 
ways equal  to  unity ;  q  varies  from  g  =  0  to  g  =  "0.3  in  good 
practice,  and  b  usuall}'^  ranges  between  b  =  0.8  and  b  =r  0.9  ;  M 
or  .y  is  usually  between  0.02  and  0.15,  and  the  form  of  the  func- 
tion is  such  that  the  first  member  may  always  be  made  to  disap- 
pear for  some  finite  value  of  r.     Then  we  shall  have  in  (B) 

^.,        <y  ^'  (Q  —  n)7^--'^'       q  —  n+1) 

^'^M{q  —  1)~     n(g— 1)      ~  JIfn  (g  — 1)  —  ^'     ^^^ 

and  in  (C) 

,  n  —  »r*~" 

T^  —  M r-=o 

n —  1 

—-  =  o;  --=  »  and  the  value  of  r,  at  which  this  condition  is  ob- 

tained,  constitutes  an  *'  absolute  limit,"  for  the  case  taken,  be- 
yond which  expansion  cannot  be  carried  economically,  even  with 

Pb 

steam  increased  to  infinite  tension ;  beyond  this  point  —  becomes 

negative,  indicating  the  assumption  of  impossible  conditions. 

Examining  equation  (E)  we  find  no  such  limit ;  the  sign  of  the 
first  member  remains  positive  for  all  values  of  r,  and  can  never  be- 
come zero  for  a  finite  value  of  that  quantity.  We  are  thus  taught 
that  an  important  diflference  exists  between  the  ideal  engine,  with 
its  non-conducting  cylinder,  and  the  real  engine  working  steam  in 
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a  metallio  cylinder,  as  well  as  between  the  case  of  maximum  effi- 
ciency of  engine  and  that  of  maximum  efficiency  of  capital.  In 
the  cases  of  maximum  efficiency  of  fluid  and  of  engine  for  the 
ideal  perfect  engine,  equation  (E),  only,  is  it  true  that  indefinite 
increase  of  steam  pressure  permits  indefinitely  increased  expan- 
sion. In  all  other  cases  an  absolute  limit  exists,  fixed  for  each 
case,  beyond  which  expansion  cannot  be  economically  carried. 

The  above  equations  for  real  engines  are  approximate,  and  are 
practically  exact  —  the  values  of  the  constants  being  determined 
with  accuracy  —  within  the  range  met  with  in  practice,  and  the 
conclusions  here  deduced  are,  therefore,  correct,  although  the  ex- 
act values  of  the  constants,  or  even  the  precise  form  of  the  va- 
riable function,  f^,  here  may  not  be  fully  ascertained. 

Should  it  seem  desirable,  it  is  easy  to  deduce  the  same  concla- 
sions  —  and  thus  to  confirm,  by  independent  proof,  the  above 
proposition  —  by  the  examination  of  the  ^*  Curves  of  Efficiency" 
of  ideal  and  of  real  engines.^ 

Thus  it  is  seen  that,  while  the  ratio  has  no  limit  for  the  ideal 
case,  it  has  such  a  limit  for  the  real  engine,  and  that  this  limit  may 
be  found  at  a  low  ratio  of  expansion.  The  writer  has  made  this 
comparison  for  the  tJ.  S.  steamers  ^^  Michigan," ''  Georgiana,"  and 
'^Bache,'^  for  which  three  cases  the  real  curves  have  been  ob- 
tained by  him,<^  and  finds  that,  these  curves  remaining  unchanged,^ 
it  is  impossible  economically  to  increase  the  ratio  of  expansion  in 
such  engines  beyond  three,  five,  and  ten  respectively,  even  with 

unlimited  steam  pressure ;  t.  6.,  even  when  —  =:  0*^ 

We  may  therefore  conclude : 

(1)  That  in  all  engines  there  exists  an  ^'  absolute  limit  to  the 
economical  expansion  of  steam,"  whether  considered  with  refer- 
ence to  efficiency  of  fluid,  of  engine,  or  of  capital,  which  limit  can 
not  be  passed,  whatever  pressure  of  steam  may  be  carried  up  to 
the  point  of  cut-ofl*. 

•With  Bncb  curves  the  ordinates  measare  the  work  done  at  Tarionsratioa  of  ex- 
paDsion  in  any  given  engine,  by  quantities  of  steam  proportional  to  the  abscissas. 

*  Vide  Transaetiona  of  the  American  Society  of  Mecfumioal  Engineert,  1883;  JOUB- 
NAL  OF  THB  FRAMKUV  INSTTTUTB,  June,  1882. 

^  The  form  and  location  of  these  curves  at  very  high  pressure  would  undoubtedly 
be  somewhat  altered,  but  it  Is  evident  that  there  must  still  be  found  this  absolute  limit 
so  long  as  condensation  increases  with  extended  expansion.  The  writer  is  inclined 
to  believe  that  the  form  of  the  curves  will  be  substantially  as  shown,  however,  at  any 
attainable  pressure. 

"The  '* Michigan*'  has  an  unjacketed  condensing  engine,  using  saturated  steam; 
the  "  Georgiana"  a  similar  class  of  engine,  with  superheated  steam ;  the  **  Bache's  ** 
engine  is  Jacketed  and  compound. 
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(2)  That  this  limit  is  found  at  higher  ratios  of  expansion  as  the 
type  of  engine  is  more  efficient,  but  that  the  limit  is  indefinitely 
removed  only  in  the  ideal  engine,  and  then  only  as  aiSecting  the 
ratios  of  expansion  at  maximum  efficiency  of  fluid  and  engine. 

(8)  That  this  limit  is  found  at  a  small  value  of  the  ratio  of  ex- 
pansion in  ordinaiy  engines,  and  therefore  may  be  readily  passed 
in  every-day  practice. 

The  limit  is  not  far  from  three  in  the  common,  unjacketed  con* 
densing  engine,  four  or  five  in  the  same  engine  using  superheated 
steam,  and  ten  or  twelve  in  the  ordinary  compound  engine. 

(4)  It  is  evident  that  the  general  propositions  of  this  paper  are 
true  of  all  heat  engines  having  fluid  working  substances,  whether 
vapors  or  gases  worked  in  metallic  cylinders. 


Traksykbse  Strength  of  large  Spruce  Beams.    By  Gaetano 
Lamza,  of  Boston,  Mass. 

[ABBTRACr.] 

The  moduli  of  rupture  and  the  moduli  of  elasticity  of  timber, 
given  in  our  textbooks  and  engineers'  hand-books  for  practical 
use  in  construction,  the  former  for  determining  the  breaking  weight 
of  beams,  and  the  latter  for  determining  their  deflections  under 
given  loads  have,  in  almost  all  cases,  been  deduced  from  experi- 
ments on  small  beams,  not  at  all  comparable  in  size  with  those  in 
common  use  in  building. 

While  such  a  course  is,  to-day,  recognized  as  misleading  by  our 
best  engineers,  it  has  been  and  is  still  followed  very  extensively, 
because,  with  a  very  few  exceptions,  we  have  had  no  experiments 
on  the  strength  or  deflection  of  full  size  wooden  beams  subjected 
to  a  transverse  load. 

Again,  no  experiments,  as  far  as  I  know,  have  been  made  on 
the  large  scale  on  the  strength  of  such  timber  joints  as  are  used 
m  framing,  where  mortises  and  tenons  are  employed,  or  where 
notches  are  cut,  and  we  have  had  no  experimental  basis  from 
which  to  deduce  their  strength,  so  that  the  loads  which  have  been 
supposed  or  assumed  to  be  their  breaking  loads  are  probably  very 
far  from  the  true  breaking  loads. 

In  view  of  these  facts,  and  of  the  practical  importance  of  ex- 
periments on  full  size  pieces  to  the  engineer^  the  architect,  and  tiie 
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bnilder,  I  have  been  so  deslroas  of  having,  at  the  Maseachusetts 
Institnte  of  Technology  the  meana  of  carrying  them  on,  and  of 
giving  my  atudenta  the  opportunity  of  performing  them,  that  I 
have  had  conetriictcd  a  machine  capable  of  testing  a  beam  trans* 
Tersely  loaded  with  a  load  not  greater  than  fiO,000  ponnds,  pro- 
vided the  beam  has  a  length  not  exceeding  twenty-five  feet. 

By  its  means  we  are  also  able  to  test  most  of  the  fVaming  Joints 
nsed  in  practice.  The  results  actually  obtained  by  testing  spruce 
beams  are  given  in  the  following  table : — 
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As  to  the  qnality  of  the  timber,  it  was,  with  the  exception  of 
Nos.  14  and  15,  all  common  merchantable  stock,  its  average  modu- 
lus of  rupture  being  4628  pounds  per  square  inch,  the  largest  being 
5651. 

Nos.  14  and  15  were  cut  in  1877  and  had  been  seasoning  on 
the  wharf  since  that  time  till  they  were  tested  in  April,  1882. 

Nos.  1,  2  and  18  are  tests  of  framing  joints,  and  hence  from  them 
ire  cannot  determine  a  modulus  of  rupture.  No.  5  (a)  was  a 
piece  sawed  from  one  end  of  No.  5,  after  this  had  been  broken ; 
hence,  from  this  no  modulus  has  been  deduced. 

The  question  must  now  be  answered  how  these  moduli  compare 
with  those  commonly  given  in  our  text-books  and  engineers'  hand- 
books. 


Hatfield  gives 
Bankine  gives 
Laslett  gives 
Trautwine  gives 
Rodman  gives 

These  tests  have  given  for  merchantable 


Max. 

Min. 

Mean. 

12,996 

7,506 

9,900 

12,800 

9,900 

11,100 

9,707 

7,506 

9,045 
8,100 
6,168 

stock 


5,651     8,271      4,628 


Hatfield's,  Laslett's,  Trautwine's  and  Rodman's  figures  are  from 
their  own  experiments,  and,  as  is  evident  from  the  above  table,  they 
diflier  very  considerably.  Trautwine  advises  for  practical  use  to 
deduct  one-third,  on  account  of  knots  and  defects,  hence  after 
making  this  allowance  he  would  use  5400.  My  own  figures  would 
give  this  only  for  the  best  of  the  stock  in  common  use,  and  in  tiie 
case  of  knotty  and  poor  timbers  would  give  much  lower  values ;  I 
obtained  as  low  as  8271  and  an  average  of  4623. 

It  will  be  observed  that  although  Hodman's  result  is  not  at  all 
as  small  as  mine,  it  is  smaller  than  any  of  the  others ;  this  is  to  be 
accounted  for  by  the  fact  that  the  pieces  which  he  experimented  on 
were  5}  inches  deep,  2^  inches  wide,  and  50  inches  between  the  sup- 
ports, being  larger  than  those  generally  employed  by  other  experi- 
menters, though  not  at  all  as  large  as  those  used  in  practice. 
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Only  three  tests  have  been  made  to  determine  the  modalas  of 
elasticity,  and  these  have  given  respectively  as  follows : — 

No.  8 1,287,215 

No.  4 1,067,893 

No.  6 938,453 

3)3,243,561 

Average 1,081,187 

The  machine  has  only  been  at  work  about  two  months,  and 
hence  no  more  work  has  yet  been  done,  but  these  and  other  series 
of  tests  will  be  made  in  the  future,  and  it  is  hoped  will  fUrnish  us 
some  more  information  of  practical  importance. 

Note.— Since  the  above  paper  waa  dellTered  a  much  larger  number  of  teats  have 
been  made,  and  a  great  deal  more  Information  obtained  on  the  subject,  a  part  of  which 
was  published  in  the  Franklin  Institate  Joomal  for  Febmary,  1883. 


A  Method  of  Cctting  Screws  of  Incrbasino  Pitch.    By  J. 
BuRKiTT  Webb,  of  Cornell  University,  Ithaca,  N.  Y. 

[ABSnULOT.] 

A  SCREW  whose  pitch  increases  uniformly  from  one  end  to  the 
other  may  be  cut  by  the  following  method. 

Mount  a  suitable  cutter,  say  one  formed  like  a  short  reamer, 
with  teeth  also  on  the  end  surface  (a  '*  Brown  and  Sharpe  "  cutter 
for  the  teeth  of  wheels  could  also  be  used),  in  a  milling  machine, 
and  on  the  bed  of  the  same  fasten  two  journals,  so  arranged  that 
the  blank  for  the  screw  may  either  revolve  or  slide  in  them  witli- 
out  shaking.  The  screw'-blank  as  it  rests  in  these  journals  must, 
of  course,  be  in  the  proper  relation  to  the  cutter,  so  that  if  it  were 
moved  in  the  direction  of  its  axis,  a  groove  parallel  thereto  would 
be  milled  in  the  blank,  and  if  it  were  revolved  a  groove  would  be 
milled  around  the  blank,  while  by  a  suitable  combination  of  these 
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motions  any  desirable  screw  woald  be  milled.  Suppose  now  that  by 
some  means,  we  get,  say,  a  quarter  of  a  turn  of  a  screw  of  any 
form  milled,  and  that  we  then  attach  to  the  bed  of  the  machine  a 
pin,  of  the  same  size  as  the  cutter  and  somewhat  in  advance  of  it, 
to  act  as  a  nnt.  The  end  of  this  pin  must  fit  in  the  groove  in  ex- 
actly the  same  way  as  the  cutter  itself,  so  that  by  turning  the 
screw-blank  it  will  feed  past  this  pin  as  if  it  were  a  small  portion  of 
a  nat.     It  will  now  be  seen  that  by  arranging  a  feed  to  revolve  the 


screw-blank  we  can  make  the  latter  screw  forward  past  the  &xed 
pin,  and  that,  therefore,  the  cutter  will  extend  the  gixiove  indefi- 
oitely.  It  is  also  clear,  that  the  form  of  the  original  portion  of 
the  groove  (the  form  of  tlie  section  of  the  groove  is  not  the  form 
meant)  will  be  repeated  throughout  tlie  screw. 

In  order  now  to  make  a  screw  whose  pitch  shall  increase  in 
arithmetical  prc^resaion,  we  have  only  to  make  the  original  portion 
ill  accordance  with  this  law,  and  then  to  arrange  a  second  feed 
(the  ordinary  feed  of  the  milling  maehine)  by  which  the  bed  with 
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all  that  is  fast  to  it  may  be  aniformly  moved  a  certain  distance  in 
the  direction  of  the  axis  of  the  screw-blank  for  everj^  revolution 
of  the  latter. 

By  reversing  this  latter  feed,  on  passing  the  middle  of  the  blank, 
a  screw-cam  can  be  cut,  which  shall  give  an  oscillation  of  its  nat, 
and  by  suitable  variations  of  this  feed  many  other  forms  can  be  cot. 


Indioator  Attacbmbnt  for  High  Speeds.    By  J.  Bcrxitt  Webb, 
of  Cornell  University,  Ithaca,  N.  Y. 

[abstract.] 

The  steam-engine  indicator,  in  the  form  given  it  by  Watt,  is 
essentially  a  low-speed  instrument,  and  momentum  and  friction 
will  ever  be  present  to  vitiate  its  indications  for  the  high  speeds 
coming  into  use.  A  new  principle  must,  therefore,  be  adopted, 
which  shall  make  the  action  of  the  instrument  independent  of  the 
speed  of  the  engine. 

This  new  principle  has  been  embodied  in  an  instrument  quite 
different  from  the  ordinary  indicator,  and  also  in  an  attachment 
to  be  applied  to  the  latter ;  as  the  former  contains,  besides  the 
essential  and  radical  improvements,  several  conveniences,  the 
shorter  and  simpler  description  of  the  latter  will  be  given. 

The  new  principle  may  be  thus  explained: — in  the  ordinary 
instrument  we  have  a  positive,  horizontal,  oscillating  motion  of 
the  paper,  coinciding  with  that  of  the  piston,  and  a  non-positive,  or 
free,  vertical  motion  of  the  pencil  dependent  on  the  steam  pressure  jn 
the  cylinder  ;  in  the  new  form  of  instrument  the  first  motion  is  the 
same,  but  it  is  made  more  certainly  positive ;  for  the  second  motion, 
however,  is  substituted  a  positive  vertical-feed  of  the  pencil,  de- 
pendent on  the  first  motion.  These  two  motions  form  on  the 
paper  what  we  have  called  the  "  blank-diagram,"  which  will,  from 
the  manner  of  its  formation,  and  in  the  figure,  be  seen  to  consist  of 
a  parallelogram  of  zigzag  "  pressure  lines,"  7c,  Z,  m,  etc.,  such  as 
would  be  made  by  oscillating  (instead  of  continuously  revolving) 
a  chronograph  cylinder.    This  arrangement  evidently  eliminates 
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the  troablesome  effects  of  momentum,  and  the  blan^4iagram  is 
perfectly  aocarate. 

The  volume  and  pressure  curve  is  formed  upon  this  blank-diagram 
by  a  third  or  ^^registering  motion,"  which  introduces  what  we  may 
call  a  ^^chronograph"  Jog  in  the  pressure-lines  as  they  cross  this 
curve.  This  motion  is  dependent,  of  course,  on  the  steam- 
pressure,  and  being  exceedingly  small  it  allows  of  the  employment 
of  a  diaphragm,  instead  of  the  ordinary  piston  and  cylinder,  thus 
eliminating  the  injurious  effects  of  friction  and  making  it  possible 
to  get  rid  of  the  cock  and  of  most  of  the  waste  room  between  the 
indicator  and  the  steam-engine  cylinder. 

We  think  it  no  disadvantage  that  this  new  form  of  instrument 
requires  a  number  of  strokes  of  the  engine  for  the  completion  of 
a  diagram ;  in  fact,  in  the  ordinary  instrument  no  attempt  is  made 
to  confine  its  action  to  a  single  stroke. 


EXFBBDCBNTS  TO  DETERMINE    THE    STRENGTH   OF   CtLINDERS  WITH 

DoMBS  Attached.    By  Samuel  Maesden,  of  Saint  Louis, 
Mo. 

[abstract.] 

These  cylinders  were  made  in  imitation  of  a  locomotive  boiler 
with  a  dome,  and  the  object  of  the  experiments  was  to  ascertain 
one  of  the  ways  in  which  such  a  boiler  gives  wa}'  under  pressure. 
Five  cylinders  were  tested,  they  were  about  four  inches  in  diam- 
eter, and  their  domes  varied  in  size.  They  were  of  lead  and  the 
domes  were  soldered  to  them ;  this  material  was  chosen  on  account 
of  its  uniformity.  The  holes  through  the  walls  of  the  cylinders, 
which  connected  their  interiors  with  those  of  the  domes  were  concen- 
tric with  the  latter,  but  not  in  all  cases  of  the  same  diameter,  and 
this  proved  to  be  the  point  of  main  importance.  When  this  hole 
was  made  as  large  as  the  dome  the  cylinder  and  its  dome  burst  by 
cracking  in  a  plane  passing  through  the  axis  of  both,  the  crack 
starting  on  both  sides  of  the  dome,  at  the  angle  between  dome 
and  cylinder ;  but  when  this  hole  was  made  small  the  cylinder 
burst  on  the  side  opposite  to  the  dome,  much  the  same  as  an  or- 
dinary cylinder  would  have  done. 
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Akbtat,  Natigation.    By  Jos.  db  L'Etoilb,  of  Ottawa,  Canada 

[ABSTRACT.] 

Teds  paper  was  a  review  of  the  subjects  of  atmospheric  currents, 
electricity  and  gases  with  a  view  to  practical  aerial  navigation 
by  means  of  balloons :  to  take  from  the  air  the  means  to  navi- 
gate through  the  air,  and  thus  do  away  altogether  with  the  bal- 
last and  all  such  dead  weight  material  which  has  been  and  still 
is  the  real  cause  of  the  little  or  no  progress  at  all,  having  been 
made  with  regard  to  the  guidance  of  balloons.  The  balloon  should 
take  the  form  of  a  fish  and  be  provided  with  a  propeller,  a  rudder, 
an  air  compartment,  gas  and  air  pumps  or  exhausters,  electric 
battery,  electric  meter,  and  two  safety  valves.  The  balloon  should 
be  made  to  rise  slowly  and  to  descend  with  ease  to  the  earth.  All 
danger  Arom  electric  flashes  coming  in  contact  with  the  escaping 
gas  through  the  envelope  of  the  balloon  has  been  obviated  by 
using  material  which  prevents  such  escape.  The  above  plan  was 
tried,  in  the  year  1869,  and  it  worked  satisfactorily.  When  the 
ensemble  of  this  new  aerial  vessel  shall  be  put  to  a  test,  it  will,  no 
doubt,  prove  as  important  to  the  aeronaut  as  the  steamboat  and 
locomotive  are  to  the  engineer. 

Atmospheric  currents  vary  at  different  altitudes,  and  by  as- 
cending through  high  atmospheric  regions,  aeronauts  cannot 
fail  to  meet  with  favorable  winds.  Observations  for  scientific  pur- 
poses, taken  during  ascensions  in  balloons,  have  hitherto  been  but 
imperfectly  made.  Globated  balloons  usually  rise  in  an  oblique 
direction  and  under  the  combined  influence  of  the  direction  of  the 
wind.  The  change  of  temperature  in  the  atmosphere  in  a  ver- 
tical ascension  could  not  naturally  be  the  same  as  that  met  with 
in  an  oblique  direction  and  sometimes  at  twenty  or  fifty  miles  hori- 
zontally from  the  starting  point,  as  the  atmosphere  above  New 
York  could  not  be  the  same  as  that  met  with  above  Boston  at  the 
same  altitudes,  at  the  same  hour  and  minute,  and  under  the  same 
influence  of  aerial  current.  For  want  of  practical  steerable  bal- 
loons, the  regions  of  the  two  poles  of  our  globe  are  yet  unknown 
to  geographers.  The  different  atmospheric  currents  at  certain 
altitudes,  and  at  different  places  in  a  given  hour  and  minute,  are 
still  a  puzzle  to  meteorologists.    The  capacity  of  telescope  glasses 
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has  DOt  as  yet  been  ascertained  at  different  altitudes  and  under 
difTerent  atmospheric  conditions. 

Astronomers  seem  to  have  overlooked  the  fact  that  a  glass  can- 
not be  as  true  to  the  eye  when  looked  through  on  the  surface  of 
the  earth,  as  it  would  if  above  atmospheric  electric  currents. 
European  and  American  governments  have,  without  forethought, 
Bent  brave  men,  on  board  of  ships  which  cost  millions  of  dollars, 
to  the  arctic  regions,  and  what  has  been  the  result?  Of  course, 
great  loss  of  lives  and  the  sinking  in  the  deep  of  all  such 
valuable  property.  Let  any  one  beg  government  aid  for  the 
minimum  sum  of  say,  four  thousand  dollars,  which  vrould  be  suffi- 
cient to  meet  the  expenses  of  building  a  steerable  aerial  ship ;  what 
woold  probably  be  the  answer? 


Ths  Fdtubb  of  the  Balloon  as  a  Practioal  Means  of  Aerial 
Travel.     By  W.  H.  Ltnob,  of  Danville,  P.  Q.,  Canada. 

[ABSIBACT.] 

The  two  systems  of  aerial  navigation,  or  rather  the  system  of 
actual  aerial  travel  by  balloon  and  the  theory  of  aerial  navigation 
by  utilizing  the  flying  principle,  are  quite  opposite. 

In  the  flying  machine  the  propeller  or  wiugs  are  required  to  act 
upon  the  air  at  once  to  lift  the  dead  weight  of  the  machine,  and  to 
propel  it  or  direct  its  course.  The  balloon,  on  the  contrary,  is  it- 
self a  lifting  power,  lifting  itself  and  carrying  foreign  weight  that 
may  be  a  force  to  direct  or  propel  it. 

We  do  not  forget  that  the  self-lifting  machine  is  in  one  respect 
at  a  disadvantage  with  the  inert  or  dead-weight  machine.  To  be 
lighter  than  air  means  to  be  bulky,  and  to  offer  in  motion  greater 
resistance  to  the  air,  while  what  is  heavier  than  air  is  more  com- 
pact, and  its  motion  more  easily  caused  or  directed.  This  one 
advantage  of  the  flying-machine  over  the  balloon  counts,  however, 
bot  little  so  long  as  it  cannot  both  lift  itself  and  carry  the  little 
extra  weight  of  the  force  required  to  propel  it.  The  balloon  will 
carry  no  mean  weight  besides  its  own.  It  will  caiTy,  besides 
possible  passenger  or  freight  weight,  the  extra  weight  of  a  force 
that  may  direct  or  even  propel  the  whole. 
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In  answer  to  the  question  from  whioh  principle  may  the  best 
results  be  expected,  we  may  note  that  the  dead-weight  principle 
has  given  no  promise  that  we  shall  get  from  it,  alone  at  least,  any 
practical  result.  The  balloon  principle,  on  the  other  hand,  has 
already  given  us  so  much  that  no  one  may  positively  negative  the 
opinion  of  Glaisher  that  it  is  the  ^'  first  principle  of  some  aerial 
machine  that  remains  to  be  suggested."  The  peculiar  disadvantage 
of  the  balloon,  that  of  bnlkiness,  may  be  minimized,  and  the  fly- 
ing principle  itself  may  doubtless  be  utilized  to  its  full  value  in  its 
application  to  the  direction,  and  perhaps  actual  propulsion  of  the 
balloon. 

Is  the  general  ridicule  of  eiOTorts  to  utilize  the  balloon  a  reason 
to  believe  that  it  has  no  practical  future  ?  We  think  not.  Won- 
derful has  been  the  progress  in  means  of  travel,  on  land  and  water. 
Our  cars  and  boats  are  palaces  for  comfort  and  models  of  strength. 
Steam-engines  are  of  giant  power  and  perfectly  under  arm  control. 
Road-beds  are  built  with  wonderful  engineering  skill,  through  rock 
or  over  rivers.  Water  ways  are  charted  and  known,  to  be  fol- 
lowed easily  by  night  or  day.  Yet  everyday's  newspaper  has  its 
record  of  accidents  and  disasters.  The  time  is  doubtless  approach- 
ing when  we  shall  travel  with  an  approach  to  absolute  security  and 
safety.  Still  greater  achievements  of  science  and  ingenuity  will 
make  even  swifter  travel  more  safe,  as  well  as  more  comfortable. 
Explosions  on  river  boats  once  so  common  are  even  now  quite  rare. 
Broken  rails  which  were  an  everyday  occurrence  when  rails  were 
iron,  are  hardly  known  to-day  when  rails  are  steel.  Collisions 
will  be  less  frequent  when  our  roads  shall  have  double  tracks. 
Running  off  the  track  may  degenerate  to  quite  a  safe  excitement 
by  the  possible  common  use  of  inexpensive  girders,  which  are  sug- 
gested by  those  already  used  on  the  New  York  elevated  roads. 
The  risk  of  wreckings  of  trains  will  be  minimized  by  improve- 
ments in  switches,  in  our  system  of  crossings,  etc.  All  this  shows 
that  even  in  surface  travel  the  great  progress  already  made 
leaves  much  to  be  desired,  and  the  accomplishment  of  much  to 
be  expected.  In  aerial  travel  there  has  been  almost  no  prog- 
ress, and  instead  of  hopeful  expectation,  the  question  is  raised 
whether  attainment  in  this  direction  is  possible.  We  have  only  to 
take  the  history  of  ballooning,  showing,  as  it  does,  the  unscientific 
character  of  mostefibrts  made  to  solve  the  problem  of  aerial  travel, 
to  negative  all  such  assumption,  and  to  encourage  the  expectation 
Uiat  the  future  has  great  results  in  store  in  the  line  of  progress. 
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What  the  compass  was  to  the  mariner,  making  possible  the  dis- 
covery of  a  continent ;  what  tlie  electric  telegraph  was  to  the 
railway,  making  possible  the  running  of  trains  on  single  tracks, 
modem  science  and  invention  may  be  to  balloons.  The  batteries 
for  storing  electric  energy,  the  knowledge  being  gained  of  the 
properties  of  gas,  the  remarkable  and  great  advance  in  meteorolog- 
ical science,  are  all  particular  factors  in  the  solution  of  the  prob- 
lem. The  aeronaut  of  the  future,  like  the  driver  of  the  steam-engine 
of  to-day,  must  have  his  power  at  his  hand,  his  gauges  under  his 
eye,  and  his  route,  with  its  advantages  and  dangers,  in  his  mind. 
He  will  not  depend  upon  the  unscientific  helps  of  spare  ballast 
and  gas  to  be  utilized  only  by  an  uneconomic  waste,  or  even  upon 
the  long  ropes  that  dangle  over  the  chimneys  of  houses  or  toy  with 
the  crests  of  icebergs.  With  the  application  of  his  abundant  and 
ever-ready  power  to  a  suitable  propeller  he  will  in  some  measure 
direct  his  course  at  will.  With  a  knowledge  of  air  currents  and 
analogous  matters,  he  will  move  up  or  down  to  suit  his  need,  and 
either  seek  the  help  of  wind  or  evade  its  power. 

When  the  problem  shall  be  solved  it  will  doubtless  be  through 
the  acceptance  and  improvement  of  the  balloon  principle.  When 
the  balloon,  that  has  already  proved  itself  a  carrying  power  of 
no  mean  value,  has  had  turned  upon  it  all  the  helps  that  science 
can  give  to  utilize  its  possibilities,  the  difficulties  of  aerial  navi- 
gation may  vanish. 

That  the  problem  will  be  solved,  men  sanguine  of  any  great 
future  improvements  and  changes  will  not  question.  The  fact  of 
no  advance  for  a  century  does  not,  to  the  minds  of  thinking  men, 
annihilate  the  possibilities  in  the  full  application  to  any  problem 
of  modem  science,  ingenuity  and  skill. 
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The  Glacial  Flood  op  the  Connecticut  River  Valley.    By 
C.  II.  Hitchcock,  of  Hanover,  N.  H. 

[ABSTRACT.] 

In  1878,  Mr.  Warren  Upham's  report  upon  the  "  Modified  Drift 
of  New  Hampshire"  appeared  in  print.  He  sketched  in  full,  with 
maps  and  sections,  the  terraces  and  the  kame  of  the  Connecticut 
valley  in  New  Hampshire  and  Vermont. 

The  phenomena  were  explained  by  supposing  the  various  depos- 
its to  have  been  accumulated  by  the  flood,  attendant  upon  the 
melting  of  the  Quaternary  ice-sheet.  The  kame  was  formed  first, 
and  then  the  higher  terraces,  which  constituted  part  of  an  enormous 
flood  plain.  When  the  ice  was  gone  the  waters  diminished  in  bulk 
and  the  lower  terraces  were  formed.  Two  kinds  of  terraces  were 
8i>ecially  noted  :  first,  the  normal  highest  lateral  terraces  deposited 
by  the  Connecticut  flood ;  second,  the  deltas  of  the  tributaries  to 
the  main  stream  —  the  latter  being  very  commonly  higher  than  the 
others. 

Three  years  later,  Prof.  J.  D.  Dana  went  over  the  same  ground 
with  Mr.  Upham's  report  in  hand,  in  order  to  procure  the  additional 
facts  required  to  estimate  the  size  and  velocity  of  the  ancient  river. 
With  spirit  levels  he  verified  the  accuracy  of  the  report,  and  esti- 
mated what  the  velocity  of  the  current  must  have  been  upon  the 
basis  of  his  estimate  of  the  width  and  depth  of  the  flood.  For 
the  country  between  Massachusetts  and  Wells  river  the  mean 
width  was  thought  to  average  4,000  feet,  and  the  mean  depth  140 
feet.  The  formula  for  the  calculation  of  the  velocity  was  that 
given  by  Humphreys  and  Abbot. 

The  mean  velocity  of  the  flood  from  Haverhill,  N.  H.,  to  Mid- 
dletown,  Ct.,  must  have  been  over  twelve  miles  per  hour ;  allowing 
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for  retardations  of  various  kinds,  the  rate  may  be  assumed  to  be 
ten  miles  per  hour, —  this  velocity  must  have  been  far  too  great. 
A  study  of  the  materials  actually  transported  indicates  an  actual 
velocity  of  three  to  four  miles  per  hour.  In  order  to  bring  the 
calculated  and  observed  velocities  nearer  together,  it  is  suggested 
that  the  land  pitched  to  the  south  less  than  now ;  for  marine 
fossils  occur  at  increasingly  greater  elevations  from  south  to  north, 
and  consequently  the  ocean  must  have  been  higher  in  the  north.  At 
Montreal  it  stood  520  feet  higher  than  now ;  and  by  proportioning 
the  height  to  the  distance,  the  Connecticut  river  at  Haverhill  must 
have  flowed  over  a  floor  120  feet  nearer  the  ocean  level  than  it 
is  now.  By  using  these  figures  Professor  Dana  estimated  that 
when  the  flood  was  at  its  maximum  the  rate  of  velocitj'^  must  have 
been  as  much  as  eight  miles  per  hour.  This  he  allows  is  much  too 
great,  but  he  does  not  state  how  the  velocity  can  have  been  re- 
duced to  the  proper  limit.^ 

In  the  statement  of  the  facts,  exceptions  are  taken  to  Upham^s 
doctrine  concerning  the  method  of  determining  the  height  of  the 
water.  Attention  is  called  to  these  discrepant  views  and  to  the 
presumption  of  the  correctness  of  those  advanced  by  Upham,  be- 
cause they  reduce  the  magnitude  of  the  flood  and  consequently  the 
velocity  of  the  stream,  and  thus  better  harmonize  our  theories  with 
the  facts.  Dana  bases  his  estimates  for  the  depth  of  the  flood  upon 
the  present  altitudes  of  the  deltas  of  the  tributary  streams.  Upham 
claims  that  the  height  of  the  tributary  deltas  should  not  be  taken 
as  the  measure  for  the  main  stream  because  it  is  in  excess  of  the 
truth.  The  height  of  the  usual  lateral  terrace  between  the  tribu- 
taries is  regarded  as  the  more  satisfactory  measuring  rod.  This 
deposit  was  confessedly  made  by  the  main  stream. 

The  following  table,  as  compiled  from  the  sources  cited  above, 
will  show  the  difl*erences  required  for  the  height  of  the  water  ac- 
cording to  the  diverse  theories.  Only  tliat  part  of  the  river's  course 
between  Barnet  and  Massachusetts  is  considered. 

*  See  Amer.  Jour.  Sci.,  Ill,  Vol.  XXIII,  Feb.,  March,  May,  180. 
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« 

River  above 
Ocean. 

Highest  Normal 

Terrace  above 

river. 

II.  N.  T.  above 
Ocean. 

Deltas  above 
river  (Upham). 

Deltas  above 
Ocean  (Upham). 

Deltas  above 
river  (Daua). 

Deltas  above 
Ocean  (Daua). 

Deltas  above 
H.  N.  T. 

«» 

Bamet 

453 
407 

166 
123 

018 
530 

223 
353 

675 
090 

225 
253 

677 
660 

67  U. 
1.30  b< 

58  D. 

Wella  river 

)th 

Haverhill 

392 

83 

475 

2.38 

630 

263 

655 

155  U. 

180  D. 

Piermont 

387 

78 

4G5 

113 

500 

258 

045 

35   « 

180   " 

Orfoitl 

38:) 

878 

52 
1G7 

435 
545 

177 
157 

560 
635 

247 
233 

630 
610 

125   •* 
10  below 

195   ** 

E.  Thetford 

65    «• 

Hanover.. 

373 
38i 

172 
177 

545 
510 

191 
217 

5G4 
550 

207 
242 

580 
575 

19  U. 
40    " 

35    " 

W.  R.  Junction.. 

05    " 

N.  Hartland 

323 

177 

500 

227 

550 

242 

505 

50    •* 

65    •• 

Hartland 

311 

188 

500 

300 

620 

227 

550 

120    ** 

50    •* 

Windsor 

304 

190 

500 

230 

540 

216 

520 

40    '* 

20    ♦' 

N.  Charlestown.. 

293 

157 

450 

182 

475 

210 

500 

25    " 

50    " 

S.  Cliarlestowu.. 

284 

1G6 

450 

216 

500 

200 

490 

50    »* 

40    •' 

Bellows  Falls.... 

283-34 

191-142 

425 

203-252 

480 

207 

480 

61     " 

6J    " 

Waliiole 

22G 

169 

395 

239 

405 

224 

450 

70    " 

53    " 

Putnev  .......... 

215 

135 

350 

150 

3G5 

210 

425 

15    *• 

75    " 

RraUlcbnro 

200 

141 

341 

290 

490 

210 

410 

149    " 

00    " 

Northfield.Mass. 

177 

128 

305 

213 

300 

213 

390 

85  both 

This  table  shows  us  first,  that  the  terraces  slope  downwards  at 
about  the  same  angle  with  the  river's  bed.  A  lake  or  ocean  is 
therefore  not  necessaiy  for  their  formation,  and  for  similar  reasons 
the  tributary  deltas  may  represent  floods  greater  than  that  of  the 
main  stream.  A  study  of  the  strata  of  the  deltas  shows  that  they 
slope  rapidly  as  if  deposited  upon  a  considerable  pitch  towards  the 
main  stream.  Secondly,  the  tops  of  the  highest  normal  terraces 
do  not  slope  continuously  and  uniformly  according  to  the  figures 
in  the  second  and  third  columns.  This  would  seem  to  indicate  a 
variation  in  the  magnitude  of  the  flood  or  of  obstructions.  It  is 
most  marked  between  Thetford  and  Wells  river,  where  the  height 
is  less  than  half  that  of  the  same  terrace  above  and  below.  It  is 
possible  that  the  greater  altitudes  of  the  terraces  below  Thetford 
may  have  been  occasioned  by  an  inequality  in  the  bottom  of  the 
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river.  The  kame  gravel  beginning  at  Thetford  may  have  consti- 
tuted an  obstruction  to  the  free  flow  of  the  river.  The  gradual  rise 
northwards  of  the  deltas  in  coUimn  seven  does  not  agree  with  the 
inequalities  of  the  same  as  stated  ia  column  five.  Thirdl}^  the  last 
column  shows  the  differences  in  the  height  of  the  deltas  and  nor- 
mal terraces  given  by  both  authors.  If  we  are  not  required  to 
accept  the  deltas  as  a  measuring  rod,  we  shall  largely  reduce  the 
depth  of  the  stream  and  thus  learn  why  the  velocity  as  calculated 
by  Dana  is  far  too  great.  If  the  value  of  a  theory  consists  in  its 
ability  to  explain  phenomena,  then  certainly  the  view  that  the  lat- 
eral normal  terraces  indicate  the  height  of  the  glacial  flood  is  to 
be  preferred  to  that  which  would  make  the  tributary  deltas  the 
index. 

The  other  point  of  difference  between  these  authors  concerns 
the  existence  of  a  kame  between  Thetford  and  Windsor.  The  one 
describes  an  arched  ridge  of  coarse  gravel  and  sand  following  the 
lowest  level  of  the  valley  and  dipping  beneath  all  the  terraces. 
The  other  insists  that  this  gravel  is  a  series  of  beds  capping  the 
higher  terraces. 

The  best  local it}'^  to  settle  this  question  lies  about  a  quarter  of 
a  mile  from  my  residence.  I  have  passed  it  hundreds  of  times, 
and  alwaj-s  observe  the  relation  of  the  two  deposits  in  passing, 
and  remark  how  the  kame-gravel  dips  beneath  the  terrace  loam. 
I  have  examined  this  and  several  other  similar  sections  described 
by  Professor  Dana  —  as  upon  both  sides  of  White  river  —  and 
with  this  gentleman's  printed  paper  in  hand,  so  as  not  to  misunder- 
stand his  views,  and  find  that  Mr.  Upham's  sections  and  descrip- 
tions are  entirely  correct. 

Dana  accounts  for  the  presence  of  the  very  coarse  gravel  in 
the  middle  of  the  valle^^,  by  supposing  it  to  have  been  brought 
down  by  tributaries.  Thus  the  coarse  gravels  at  White  River 
Junction  are  thought  to  have  been  brought  down  White  river 
and  dropped  where  the  tributary  joined  the  Connecticut.  If  so, 
then  the  gravel  should  be  composed  of  pebbles  corresponding  in 
character  with  the  rocks  in  Vermont ;  but  the  most  of  them  con- 
sist of  material  derived  from  the  north.  As  the  glacial  current 
came  from  the  northwest,  these  fragments  of  northerl}^  origin  could 
not  be  distributed  nuich  to  the  west  of  the  Connecticut.  Scarcelv 
any  are  to  be  found  west  of  the  kame,  thus  proving  the  gravel  to 
have  been  deposited  by  the  Connecticut  flood  and  not  by  the  White 
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river.  Furthermore,  this  tributary  enters  the  main  stream  through 
a  gorge-like  channel  pointing  south  of  east.  Its  sediment  could 
not  be  distributed  to  the  north  up  and  against  the  Connecticut 
current,  but  this  gravel  bed  is  continuous  for  one-and-a-half  miles 
up  the  Connecticut  above  the  mouth  of  White  river.  Hence  it 
could  not  have  been  brought  by  the  White  river. 

Accepting,  therefore,  the  existing  of  a  kame  in  the  Connecticut, 
we  have  still  further  reasons  for  reducing  the  size  of  the  glacial 
flood,  and  thus  of  harmonizing  our  theories  with  observed  facts. 

Mr.  Upliam's  careful  studies  of  the  modifled  drift  of  the  Mer- 
rimack and  the  otiier  New  Hampshire  rivers  do  not  indicate  such 
differences  between  the  normal  and  delta  terraces  as  have  been 
pointed  out  in  the  Connecticut.  Calculations  of  the  volume  and 
velocities  of  the  glacial  Merrimack,  Contoocook  and  Saco  rivers 
would  be  based  upon  the  altitudes  of  their  highest  normal  lateral 
terraces. 


Contribution  to  Seismology.    By  Richard  Owen,  of  New  Har- 
mony, Indiana. 

[ABSTRACT.] 

The  object  of  the  paper  is  to  point  out  the  relation  between 
solar  and  terrestrial  dynamics,  especially  during  the  shorter  secu- 
lar changes  :  to  show  that  when  there  is  even  a  slight  increase  or 
fliminution  of  motive  power  in  the  sun,  there  is,  both  as  regards 
time  and  space,  either  directly  or  indirectly,  a  corresponding  in- 
crease or  diminution  of  the  earth's  kinetic  energy,  bearing  on  in- 
organic and  also  on  organic  matter. 


DEFINITIONS,    EXPLANATIONS    AND    ABBREVIATIONS. 

The  words  force,  power,  energy  are  used  as  synonyms,  denot- 
ing the  inherent  attribute  of  bodies,  which  gives  rise  to  the  various 
forms  of  motion,  whether  raolocular  or  mass.  The  adjectives 
"motive,  kinetic,  dynamic  are  also  used  as  interchangeable,  with- 
out essentially  varying  the  meaning.     '*  Seismic"  is  employed  in 
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its  most  extended  sense ;  embracing  the  phenomena  of  earth- 
quakes, volcanic  outbursts  —  whatever  the  material  erupted — 
geysers,  hot  springs,  gaseous  emanations  from  solfataras  and  fis- 
sures, as  well  as  land  elevations  and  depressions.  Great  circles 
are  abbreviated  to  G.  C,  and  are  considered  as  belts  having  a  sur- 
face width  about  fifty  miles  each  side  of  the  tlieoretical  line.  The 
five  equidistant  G.  C.'s  described,  in  the  Boston  paper^  for  Ameri- 
can Association  for  the  Advancement  of  Science,  as  east  con- 
tinental trends,  and  whicli  arc  secondaries  to  the  ecliptic  at  our 
summer  solstice,  will  be  designated,  beginning  at  Macassar's 
Straits,  as  A,  B,  C,  D,  K ;  while  their  mates,  defining  chiefly 
western  trends,  and  being  secondaries  to  the  ecliptic  at  our  winter 
solstice,  will  be  called  A',  B',  C,  D',  E'.  The  two  terminators  for 
noon  and  midnight  at  the  meridian  of  land  centre,  described  on 
p.  445  of  said  paper,  are  abbreviated  as  F  and  F',  while  the  merid- 
ian of  Mount  Rosa  (land  centre,  in  about  8°  £.  long.)  may  be 
called  P.  M.,  and  its  prime  vertical,  whose  seismic  importance  will 
be  shown,  is  designated  as  P.  V. 

In  an  abstract,  necessarily,  only  a  few  illustrative  examples  can 
be  given,  tiiereby  detracting  much  from  the  materials  for  a  gen- 
eral deduction,  and  lessening  the  probability  of  its  acceptance. 

I.  Distribution  in  space  of  kinetic  energy^  whetJter  molecular  or 
mass-motive, — Let  us  trace  (best  with  charcoal)  on  any  Merca- 
tor's  map,  which  exhibits  the  volcanoes  and  earthquake  regions, 
all  tiie  G.  C.'s  given  in  the  above  paper  on  '^  Land-forming,"  as 
well  as  the  P.  M.  and  P.  V.  To  these  add  the  concentric  circles 
for  each  continent,  as  described  in  same  paper,  as  well  as  for  Mt. 
Rosa,  the  centre  of  the  land  hemisphere. 

Additional,  and  not  of  least  import,  are  the  radial  fissures  (re- 
sulting probably  from  cooling  and  contraction)  diverging  from 
these  land  centres.  The  most  important  usually  form  with  each 
other,  angles^  at  the  focal  centre  of  5|iL®=  120® ;  while  others  are 
iJf  ^°  =  60°,  or  sometimes  even  J^°  =  30°. 

Having  traced  these  enumerated  circles  and  fissures,  we  shall 
find  that  we  have  now  covered,  with  our  charcoal  belts,  almost 

1  Roston  Proc.  A.  A.  A.  S.,  pp.  437-446. 

>  The  discussion  or  the  nbove  law  beinfffoand  too  extensive,  as  at  first  designed, 
fbr  a  foot-note,  and  being  considered  to  apply  with  equal  force  in  plant  development,  ia 
made  the  subject  of  u  shoit,  separate  paper. 
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every  portion  marked  in  the  maps  as  seismic,  except  Jan  Mayen  in 
the  north,  and  Mt.  Erebus  in  the  south.  Furthermore  the  paper 
shows  that  the  G.  C.'s  follow  the  mountain  ranges  and  the  junc- 
tions between  geological  formations,  besides  several  other  points, 
in  illQstration  of  which  a  few  examples  are  subjoined  under  their 
appropriate  headings. 

1.  Tliese  great  circles  accord  with  mountain  rangres.— Witness 
the  Appalachians  and  western  Ghauts  parallel  to  D ;  the  Rocky 
Mountains,  Great  Khingin  and  Stanovoi  to  F;  the  Sierra  Ne- 
vada to  D' ;  the  mountains  of  Greece,  Turkey  in  Europe,  Bohe- 
mia, etc.,  to  B'. 

2.  These  (?.  C.'s  mark  geological  trends  between  two  formations, 
D  passes  along  eruptive  rocks,  separating  Palceozoic  from  later 
fonnatious  in  the  United  States ;  B'  in  Greece  and  Turkey  runs 
between  Cretaceous  and  Tertiary,  in  Bohemia  between  Palseozoic 
and  newer  rocks ;  then  again  going  N.  W.  passes  between  Mes- 
ozoic  and  Cenozoic. 

3.  Hie  intersections  of  G.  C.'s  are  hfgJdy  seismic. — Santorin  is  at 
the  intersection  of  B'  and  E' ;  Caracas  at  that  of  A  and  P.  V. ; 
Sumatra  and  Quito  at  the  junction  of  three  G.  C/s ;  Iceland  of 
two ;  San  Salvador  of  two  ;  Lisbon  of  two  ;  the  extinct  Eifel  vol- 
canoes of  three,  viz.,  P.  M.,  B'  and  C  ;  Japan,  at  its  V.  Fusi-yama, 
of  two;  the  Cutch,  with  its  Ullah  Bund,  of  two,  viz.,  D  and  P.  V. ; 
the  submarine  Atlantic  volcanic  region  of  two,  C  and  C. 

4.  T/iey  mark  linear  volcanoes,  rising  and  sinking  areas,  also 
geysers,  hot  springs,  etc. — The  volcanoes  of  Kamtchatka,  the  Kuriles, 
Japan,  etc.,  are  on  A ;  and  those  of  South  and  North  America 
chiefly  on  F.  The  Greenland  subsidence  Is  on  B'  and  E  ;  east  end 
of  Candia  sinking  is  on  B' ;  the  west  end  on  E'  is  rising'.  The  area 
in  north  of  Scandinavia,  now  rising,  is  traversed  by  D,  F'  and  A' ; 
the  south  portion,  sinking,  is  crossed  by  C.  The  great  subsidence 
in  the  Pacific  seems  mainly  due  to  E  and  E' ;  also  to  C  and  C  ;  while 
lake  depression  of  central  North  America^  is  due  especially  to  A. 
Tiie  oscillations  in  Belgium,^  as  well  as  those  in  the  Danish  Island 
of  Moen^  are  on  belt  C.  The  geysers  of  Iceland  are  found  on 
D  and  B' ;  those   of   our   '*  National  Park"  on  B' ;  the  fires  of 


'  Dann'8  Man.  of  Geol.,  p.  S91. 

*  Encyclop.  Brit.  (9th  Edit.),  Vol.  UI,  p.  444. 

*  LyeU's  Antiq.,  p.  388. 
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Baka  are  near  P.  V. ;  the  gaseous  emaDations  (now  extinct)  of 
Delphi  and  Livadia  on  B' ;  the  dog-grotto  carbonic  di-oxide,  near 
Naples,  is  on  the  fissure  from  Rosa,  thi-ough  Stromboli  to  Mes- 
sina. 

5.  They  connect  places  of  synchronous^  earthquake  tremblings. — 
Quito  and  Ochotzk®  are  on  F ;  Malta  and  Scotland  on  the  direct  fis- 
sure connecting  those  two  places  through  Rosa ;  Milan  and  Tomea 
on  fissure  from  Rosa  to  Baltic ;  Messina  and  Upsala  connect  at 
Rosa  by  two  fissures  forming  an  angle  of  120°  ;  yet  perturbations 
at  Berlin  did  not  extend  to  Paris^.  Scandinavia  is  connected  with 
Iceland  by  D,  but  not  with  Great  Britain.® 

6.  The  areas  of  these  seismic  belts  seem  favorable  to  metam^orpho- 
sis  and  crystallization  of  rocks  and  minerals. — In  the  Grecian  Ar- 
chipehigo,  along  B'  and  E',  the  limestones  appear  to  have  been  all 
converted  into  marble  —  it  is  so  abundant  that  even  the  cuib- 
stones  at  Athens  are  marble  —  and  along  D  we  obsei've  similar 
effects  in  North  Carolina,  Virginia,  Maryland,  New  York,  and 
Vermont ;  and  the  radial  line  of  force  from  Rosa,  skirting  between 
the  west  coast  of  Italy  and  the  left  flank  of  the  Appenines,  through 
erupted  rocks,  aided  to  give  Carrara  and  other  cities,  near  that  line, 
their  marble,  they  being  on  the  radial  belt  from  land  centre  to 
Calabria,  Messina  and  Etna.  The  belt  A  passes  through  the  dia- 
mond region  of  Brazil ;  E  runs  close  to  the  African  diamond  dis- 
trict, while  D  is  near  the  Golconda  and  Ceylon  areas,  noted  for 
gems. 

7.  T7ie  magnetic  force  exhibited  in  the  earth's  crust  to  tJie  east 
of  Kew  and  Lisbon^  north  of  Vienna  and  northwest  of  Peters- 
burg, described^  by  Prof.  Grylls  Adams,  is  fully  explained  by  follow- 
ing great  circle  C ;  also  Loio  Barometer^  possibly  due  to  tension 
prevailing  sometimes  along  belts  of  G.  C's,  seems  to  predispose  tliose 
areas  to  linear  stoi-ms.  No.  VII,  of  the  Signal  Office  record s,^®  fol- 
lowed tbe  track  of  D ;  the  hurricanes  of  our  coast,  originating 
near  Florida,  run  parallel  to  D ;  and  the  typhoons  of  Japanese 
waters  are  parallel  to  F  and  A. 

0  Mnllet^s  Cat.  of  Earthq.,  5th  Kept.,  pp.  fi5-C;  also  Plate  X  Mb 

'  Cosmos,  Vol.  IV,  p.  143. 

»  Mallet's  Cat.  of  Earthq.,  4th  Rcpt.,  p.  3. 

>  Lecture  delivered  at  Royal  Institution,  June  3, 1881  (Nataro). 

"  Houston's  I'hys.  Geog.,  p.  140. 
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8.  At  least  three  of  the  foci  of  magnetic  intensity  are  at  tlie 
Junction  of  two  O.  C*s.  —  The  sub- Australian  focus  is  at  the 
intersection  of  D  with  E;  that  of  Siberia  is  near  where  B 
aod  £^  meet ;  that  in  the  South  Pacific  is  at  the  junction  of 
A'  with  E'. 

9.  These  belts  traverse  chiefly  fertile  tracts  of  land,  and  often  pass 
through  regions  of  extinct  gigantic  animals, — The  densest  forests 
of  South  and  North  America  are  on  A  and  D ;  while  the  giant 
Sequoias  of  California  are  on  D',  not  far  from  its  junction 
with  B'.  The  extcnslTC  forests  of  Bohemia,  Thuringia,  etc., 
are  also  on  B'.  Belt  D'  covers  the  Patagonian  area  of  Glyptodon, 
etc. ;  P.  V.  and  £  that  of  the  New  Zealand  Dimornis,  etc.,  A' 
and  C  of  the  Australian  Diprotodon  and  the  like ;  A  and  D  and 
B'  of  the  gigantic  remains  in  the  United  States ;  B  and  E^  those 
of  N.  Siberia ;  F'  those  of  the  sub-Himalayas. 

10-  Tlie  chief  civilization  appears  often  to  follow  continental 
trends  marked  by  G.  CTs. ;  and  in  Europe  also  tlie  P.  M. — The  civ- 
ilization of  eastern  Asia  is  covered  by  A  and  F ;  that  of  Afnca 
mainly  by  B  and  B' ;  in  South  America  F  marks  the  older  civili- 
zation of  the  Incas,  the  Yucatan  architecture,  then  passes  near 
the  Aztec,  To! tec,  and  perhaps  Arizonian  developments ;  while 
the  mound-builders  spread  along  A,  and  later  Anglo-Americans 
along  D  ;  latest  on  belt  D'.  In  Europe  the  palaeolithic,  and  neo- 
lithic evidences  in  Scandinavia  and  Denmark,  the  find  at  Nean- 
derthal, the  lake  dwellings  in  Switzerland,  and  the  remains  in  the 
caTes  of  Engis,  Mentone,  etc.,  are  all  on  or  near  the  P.  M. 

11.  National  and  individual  development  seem  greatest  on  some 
of  these  belts, — Grecian  and  Macedonian  history  followed  B'  into 
Austria  and  Germany ;  Rome  spread  her  power  along  the  fissure 
which  traverses  Sicily,  Rome  and  Rosa  (Helvetia),  through  Gaul 
to  Britain ;  the  civilization  of  Spain,  France,  Belgium,  Holland, 
Prussia  and  Denmark  is  found  on  C ;  while  F'  traverses  Scandi- 
navia and  western  Russia  to  near  Gangetic  Hindostan  (Benares, 
etc.),  as  does  the  P.  V.,  the  Caucasus  and  Persia. 

Should  this  law  be  found  to  prevail,  as  it  has  thus  far,  in  num- 
erous individualized  applications,  it  would  point  to  an  additional 
important  factor  in  the  influences  of  environment ;  and  when  we 
find  the  belt  of  B'  passing  through  eastern  Greece,  the  law  may 
aid  us  to  understand  (especially  in  connection  with  the  distribution 
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of  kinetic  energy  in  time)  why  the  inhabitants  of  Attica  were  the 
ablest  of  the  Greek  sub-races,  and  why,  between  the  years  530 
and  430  B.  C,  Attica  should  have  given  to  the  world  fourteen  of 
the  most  illustrious  men  in  history  out  of  about  135,000  males, 
counting  three  generations  to  a  oentuiy.^i 

II.    DISTRIBUTION  OF    SEISMIC   PHENOMENA  AS    REGARDS  TIME. 

The  tabular  synopsis,  exhibited  with  the  unabbreviated  paper, 
shows  that  seismic  phenomena  group  themselves  aroimd  the  sun- 
spot  periods;  for  instance,  Etna  was  quiescent  from  1694  to 
1755  ;  the  years  1698  and  1753  being  two  of  the  consecutive  fifty- 
five  year  minimum  periods.  The  synopsis  further  demonstrates 
that,  by  computations  from  Mallet's  "Catalogue,"  earthquakes 
were  much  more  numerous,  relatiyely  to  the  whole  number  for  a 
given  period,  in  middle  Europe  about  the  year  1663  (when  there 
was  no  declination  of  the  needle  in  middle  Europe),  than  for  the 
same  number  of  years  before  and  after  1814  (the  period  of  greatest 
westing  of  the  needle  in  middle  Europe),  apparently  indicating 
that  maximum  seismic  activity  gradually  follows  the  changes  in 
the  magnetic  meridian  of  a  continent. 

The  tabular  view  shows  also  that  sun-spot  periods  coincide  with 
meteorological  anomalies  (such  as  a  severe  winter  followed  or  pre- 
ceded by  a  hot  summer) .  The  geothermal  changes,  in  middle 
latitudes,  perhaps  following  the  atmospheric  maxima  and  minima 
after  six  months,^^  may,  by  differentiated  heat  (as  when  at  the 
heated  junction  of  the  Bismuth-Copper  Thermo-multiplier,  the  Bi., 
unable  to  transmit  heat  as  rapidly  as  Cu.,  converts  a  portion  into 
electricity),  produce  magnetic  anomalies  in  those  years  of  thermal 
anomaly,  as  indicated  by  the  magnetic  needle  standing  still,  or 
even  retrograding  for  a  year  or  more,  instead  of  pui*suing  its  reg- 
ular secular  march. 

Although  the  whole  magnetic  system  is  undergoing  secular 
changes,  the  mean  plane  of  oscillation  seems  to  coincide  with  the 
meridian  of  land-centre,  and  to  pass  through  the  terrestrial  equa- 
tor between  St.  Thomas  Island  and  the  coast  of  Guinea.     There 

"  LyeU'B  AnUquitieB,  p.  547. 

u  Cosmos  (Sabine's  Trans. )i  Vol.  IV,  p.  38. 
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the  eqoaior  of  dip  intersects  the  equator  of  rotation,  and  the  equa- 
tor of  intensity  crosses  this  same  meridian  of  land-centre  farther 
south  about  10''~15°  ;  both  at  present  running  somewhat  parallel  to 
our  winter  ecliptic,  while  in  perhaps  three  hundred  and  thirty  years 
(as  estimated  below)  these  equators  will  run  nearly  parallel  to  that 
of  our  summer  solstice.  Additional  evidence  of  the  land-centre 
meridian  being  also  the  mean  central  plane  for  the  magnetic  sys- 
tem is  found  in  the  fact  that  (on  using  this  meridian  as  the  divid- 
ing plane),  the  sum  of  the  magnetic  intensities  in  the  eastern 
hemisphere  is  almost  exactly  equal  to  the  sum  of  the  intensities  in 
the  western  ;^^  also  that  the  measurements  A*om  the  region  of 
least  magnetic  intensity  south  of  St.  Thomas  to  at  least  three  of 
the  foci  of  maximum  intensity,  as  well  as  to  Boothia  Felix,  are  as 
nearly  equal  as  are  their  relative  intensities^  Again  the  equator 
of  dip  near  St.  Thomas  does  not  differ  in  position  much  from  the 
mean  equator  of  heat  (mean  isothermal  of  80°  F.)  and  the  north- 
cm  foci  of  greatest  intensity  do  not  vary  far  from  being  the  poles 
of  maximum  cold  in  North  America  and  Siberia.  The  close  con- 
formity of  isocheimal  lines  to  isoclinics  is  also  pointed  out,  and 
some  explanation  is  offered  why  in  our  Middle  States  and  Alaska 
the  declination  E  is  diminishing,  while  in  California  and  some  ad- 
joining regions  it  is  increasing. 

Eminent  astronomical  authority  admits  not  only  the  above  dis- 
cussed variation  in  the  sun's  activity,  but  also  its  bearing  on  the 
earth,  thus  :^^  1.  ^^  The  equatorial  regions  of  the  sun  have  at  least 
1^  higher  temperature  than  the  portion  beyond  the  thirtieth  par- 
allel of  lat.  2.  The  temperature  of  the  sun  is  a  trifle  higher  in 
the  northern  than  in  the  southern  hemisphere.  8.  The  sun-spots 
emit  less  heat  and  light  than  the  other  regions."  Another  as- 
tronomer^^ says :  ^'In  1687  sun-spots  were  so  numerous  thBt  the 
heat  and  brilliancy  of  the  sun  were  perceptibly  diminished ;"  and 
again :  ^^  ^^  Sun  spot  periods  coincide  .  .  .  with  variations  of 
magnetic  force  and  the  periodicity  of  aurorse.boreales.  The  pe- 
riodicity of  the  spots  indicates,  as  Father  Secchi  remarks,  a 
periodicity  in  the  solar  activity  .  .  communicated  to  the  earth." 

uPolyt.  Reyiew  for  D«e.  14, 1878,  p.  247. 
**  Father  Seochi  on  Uie  san,  p.  133. 
^*Rambos80ii'f  Astronomy,  p.  70. 
>«/Mcl,p.75. 
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Any  gradual  change  in  the  sun's  power,  which  would  modify  the 
thermo-electrical  influence,  might  directly  or  indirectly  produce 
the  secular  change  in  the  needle  from  greatest  easting  to  greatest 
westing  and  vice  versa.  As  to  the  time  in  which  this  takes  place, 
although  we  have  not  yet  sufficient  data  for  any  certain  cal 
culations,^^  some  coincidences  seem  to  point  to  a  period  of  about 
three  hundred  and  thirty  years,  thus : 

30  X    11,  the  minor  sun-spot  period         =  330  years. 
6  X    55,    '"  major         ''  ''  =  330 

2  X  164,  twice  the  period  of  Neptune       =  328 
4  X    84,  four  times  the  period  of  Uranus  =  336 


i( 


a 


Possibly  these  combined  influences  may  have  some  bearing  in  con- 
nection with  other  forces  (perihelion,  perigee,  etc.)  in  effecting  an 
electrical  and  magnetic  predominance,  thus,  as  remarked,  produc- 
ing greatest  westing  when  the  maximum  force  prevails  in  our 
winter  solstice,  and  greatest  easting  when  the  most  energy  exists 
in  our  summer  solstice. 

By  tentative  calculation,  taking  the  ratio  of  the  secular  period 
at  Paris  from  1663  to  1814  (the  arc  of  variation  from  Boothia 
Felix  to  N.  Siberia  forming  at  St.  Thomas  Island  an  angle  of  about 
23^-24°,  and  at  Rosa  fully  double  that  arc,  while  at  Paris  it  is 
greater,  but  unequal  for  easting  and  westing),  the  secular  period  of 
magnetic  oscillation  for  middle  Europe  might  be  about  as  above, 
nearly  ,  .  =  830  years. 

An  evident  relation  is  also  traced  and  exhibited  in  the  synopsis 
between  those  centuries  marked  by  Mallet  as  seismic  (first,  fifth, 
ninth,  twelfth,  and  eighteenth),  showing  them  also  to  be  histori- 
cally of  great  importance ;  while,  on  the  contrary,  few  stirring 
events  occurred  in  those  centuries  recorded  by  Mallet  as  non-seis- 
mic, viz.,  the  first  and  second  B.  C,  as  well  as  the  third,  seventh, 
tenth  and  fourteenth  centuries  of  our  era. 

This  suggestive  thought  is  worthy  of  further  investigation,  in 
order  to  trace  the  influence  of  environment  on  anthropographic  and 
ethnographic  development. 

"Beport  of  1881  by  Cbas.  A.  Schott,  Ksq.,  ABsistant  U.  S.  Coast  Sarrej. 
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Law  of  Fracture,  or  Fissurino,  applied  to  Inorganic  and  Or- 
ganic Matter.  By  Richard  Owen,  of  New  Harmony ,  Indiana. 

[ABSTRACT.] 

As  the  unabbreviated  paper  applies  the  law  to  inorganic  and  also 
to  organic  bodies,  this  abstract  commences  with  the  former. 

I.  Inorganic.  If  pellets  of  clay,  or  other  plastic  spheroids,  be 
dropped  into  a  bowl,  the  lateral  pressure  compels  them  to  assume, 
and  present  to  the  eye,  an  approximately  hexagonal  form.^  This  is 
the  polygon  of  greatest  sides,  susceptible  of  lateral  junction  with 
similar  polygons,  so  as  to  leave  no  intervening  spaces.  We  find, 
on  examining  this  junction  of  spheroidal  bodies,  compressed  wiiile 
plastic,  that  the  lines  of  contact  present,  where  any  three  of  these 
polygons  come  together,  three  fissures  or  lines  of  fracture,  diverg- 
ing at  angles  of  ^|^°  =  120®.  If,  however,  these  hexagonal  fissures 
again  break  up  into  equilateral  triangles,  by  the  prolongation  of 
these  sutural  chord  fissures  into  the  adjoining  hexagons,  then  these 
six  prolonged  fissures  meet  at  a  central  focus. 

Further,  if  we  break  a  pane  of  glass,  or  a  cake  of  cap  cement, 
by  a  smart  blow  of  a  sharp  instrument,  placed  centrally  on  the 
pane  or  cake,  we  find  that  the  radiating  cracks  or  fissures,  thereby 
produced,  present  angular  fragments  having,  at  the  focal  point  a 
measure  of  60**  or  30**  or  occasionally  of  120**.  This  law  can  also 
be  traced  in  the  cooling  and  shrinking  of  basalt:  thus  giving  rise 
to  a  set  of  vertical  fissures  diverging  120**,  as  in  the  separation  be- 
tween the  columns  of  the  Giant's  Causeway.  The  same  tendency 
can  be  traced  in  mud  when  drying,  although  often  sun  and  wind, 
acting  chiefly  in  two  directions,  may  give  rise  to  right  square  prisms. 
Fissures  resulting  from  an  upward  force  have  radial  earth  fractures, 
as  after  the  earthquake  in  Calabria.^  If  the  columns  separate  also 
horizontally,  then  we  have  such  exhibitions  as  at  Bertrich  Baden 
Cheese  Grotto.'  Should  the  superincumbent  layers  be  so  distribu- 
ted, as  in  bee  cells,  that  the  unit  of  an  upper  layer  is  directly  over  the 
triangular  fracture  between  three  contiguous  units  below,  and  in  its 
turn  be  pressed  upon  by  three  units  above,  each  such  unit  would 
in  the  upper  layers  be  enclosed  by  nine  rhombic  planes,  and  in  the 
intermediate  layers  would  assume  the  dodecahedral  form. 

>  Kej  to  Geology  of  the  Globe,  p.  85. 

>  LyeU'a  Prin.,  n  Vol.  p.  184;  also  pp.  Ii7  and  1S8. 
*  Lyell'f  Elem.  (ed.  1866)  p.  485. 

A.  ▲•  ▲.  8.*  VOL.  XXXI.  22 
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In  the  separation,  however,  of  contracting  bodies,  as  well  as  in 
the  compression  of  adjacent  plastic  spheroidal  bodies,  if  some  cells 
or  units  are  smaller  than  others,  or  if  the  pressure  is  unequal,  or 
the  ingredients  not  homogeneous,  the  result  may  present  a  pen- 
tagonal cross-section.  The  hexagonal  and  radial  sj^stem  of  Assur- 
ing has  apparently  nothing  in  common  with  the  so-called  joints, 
well  described  by  Prof.  G.  K.  Gilbert,^  which  are  often  at  right 
angles  to  the  planes  of  stratification,  and  parallel  to  each  other; 
nor  with  slaty  cleavage,  probably  due  to  such  compression  as  forces 
all  the  planes  of  the  fragments  (e.  ^.,  plates  of  mica  in  mica  slate) 
into  the  same  plane  with  the  compressing  force. 

Although,  on  our  globe,  the  five  equidistant  great  circles  of 
least  resistance  (or  greater  seismic  force  from  interior)  and  their 
males,  in  consequence  of  being  secondaries  to  the  ecliptic  at  the 
solstices,  would  point  to  solar  influence  as  at  least  contributing  to 
give  them  importance,  3et  the  tendency  of  the  solid  materials  in  the 
earth's  crust,  particularly  at  continental  centres,  to  separate  by 
definite  radial  fractures,  when  acted  on  by  erupting  force  from 
beneath,  exerted  at  various  geological  periods,  evidently  follows 
the  same  law  of  Assuring  stated  above:  the  fissural  lines  being 
sometimes  marked  by  a  chain  of  lakes  (as  from  the  centre  of 
North  America  running  N.  N.  W.)  ;  or  an  extensive  gulf  (as  that 
of  'Guinea  or  Genoa)  ;  or  occasionally  by  interrupted  elevations, 
islands  and  mountains,  such  as  the  line  from  the  centre  of  Africa, 
near  St.  Thomas,  running  N.  N.  E.  through  Prince's  Island, 
Fernando  Po  to  the  Cameroons  and  other  mountains,  as  well  as 
S.  S.  W.  to  St.  Helena;  or  the  120°  divergence  in  the  Carpathians 
from  the  Tatra  centre  of  Europe  ;  or  the  Altai  range  running  S.  W. 
from  the  centre  of  Asia,  while  another  range,  diverging  from  it  120% 
trends  S.  E.  toward  Lake  Baikal.  By  bringing  Mt.  Rosa  to  the 
zenith,  we  can  readily,  on  extending  a  string  thence  successively 
to  every  30°  around  the  globe,  trace  twelve  radii,  marking  usually 
depressions,  some  radii  more  important  than  others  because  pass- 
ing through  highly  seismic  regions,  thus : 

1.  Calling  the  meridian  of  Rosa  which  runs  close  to  Corsica, 
Sardinia  and  Tunis,  the  Prime  Meridian  (although  Greenwich 
Meridian  is  eight  degrees  W.),  we  have  the  termination  in  the  re- 
entering angle  at  the  Gulf  of  Guinea,  the  true  centre  of  Africa. 
2.  Diverging  thirty  degrees  E.  we  have  a  highly  seismic  belt 

*  Am.  Joar.  of  So.,  July,  1881,  p.  00. 
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from  Rosa,  covering  Elba,  Rome,  Naples  and  Etna  ;  broad  enough 
to  take  in  also  Calabria  and  Malta,  tbence  to  lakes  Albert  and 
Victoria  Nyanzi,  and  the  west  coast  of  Madagascar.  3.  A  seismic 
belt,  marking  the  Adriatic  and  Santorin,  passing  between  the 
Dead  Sea  and  Mt.  Sinai  to  Cape  Gardafui.  4.  The  E.  exten- 
sion of  the  Prime  Vertical,  through  the  Black  Sea,  the  S.  shore 
of  the  Caspian,  and  the  Demavend  Volcano,  to  Cutch  and 
the  reentering  angle  N.  of  Madras.  5.  The  line  through  Tatra, 
Europe's  centre,  to  the  base  of  the  Urals.  6.  Through  the  Baltic 
to  the  White  Sea.  7.  The  N.  end  of  our  Prime  Meridian  running 
through  Behring's  Straits,  etc.  8.  A  belt,  through  the  E.  coast  of 
England  and  W.  of  Scotland  to  Iceland  and  Greenland  thence 
through  Hudson's  Ba}'  to  Vancouver's  reentering  BA\g\e,  9.  A  belt 
through  Mt.  Blanc  to  the  Land's  End,  England,  through  the  Bay  of 
Fundy  and  along  the  Appalachians  to  the  Gulf  of  Mexico  and  the 
Volcano  of  Colima.  10.  The  W.  end  of  the  Prime  Vertical,  along 
the  Cantabrian  Mountains,  through  the  Azores  to  Caracas,  Quito, 
etc.  11.  A  S.  AV.  belt  through  Cape  Vincent,  probably  between 
Madeira  and  Funchal  to  near  the  Canary  Islands,  and  through  Brazil 
in  a  line  parallel  to  the  mean  trend  of  its  mountain  ranges,  finally 
to  the  disturbed  region  of  Valparaiso.  12.  A  S.  S.  W.  belt  through 
Minorca,  Liberia  and  Ascension,  to  the  Falkland  Islands. 

Pieces  of  pasteboard,  cut  with  angles  of  120°,  60°  and  30°  will 
be  found  convenient  for  measurements,  when  applied  to  globe,  map 
or  organism.  The  five  great  circles,  which  in  the  paper  on  land 
forming  were  shown  to  be  72°  apart  at  the  equator,  form  angles  of 
60°  at  their  intersection  near  the  polar  circles,  and  enclose  success- 
ively :  1,  Asia ;  2,  Europe  with  Africa ;  3,  S.  America ;  4,  N.  Amer- 
ica ;  5,  Oceanica  and  Australasia. 

The  above  law  of  fracture  seems  also  to  apply  to  the  confluence 
of  rivers :  primary  tributaries  usually  forming,  with  the  great  con- 
tinental drainage  stream,  angles  of  60°  (as  the  Missouri  and  Miss- 
issippi) or  even  120°  when  belonging  to  separate  drainage  systems 
(as  the  Ohio  and  Mississippi  rivers) ;  while  the  secondary  conflu- 
ents anastomose  sometimes  at  angles  of  60°  (as  Wabash  and 
Ohio) ;  but  occasionally  at  30° ;  third-rate  tributaries  usually  enter 
those  of  secondary  importance  at  angles  of  about  80°,  as  White 
river  at  its  junction  with  the  Wabash,  or  Washita  with  Red  River. 

The  paper  next  passes  to  an  examination,  how  far  the  law  applies 
to  plants : 
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II.   Plants.    If  the  primordial  cell,  Mrith  its  protoplasm  and 
central  or  subcentral  nucleus   be  in  juxtaposition  with  similar 
cells,  and  somewhat  crowded,  each  cell  assumes  a  more  or  less 
hexagonal  form ;  ^  and  a  unicellular  plant,  such  as  protococcus,  of- 
fering an  epitome  of  vegetable  life,  presents,  when  young,  the 
division  into  six  equal  triangles,  whose  sides  radiate  to  the  central 
nucleus.  ^    In  all  cellular  tissue,  ^  as  well  as  in  vascular  tissue, 
we  can  trace  more  or  less  of  the  hexagonal  cross-section,  and  even 
the  tendency  to  radial  fissuring.     From  this  cause,  apparently,  in 
the  verticillate  forms  of  plant  growth,  such  as  that  of  the  pines, 
we  find  sometimes  three  branches  thrown  out  horizontally,  each  at 
an  angle  of  120^  from  the  other,  oftener  six  at  equidistant  angles 
of  60°.  Whereas,  in  most  of  those  plants  having  a  spirally  ascend- 
ing growth,  we  find  branches,  or  petioles,  given  off,  whether  oppo- 
site or  alternate,   at  angles  which  form   an  aperture  of    120° 
with  the  lower  part  of  the  trunk  or  rachis,  and  angles  of  60° 
with  the  ascending  stem,  and  which  in  the  alder  cycle  (fourth  leaf 
above  first)  diverge  from  each  other  at  angles  of  120°,  when  viewed 
in  horizontal  section.     The  axillary  bud,  whether  leafy  or  floral, 
emerges  from  the  stem  at  an  angle  of  30°.    When  the  hexagonal 
type  prevails,  as  in  many  monocotyledonous  plants,  it  seems  natural 
that  at  those  six  angles,  where  the  least  resistance  is  offered  to 
dehiscence  (the  most  pressure  being  near  the  centre  of  each  hex- 
agonal line  of  cell-junction)  the  greatest  facility  should  occur  for 
gemmation ;  the  same  applies  to  the  pentagonal  arrangement,  so 
prevalent  among  exogens ;   also  to  the  four-parted  or  cruciform 
type ;  from  whatever  cause  these  modifications  may  arise.     The 
angular  divergence  indicated  above  can,  by  means  of  the  pasteboard 
angles,  be  very  readily  measured  in  young  timber  or  among  the 
commonest  flowers  and  weeds :  the  30°  growth  probably  predomina- 
ting in  exeurrent.trees,  while  the  60°  branching  is  characteristic  of 
the  trees  with  solvent  axis  ;  and  is  found  in  the  great  majority  of 
common  plants.     The  divergence  of  secondary  branches,  at  an 
angle  of  60°  from  the  primary,  brings  the  former  approximately 
parallel  to  the  ascending  axis,   thus  lessening  the  tendency  to 
breakage  of  tree  limbs,  while  presenting  leaf  surface  well  distributed 
to  air  and  sunlight. 

The  coalescence  of  adjacent  side  walls  of  cellular  tissue,  running 
as  medullary  rays,  from  the  central  pith  to  the  epidermal  layer  of 

•  Ency.  Brit.  (9th  edit.)  p.  73.         •  Ibid,  p.^Sl.         ^  Gray's  Les.  in  Bot.,  p.  Itf . 
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the  plant,  gives  rise,  by  tlie  union  of  two  triangles  of  cellalose-en- 
closing  parenchyma,  to  a  rhombus,  which  by  lateral  pressure  and 
upward  growth  becomes  very  acute,  and  presents,  in  the  bark,  those 
diamond  shaped  areas  found  on  hickory,  black  locust,  and  the  like, 
while  the  bai*k  markings  on  some  trees  of  less  rapid  growth, 
approach,  in  their  obtuse  rhombic  form,  almost  to  squares.  The 
crowding  of  each  separate  seed  against  its  neighbors,  in  the  large 
cone,  borne  by  the  Italian  pine,  exemplifies  also  the  hexagonal 
63'stem ;  and  the  tricarpellary  dehiscence  of  the  seed  vessel  in 
Kohlreuteria  (a  Maplewort)  with  its  three  midvein  dissepiments, 
exhibits  three  equal  compartments  for  the  seeds,  which  in  other 
pericarps,  by  duplication,  may  become  hexamerous. 

III.  Animals.  Among  the  Actiniae,^  we  find  thehexameral  ar- 
rangement of  primar}'  mesenteries,  after  the  normal  t3'pe ;  their 
six  fleshy  septa  extending  from  the  outer  edges  of  the  column  wall 
to  the  centre,  while  the  secondary  or  intermediate  mesenteries  do 
not  reach  the  centre.  Among  corals  the  disposition  of  the  six 
primary  septa,  and  additional  forty-two  intermediate  septa,  es- 
pecially of  the  corals  usually  assigned  to  the  order  Zoantharia 
sderodermata^  (as  well  as  the  crowded  corals  in  some  specimens 
of  the  extinct  Cyathophyllum,  rugosum  is  strikingly  conformable 
to  the  hexagonal  type,  with  strongest  radii  to  points  of  least 
resistance.  The  gemmation  among  some  of  the  Radiates,  as  when 
"  the  Hydroid  Zoophytes  develop,  at  a  diverticular  prolongation  of 
the  soft  interior  substance  of  the  stem,"  ^®  a  Medusa  bud,  closely 
resembles  plant-budding ;  and  the  bud  prolongation  diverges  at 
an  angular  aperture  of  either  60°  or  30°, 

Among  Articulates  the  Coronula  diadema  is  a  symmetrical  six- 
sided  prism,  divided  into  six  triangles  not  quite  equal.  The  same 
beautiful  provision  for  strength  and  susceptibility  of  contraction 
and  expansion  can  be  traced  in  the  scoriaceous  integument  of  the 
trunk  fish  {Lectophrys  camellnus)  ;  and  even,  although  not  with 
such  perfect  regularity,  in  the  attenuated  snout  of  the  paddle  fishes 
(Spatularia).  * 

The  law  is  wonderfully  illustrated  in  spiral  univalve  shells ;  de- 
pressed spires,  as  those  of  Solarium,  Patella,  Natica  and  Pyrula, 
showing  120°  ;  medium  spires,  as  those  of  Strombus,  Ranella  and 
Struthiolaria,  forming  an  angle  of  60° ;  more  elongated  spires,  like 

•  Ency.  Brit,  Vol.  tI,  p.  828.  *  Ibid,  Vol.  iv,  p.  888. 

I*  Carp.  Prin.  Comp.  Pbys.,  pp.  641-6. 
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those  of  Cerethium,  Mitra,  Terebra  and  Melania,  diverging  30^. 
Even  the  nodes,  on  the  spirally  ascending  whorls  (showing  greater 
power  or  facility  of  development  where  they  occur)  when  we  place 
the  vertex  of  the  30°  pasteboard  angle  at  the  spire-apex  and  extend 
the  sides  to  the  nodes,  evidently  form  with  the  axis  of  the  columella 
usually  angles  of  30°.  In  some  large  Pyrulas,  however,  on  the 
outer  whorl,  we  find  at  30°  only  an  almost  obliterated  nodule  ;  but 
the  60°  aperture  reaches  a  prominent  node. 

Oken  recognized  the  vertebral  bone  as  the  tj'pe  of  the  skeleton  : 
and  in  the  neural  arch,  as  well  as  the  haemal, ^^  we  find  six  boues, 
while  the  atlas  and  pelvis  have  an  evident  tendency  to  the  hexag- 
onal form ;  and  in  the  enamel  of  the  teeth  is  shown,  in  the 
beautifully  regular  columns  with  six  sides,  an  arrangement  giving 
great  strength  for  resistance  to  crushing  force.  The  cell,  however 
differentiated  (e.  ^.,  in  mucous  membrane  ^^),  is  still  the  type  of  all 
organisms,  and  retains  more  or  less  of  the  hexagonal  form. 

In  the  animal,  as  in  the  plant,  the  five-parted  form,  here  cliiefly 
designed  for  prehension  and  locomotion,  often  prevails.  Thus 
among  radiates,  the  crinoids  partake  largely,  both  in  body  and 
extremities,  of  the  pentagonal  type,  although  some  of  the  Cystidea 
(as  Marsupites,  Cariocrinus,  etc.)  are  symmetrically  hexagonal, 
even  in  detail.  Of  the  Mollusks,  the  highest  Dibranchiates  exhibit 
the  five  tentacles  duplicated.  Among  Articulates,  the  true  insects 
conform  to  the  hexagonal ;  but  the  Decapod  Crustaceans  exhibit 
the  twice,  or  bilateral,  five-parted  type.  Vertebrates  give  us  often, 
among  teleost  fishes,  five  finny  appendages  (two  pectoral,  two 
abdominal,  one  dorsal,  and  sometimes,  however,  also  one  anal,  to 
form  the  sixth).  The  highest  reptiles  (Crocodiles  and  Alligators) 
have  five  toes ;  among  birds,  the  spur  of  the  Gallinacea^,  added  to 
the  four  toes,  may  point  to  a  rudimentary  fifth  ;  the  highest  orders 
of  Mammals,  the  Carnivora,  Monkeys,  and  Man  himself,  all  con- 
form to  the  five-parted  type  of  ultimate  extremities.  Indeed,  if 
we  include  the  neck  with  its  sometimes  elongated  jaws,  and  the 
tail  often  prehensile,  as  both  belonging  to  the-proximate  appendages, 
then  we  have  in  them  also  those  two  prevailing  types,  5  and  6. 

Again,  as  in  the  confluence  of  rivers,  the  paper  shows  the  anas- 
tomosing of  arteries,  veins,  and  even  nerves,  as  very  generally 

"  Owen  on  the  Skeleton  and  Teeth,  pp.  27  aud  tti 
>*Carpeutei-'8  Prln.  of  Comp.  Phys.,  p.  408. 
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wcording  with  the  law  of  60**  aperture,  for  important  branches,  and 
30^  for  those  of  secondary  importance.  Occasionally  the  angle  is 
one  of  120*',  where  the  veins,  etc.,  come  together  from  nearly 
opposite  directions. 

SUMMART. 

The  law  that  homogeneous  tnoiyanic  matter  often  fissures  at 
angles  of  120^  seems  derived  from  the  fact  that,  when  plastic 
clay-balls,  or  other  sphei^oidal  masses  are  acted  upon  by  equal 
force  from  all  directions  inward,  they  are  compressed  into  hexagonal 
prisms:  each  contiguous  three  separated  by  angles  of  120*^;  and 
from  the  additional  fact  that  again,  when  homogeneous  matter  is 
compelled  to  separate,  by  disruptive  force  acting  equally  in  all 
directions  outward,  it  fissures  into  hexagonal  prisms.  By  the  re- 
ciprocal prolongation  (into  adjacent  cells)  of  the  three  fissures 
described  above,  each  hexagon  is  liable  to  be  separated  by  fissures 
(or  in  some  organisms  by  partitions)  into  six  equal  triangles.  In 
the  ease  of  Basalt,  any  three  hexagonal  columns,  resulting  from 
disruption,  would  oflTer  at  their  focal  junction,  apertures  for  subse- 
quent outflows :  thus  adding  new  matter  to  the  external  earth's 
cnist.  Such  fractures,  from  whatever  cause,  may  occur  at  different 
periods  of  the  earth's  history,  often  giving  rise  to  '*  faults"  of 
hundreds  and  even  thousands  of  feet ;  ^'  and  may  then  close  either 
permanently  or  temporarily.  This  applies  especially  to  the  opening 
of  cracks  from  below :  i^*  such  as  those  in  Iceland,  caused  by  an 
earthquake,  ^*  and  reported  to  be  forty  miles  long.  The  five  equi- 
distant great  circles,  on  our  globe  (described  in  another  paper), 
supposed  to  be  belts  of  least  resistance,  probably  owe  their  origin, 
*t  least  in  part,  to  external  forces,  inasmuch  as  they  are  secondaries 
^  the  solstitial  ecliptic  ;  some  are  also  terminators  for  important 
continents  during  the  sun's  meridian  fervor. 

Plants  exhibit  the  same  hexagonal  tendency  in  their  cells,  etc. ; 
and  send  oat  their  buds  at  symmetrical  apertures  of  medullary  tis- 
sue in  the  stem  or  branch :  ^*  the  constriction  at  each  end  or  joint 

apparently  giving  greater  activity  to  the  side  buds. 

1*  Flsher'8  Phys.  of  Earth's  Cruet,  p.  818. 
Mibid,  Phys.  of  Earth's  Cmet,  p.  201. 
1*  Ibid,  Phys.  of  Earth's  Crust,  p.  189. 
>«  Carpenter's  Comp.  Phys.,  p.  619. 
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Among  Animals  Instinct  prescribes  the  hexagonal  form  to  some 
insects  for  their  nidus,  because  it  gives  most  internal  space,  com« 
biued  with  greatest  strength,  ^^  from  least  material ;  while  externally 
every  three  adjoining  cells  (and  so  on  throughout  the  whole  struc- 
ture) unite  closely  without  loss  of  space.  Some  of  the  lower 
animals  give  off,  from  regular  apertures  as  in  plants,  buds,  also 
organs  of  prehension  and  locomotion,  etc. ;  while  among  higher 
animals,  such  as  the  mammals,  the  various  complicated  endo-skel- 
etons,  and  sometimes  exo-skeletons,  as  in  Glyptodon,  present 
modifications  in  which  the  whole  or  a  part  appears  to  derive  its 
origin  from  the  typical  hexagonal  tissues,  differentiated  by  tbe 
protoplasm.  ^®  The  rhombic  scales  of  Ganoid  fishes,  the  polygonal 
plates  of  the  carapace  and  plastron  of  the  tortoise  {e.  g.,  box 
turtle)  as  well  as  similar  dermal  integuments,  often  result  from  tbe 
coalescence  of  two  adjoining  triangular  plates. 

The  least  resistance  of  compressed  polygonal  units  would  seem 
naturally  to  be  at  the  angular  junctions,  because,  at  each  of  the  six 
chords,  the  material,  originally  comprised  in  areas  enclosed  by  the 
two  arcs  of  circles,  is  now  compressed  to  form  a  double  suture- 
line,  while  at  the  angles  there  is  the  entire  uncompressed  length  of 
the  radius :  consequently  along  those  six  radii  (or  five,  in  a  penta- 
gon) which  enclose  somewhat  equal  triangles,  there  would  seem  to 
be  the  least  resistance  to  any  material  emanating  from  the  central 
focus :  whether  magma,  through  fissures ;  buds  where  medullary 
tissue  reached  the  periphery,  ripened  seeds  at  the  carpellary  walls 
of  a  dehiscing  seed  vessel ;  or  protoplasm  through  ruptured  cells 
in  the  prolonged  connective  tissue. 

"  Rey.  J.  G.  Wood's  Homes  without  Hands,  pp.  447  ei  aeq, 

IB  Lecture  by  Frances  £.  White,  M.  D.,  in  Pop.  Sc.  Mou.  for  July,  1888,  p.  888, 
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MAP  OF  WTAMDOT  CAVE. 


Subterranean  Map-making.     By   Horace   C.   Hovet,   of  New 

Haven,  Conn. 

[abstract.] 

The  difficulties  of  subterranean  map-making  arc  peculiar.  The 
tasic  is  veiy  different  from  that  of  surveying  a  bit  of  meadow  or 
prairie.  Were  it  the  more  complicated  one  of  mapping  a  region 
divei-sified  by  hills,  lakes  and  rocky  glens,  yet  there  would  be  the 
advantage  of  doing  the  work  by  day- 
light. But  an  underground  survey 
must  be  managed  while  creeping  un- 
der low  arches,  following  rugged  and 
tortuous  paths,  skirting  the  edge  of 
deep  pits,  fording  miry  pools,  or  climb- 
ing over  rocky  fragments  piled  under 
lofly  domes.  And  all  this  diversified 
realm  is  wrapped  in  absolute  darkness, 
but  imperfectly  scattered  by  lamps. 
Imagine  a  map  of  the  Adirondacks 
made  by  torchlight  on  a  series  of 
moonless  nights,  and  it  will  give  some 
conception  of  the  hindrances  to  a  com- 
plete survey  of  such  a  place  as  Mam- 
moth Cave. 

Add  to  this  the  fact  that  the  singu- 
lar barometric  conditions  make  tests 
of  altitude  doubtful ;  and  that  the 
compass  is  often  affected  by  magnetic 
disturbances.  Consider,  also,  the  nat- 
ural reluctance  of  cave  owners  to  have 
measurements  taken  tliat  mny  show 
the  limits  of  their  surface  rights  to  be 
less  than  their  subterranean  claim. 
No  wonder  that  such  a  formidable 
arra}'  of  obstacles  should  long  have 
hindered  the  attainment  of  even  a\>- 
proximately  satisfactory  results. 

In  exhibiting,  therefore,  maps  that  have  been  made  of  three  of 
the  most  noted  American  caverns,  namely.  Mammoth,  Wyandot 
and  Luray,  it  should  be  understood  that  little  more  is  claimed  for 
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them  than  that  they  are  helpful  diagrams,  aud  that  they  are  the 
best  results  thus  far  secured  from  subterranean  map-making  in 
this  country. 

1.  Wvandot  Cave^  in  Crawford  county,  Indiana,  was  purchased 
by  II.  P.  Rothrock  from  the  U.  S.  government  in  1820 ;  but  no 
attempt  was  made  to  survey  its  avenues  till  1851,  when  the  bear- 
ings and  distances  were  taken  by  II.  C.  Grosvenor.  Another 
survey  was  made  in  1853,  by  D.  L.  Talbot,  M.  D.  From  these 
materials,  supplemented  by  further  explorations  in  1854, 1  prepared 
the  flrst  complete  map  of  this  cave,  the  original  draught  of  which 
is  still  in  my  possession.  Mr.  G.  I.  Langsdale  afterward  laid 
down  some  later  discoveries  ;  and  the  map,  thus  jointly  constructed, 
was  published,  in  18G0,  in  Owen's  ^^  Geological  Recounoissance 
of  Indiana."  My  work  was  carefully  revised  by  myself,  in  1878, 
and  published.  About  the  same  time  Prof.  J.  Collet  made  a  new 
map,  from  notes  of  his  own,  which  appeared  in  the  Rep.  Geol.  Sur. 
Ind.,  1878.  While  differing  from  each  other  in  minor  points,  the 
main  features  of  these  two  maps  agree,  thus  proving  their  general 
accuracy. 

2.  Mammoth  Care,  discovered  in  1809,  is  located  in  Edmondson 
county,  in  Kentucky,  85  miles  S.  S.  W.  of  Louisville.  It  has  been 
repeatedly  mapped,  but  with  remarkable  variations.  The  first 
rude  outline  was  prepared  in  1814,  probably  by  Mr.  Gratz,  the 
early  owner  of  this  cave,  and  published  in  the  Metl.  Repository, 
vol.  xvii,  p.  391.  It  abounds  in  inaccuracies.  A  careful  survey 
was  made  of  the  portion  then  known,  in  the  winter  of  1834-5,  by 
Edmund  F.  Lee,  C.  E.,  who  devoted  three  months  to  the  task. 
His  map,  published  by  James  and  Gazley,  of  Cincinnati,  O.,  is  out 
of  print  and  I  have  never  seen  any  one  who  has  examined  a  copy. 
Next  came  a  map  made  from  notes  supplied  by  Stephen  Bishop, 
the  guide,  and  published  by  Morton  and  Griswold,  of  Louisville, 
Ky.,  along  with  a  manual  entitled  ^^  Rambles  in  Mammolh  Cave." 
This,  too,  is  out  of  print,  the  only  copy  extant  being  in  my  posses- 
sion. It  is  said  that  the  plate  from  which  it  was  printed  is 
destroyed.  Dr.  C.  R.  Blackall,  of  Philadelphia,  made  a  map  at  a 
subsequent  date,  which,  however,  he  was  not  permitted  to  publish, 
being  restrained  b}^  an  injunction.  Another,  but  less  accurate,  map 
was  prepared  to  go  with  For  wood's  **  Historical  and  Descriptive 
Narralive  of  Mammoth  Cave."     (Lippincott,  1870). 

In  the  new  map,  prepared  under  my  supervision,  and  completed 
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tbis  year  (1882);  all  the  portion  open  to  tbe  public,  as  far  in  as 
the  Echo  river,  is  drawn  after  the  recent  survey  made  by  Col. 
Francis  KIctt,  manager  of  the  cave,  who  had  the  advantage  of 
previous  experience  in  connection  with  the  U.  S.  Geographical 
Survey.  The  portion  be^'ond  Echo  river  was  drawn  from  a  general 
survey  of  courses,  the  details  being  filled  from  older  surveys, 
corrected  by  my  repeated  observations.  I  have  not  attempted  to 
indicate  more  th^n  50  or  60  of  the  223  avenues  that  are  said  to 
have  been  explored.  The  work  is  confessedly  incomplete ;  but, 
such  as  it  is,  it  comes  nearer  the  truth  than  anything  previously 
issued.  The  different  levels  are  indicated  b}'  shading,  the  lighter 
shades  denoting  the  higher  galleries,  and  the  darker  marking  the 
lower  tiers  and  the  pits  and  domes.  The  relative  width  of 
enlargements  is  only  suggested  as  an  aid  to  the  imagination  ;  the 
average  being  about  GO  feet,  and  the  greatest  width  not  exceeding 
400  feet.  The  vertical  distance  between  the  surface  and  the  drain- 
age level  is  about  328  feet.  The  general  plan  of  the  cavern  is  that 
of  a  vast  labyrinth,  with  galleries  crossing  each  other  at  various 
levels,  the  aggregate  length  of  which  is  supposed  to  be  150  miles. 
3.  Luray  Cavern^  in  Page  county,  Virginia,  was  discovered  in 
1878  by  ftlr.  A.  J.  Campbell,  and  shortly  afierwards  was  hastily 
mapped  by  Mr.  A.  Y.  Lee,  for  the  N.  Y.  Herald.  Another  map 
was  made  in  1880  by  Mr.  S.  Z.  Am  men.  These  were  taken  under 
the  disadvantage  of  having  to  work  by  candle-light.  This  cave  is 
now  lighted  by  electric  lamps  throughout  its  entire  extent,  and  by 
this  aid  a  new  survey  was  made  this  jear  for  my  use,  with  the 
endorsement  from  the  manager,  Mr.  R.  R.  Corson,  that  "  this  is 
the  only  correct  map  of  Luray  Cavern  ever  made."  The  great 
room  including  the  Elfin  Ramble  and  Pluto's  Chasm  is  about  500 
feet  long  and  200  feet  wide.  Other  large  halls,  e,  (/.,  the  Cathedral, 
and  the  Giants'  Hall,  are  so  filled  with  stahigmitic  pillars  as  to 
prevent  the  visitor's  getting  a  true  conception  of  their  vastness. 
Winding  in  and  out  among  these  mazes  of  stone  forest  and  jungles, 
one  is  liable  to  magnify  drstances.  The  areal  diameter  of  Luray 
Cavern  does  not  exceed  2,000  feet,  but  the  visitor  usually  imagines 
himself  to  have  gone  several  miles  under  ground.  The  place  has 
been  aptly  compared  to  the  Centennial  Buildings,  when  in  their 
full  glory  at  Philadelphia,  amid  whose  embellished  halls  the  visitor 
could  ramble  for  days  without  satiety  ;  and  from  which,  on  growing 
weary,  he  could  at  any  moment  withdraw,  hoping  to  come  again. 
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1«  Tlifi  y«8tnmIe.-4.  WaBbfoflrton*!  TfOar.^^.  Tho  Flower  Garden.— 4.  The  Ampbltheater.-^.  Kahnd 
Bridge  over  Muddy  Lake.  0.  The  Fish  Market— 7.  The  Crystal  SpriiiK.~«.  Proeerphie^s  Pillar* 
9.  The  Spectral  Colnmn.— 10.  Hovey^s  BalcoDy  and  Scarfs.— 11.  Oberon^s  Grotto.  12.  Titania's  VaO. 
18.  Saraoen^s  Tent,  and  Fallen  Colamn.— 14.  The  Orphan  and  Throne.— 15.  The  Tower  of  BabeL— 
16.  The  Empress  Colnmn.— 17.  The  Hollow  Colomn.— 18.  Henry  Baird  (or  Doable)  Colinnn.— 19l 
Chalcedony  Cascade.— 90.  The  Coral  Spring.— 91.  The  Dragon  of  Lnray.— SS.  Bootjack  Alley.— 88.  The 
Mermaid,  or  Scaly  Column.— M.  The  Lost  Blanket.— 26.  Helen's  bcarf.— S6.  Chapman's  Lake.-S7. 
Broaddos  Lake.-88.  The  Caatles  on  the  Rbine.— 89.  The  Imperial  Spring.— 80.  The  Skeleton.— 81.  Tne 
Twin  Lakes.— 88.  Thd  Bngboe  Boom.— ^.  Miller's  Boom.— 31  Hawes'  Cabinet.— jK.  Specimen  ATemie.— 
86.  Proposed  £zit  Ayenoe. 


Note.  In  connection  with  the  above  paper,  maps  were  exhibited  by  the  anther,  ahowfnjr  the 
results  accomplished  in  surveying  Mammoth,  Wyandot  and  Loray  caverns,  oopief*  oi  whicAuvbere 
reproduced.  At  the  evening  reception  given  by  President  Dawson  at  the  RedpAtn  AlttBenni.  8lr.  tiorey 
gave  illustrations  of  cave  scenery,  by  means  of  a  lantern,  fh>m  recent  photographs  taken  by  meaiifi  of 
electric  light. 
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Deep-sea  Soundings  and  Temperatures  in  the  Gulf  Stream 
OFF  THE  Atlantic  Coast,  taken  under  the  direction  op 
the  U.  S.  Coast  and  Geodetic  Survey.  By  J.  R.  Bart- 
LETT,^  of  Lonsdale,  R.  I. 

LAB8TRACT.] 

I  HAVE  come  to  this  meeting  of  the  Association  at  the  kind  re- 
quest of  Mr.  Hilgard,  the  Superintendent  of  the  Coast  and  Geo- 
detic Survey,  to  tell  you  of  the  investigations  made  by  the  steamer 
*•  Blake." 

The  hydrographic  party  of  which  I  have  charge  has  been  in- 
vestigating the  Gulf  Stream  for  the  past  four  j^ears,  the  last  two 
summers  having  been  passed  on  our  immediate  coast.  All  of  3'ou 
have  ideas  or  pet  theories  in  regard  to  this  great  river  of  the  ocean, 
as  Maury  has  happily  called  it.  Many  of  our  greatest  scientists 
have  written  learnedly  about  it.  Professor  Bache,  while  he  was 
Superintendent  of  the  Coast  Survey,  caused  extensive  and  sys- 
tematic investigations  to  be  made  of  its  physical  features.  From 
the  data  obtained,  the  Stream  was  assumed  to  start  from  the 
Caribbean  sea,  making  the  circuit  of  the  gulf  of  Mexico,  and 
to  issue  with  great  velocity  and  high  temperature  from  the  straits 
of  Florida,  continuing  to  about  latitude  45°N.  It  was  described 
as  a  superficial  stratum  of  warm  water  flowing  over  one  of  cold, 
with  banks  of  cold  water,  and  divided  or  bifurcated  into  warm  and 
cold  bands. 

The  bifurcation  was  explained  by  the  presence  of  hills  and  val- 
leys which  were  developed  by  the  soundings,  the  cold  water  being 
said  to  be  in  the  valleys  and  the  warm  water  on  the  elevations. 
As  no  soundings  were  obtained  in  the  strength  of  the  current,  it 
was  supposed  that  the  stream  ran  over,  if  not  in,  a  great  trough  or 
depression  of  the  sea-bed.  At  the  time  the  investigations  were 
made  under  the  direction  of  Professor  Bache,  the  means  of  obtain- 
ing the  depth  of  the  sea  were  very  imperfect ;  now  we  have  the 
most  improved  apparatus  and  soundings  can  be  taken  with  wire  in 
any  current  and  to  any  depth  with  almost  perfect  accuracy. 

The  investigations  made  on  board  the  *' Blake"  show  conclu- 
sively that  the  above  assumptions  are  wholly  erroneous.    My 
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soundings  give  no  channel  for  the  Stream  to  run  in,  there  are  no 
hills  or  valleys,  and  1  have  never  found  any  bifurcation  or  warm 
and  cold  bands.  The  temperatures  obtained  do  not  show  cold 
water  beneath  the  Stream,  but  a  current  of  warm  water  between 
the  Florida  straits  and  cape  Ilatteras  down  to  the  ver^^  bottom. 

As  has  already  been  stated  to  this  Association  by  Mr.  Hilgard, 
the  current  entering  the  gulf  of  Mexico  from  the  Caribbean  sea 
does  not  make  the  circuit  of  the  gulf  as  formerly  stipposed,  but 
passes  to  the  northward  and  eastward  in  the  same  general  trend  as 
the  Yucatan  plateau,  and  thence  to  the  straits  of  Florida. 

The  lines  of  soundings  taken  by  the  ''Blake"  were  twelve  in 
number,  beginning  at  Jupiter  inlet,  Florida,  and  extending  to 
Currituck,  N.  C.  They  were  run  normal  to  the  general  coast 
line. 

The  soundings  give  very  interesting  data  in  regard  to  the  phj'si- 
cal  features  of  the  bottom  of  the  ocean  over  which  the  Gulf  Stream 
flows.  Instead  of  a  deep  channel  in  the  course  of  the  Stream,  as 
reported  by  Lieutenants  MafRtt  and  Craven,  and  published  in  the 
Coast  Survey  Reports,  our  later  soundings  with  wire  show  an  ex- 
tensive and  nearly  level  plateau  extending  from  a  point  to  the 
eastward  of  the  Little  Bahama  banks  to  cape  Hatteras.  Off  cape 
Canaveral  this  plateau  is  nearly  200  miles  wide,  and  gradually  con- 
tracts in  width  to  the  northward  until  reaching  Hatteras,  where 
the  depth  is  more  than  1,000  fathoms  within  30  miles  of  shore. 
The  plateau  has  a  general  depth  of  400  fathoms,  suddenly  drop- 
ping off  on  its  eastern  edge  to  over  2,000  fathoms. 

The  course  of  the  Gulf  Stream  can  be  traced  by  a  study  of  the 
specimens  of  the  bottom  obtained  ;  on  each  side  of  the  Stream  the 
sounding  cylinder  brought  up  ooze,  but  in  the  strength  of  the  cur- 
rent the  bottom  was  washed  as  bare  of  ooze  and  all  living  things 
as  the  bed  of  a  mountain  torrent.  Instead  of  a  cushion  of  cold 
water  at  the  bottom,  the  temperatures  were  the  same  as  those  found 
at  the  corresponding  depth  of  400  fathoms  in  the  Windward  pas- 
sage and  in  the  course  of  the  current  through  the  Caribbean  sea  and 
gulf  of  Mexico. 

The  temperature  of  the  surface-water  was  taken  every  mile  on  all 
lines  and  in  no  case  were  there  found  any  warm  or  cold  bands. 
There  wvas  a  slight  rise  of  temperature  on  entering  the  current,  at 
the  surface,  and  also  a  corresponding  rise  at  the  bottom  in  the 
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Baroe  locality.  The  surface  temperatures  found  in  the  Stream 
were  much  below  those  generally  given  in  published  works  on  the 
subject.  The  average  temperature  in  the  axis  of  the  Stream  rarely 
exceeded  83®F.  in  June  and  July.  On  one  or  two  occasions  the 
thermometer  read  as  high  as  86**,  and  once  89°,  but  it  was  at  high 
noon  in  a  dead  calm»  The  temperature  at  five  fathoms  did  not 
range  above  the  average  of  81J°.  Tlie  surface  temperatures  did 
not  indicate  a  cold  wall  inside  of  the  Stream ;  the  water  between 
the  one  hundred  fathom-line  and  the  shore  seemed  to  be  an  overflow 
of  the  Stream,  as  the  temperatures  at  five,  ten  and  fifteen  fathoms 
were  nearly  as  high  as  those  found  in  the  Stream. 

Lines  for  series  of  temperatures  from  the  surface  to  the  bottom 
were  run  during  the  past  summer  from  Block  island  to  the  Bermudas, 
and  thence  to  Ilatteras.  The  isothermals  show  the  Labrador 
current  until  nearing  the  Stream,  when  they  descend  gradually 
and  in  the  stream  itself  abruptl}^  to  their  gi'eatest  depths.  Instead 
of  the  warm  stream- water  thinning  awa}'  as  it  was  reported  to  do 
when  spread  out,  it  was  not  much  over  fifty  miles  in  width  at  the 
time  of  our  crossing,  as  shown  by  the  current  and  high  surface 
temperatures.  The  temperatures  below  the  surface  were  much 
higher  than  at  the  same  depths  off  the  coast. 

TI>e  ordinary  temperature  at  the  bottom  off  Savannah  and 
Charleston  in  400  fathoms  was  45°.  In  the  Stream  between 
Block  island  and  the  Bermudas  it  was  as  high  as  55°  at  400 
fathoms.  The  isothermals  remained  at  almost  the  same  depth  to 
tbe  southward,  as  in  the  Stream,  on  the  entire  line  to  the  Ber- 
iDodas.  Just  north  of  the  Stream  the  temperature  at  400  fathoms 
was  39^°  and  40°.  At  a  point  well  in  the  Labrador  current  away 
from  the  Stream,  the  temperature  at  400  fathoms  was  38^-°. 

From  the  Bermudas  to  Ilatteras  the  isothermals  were  at  the  same 
depths  as  were  found  south  of  the  Stream  on  the  previous  line, 
but  when  in  the  current  off  Ilatteras,  where  the  Stream  trends  to 
the  eastward,  they  rose  to  the  same  depth  as  off  Charleston  and 
Savannah  on  the  plateau. 

These  temperatures  below  the  surface  seem  to  suggest  that  the 
Labrador  current  underruns  the  Stream  at  Hatteras,  but  at  no 
other  i)oint.  It  probably  keeps  its  natural  boundary  or  western 
wall  along  the  1,000  fathom  curve,  and  thus  follows  around  the 
plateau  towards  the  equator.    No  definite  conclusion  can  be  drawn 
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from  the  data  obtained  thus  far;  but  we  have  at  least  a  clear| 
field  to  work  upon  in  the  future,  in  regard  to  temperatures  an< 
currents,  and  the  contour  of  the  bottom  as  far  as  Hatteras  is  well 
portrayed. 

Tables  ai*e  appended  giving  the  depths,  etc.,  found  on  the  8ey< 
lines. 


Freglacial  Channel  of  Eagle  River,  Michigan.     By  Chas] 
Whittlesey,  of  Cleveland,  Ohio. 

[AB8TBACT.] 

It  is  to  little  purpose  that  an  abstract  of  this  paper  is  giv< 
without  the  illustrations.  Before  the  glacial  era,  the  Eagle  River] 
at  the  Phenix  Mine,  on  Keweenaw  Point,  ran  on  the  back  of 
vein  carrying  native  copper,  which  bears  about  north  20**  west 
The  depth  of  tlie  channel  was  forty  to  sixty  feet,  very  straight,  ai 
as  it  wore  away  the  vein  matter,  masses  of  copper  were  left  at 
bottom,  the  largest  weighing  nearly  a  ton.  On  Point  Keweenaj 
the  drift  striae  are  about  north  50°  east,  nearly  at  right  angles 
the  old  channel,  and  as  the  ice  covering  moved  southwesterly 
pressed  the  gravel,  sand  and  hard  pan  into  the  channel,  with  grei 
force.  It  was  not  only  filled,  but  covered,  to  the  depth  of  thirl 
to  ninety  feet,  with  the  material  of  the  moraines. 

By  mere  accident  Mr.  Martin  Coryell,  M.  E.,  who  was  in  1845-1 
superintending  the  mine,  while  driving  an  exploring  adit  in 
rock  from  the  bottom  of  a  shaft,  struck  the  ancient  channel, 
vein,  and  the  copper  boulders.     The  water  of  the  present  channj 
was  running  on  the  gravel  thirty  to  forty  feet  overhead.     Al 
200  feet  northerly,  the  present  river  makes  a  right  angle  to  the  w< 
at  the  foot  of  a  high  drift  ridge  which  crosses  its  course.     Mr. 
yell  followed  the  ancient  channel  straightforward  under  the  ridj 
which  must  have  joined  the  present  channel  between  the  mine 
Lake  Superior.     He  left  such  plans  of  the  underground  work,  tl 
in  1854  I  was  able  to  construct  a  map  of  the  two  rivers  which 
presented  to  the  section.     Evidently  there  had  been  little  loose  si 
face  material  in  the  preglacial  ages. 
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Recent  Discoveries  op  Fossil  Fishes  in  the  Devonian  Rooks  of 
Canada.     By  J.  F.  Whiteaves,  of  Ottawa,  Canada.^ 

[ADSTRACT.] 

Deposits  containing  remains  of  fisbes  remarkably  like  those  of 
the  Old  Red  Sandstone  of  Scotland  and  Russia  were  discovered 
by  Mr.  R.  W.  Ells,  M.  A.,  of  the  Geological  Survey  of  Canada, 
in  1879,  at  Scaumenac  Ba}',  on  the  north  shore  of  the  Restigouche 
River  and  almost  immediately  opposite  Dalhonsic.  Mr.  A.  II. 
Foord,  of  the  same  Survey,  has  since  devoted  the  whole  of  the 
snmmer  seasons  of  1880  and  1881,  as  well  as  part  of  the  present 
summer  to  a  systematic  exploration  of  these  fish-bearing  beds, 
from  which  he  has  succeeded  in  obtaining  a  large  and  instructive 
series  of  specimens.  Prior  to  1879  all  the  rocks  at  Scaumenac 
Bay  were  regarded  as  helpnging  to  the  Bonaventure  division  of  the 
Lower  Carboniferous,  but  the  fossils  recently  collected  show  that 
at  this  locality  the  conglomerates  and  red  sandstones  of  the  Bon- 
aventure series  are  underlaid  by  shales  and  sandstones  of  Devon- 
ian, and  most  probably  of  Upper  Devonian  age.  The  genera  and 
species  of  fishes  collected  from  these  shales  and  sandstones  may 
be  thns  briefly  indicated. 

1.  Pteridithys  Canadensis.  Extremely  abundant  and  first  des- 
cribed under  the  above  name  in  the  American  Journal  of  Science 
for  August,  1880.  It  may  possibly  prove  to  be  identical  with  the 
Bothriolepis  omata  of  Eichwald,  from  Scotland  and  Russia,  but 
that  species,  of  which  only  one  or  two  isolated  plates  have  been 
found,  has  never  been  defined  with  sufficient  accuracy  to  be  recog- 
nizable. The  Canadian  specimens  show  most  conclusively  that 
there  is  no  essential  difference  between  Bothriolepis  and  Ptenchthys^ 
a  fact  to  which  Dr.  Pander  had  called  attention  in  1857.  The 
divergent,  slightly  curved  barbels  on  the  front  margin  of  the  head, 
which  are  indicated  in  Agassiz's  restoration  of  Pterichthys,  but 
whose  existence  was  doubted  by  Pander,  are  well  seen  in  one  of 
the  Scaumenac  Bay  specimens.  The  singular  flattened-conical 
dermal  appendages  of  the  helmet,  one  on  each  side  of  the  orbit, 
and  represented  in  Pander's  more  recent  restoration  of  the  genus, 
are  equally  well  exhibited  in  two  other  specimens  from  the  same 
locality. 

>  Paleontologist  to  the  Geological  Snrrej  of  Canada. 
A.  A.  i.  8.,  VOL.  XXXI.  28 


854  DEVONIAN  fishes; 

2.  Diplacanthus.  An  apparently  undescribed  species,  remarka- 
ble for  the  small  size  of  each  of  its  fin-spines  in  proportion  to  the 
general  dimensions  of  the  body. 

3.  Acanthodes  Mitcliellif  Egerton.  A  few  examples  of  a  dimin- 
utive Acanthodcan,  which  seems  to  be  barely  distinguishable  from 
the  Scotch  species  named  above.  The  entire  length  of  the  largest 
individual  is  not  more  than  one  inch  and  three-quarters. 

4.  Phaneropleuron  curtum.  A  shorter  and  deeper  form  by  far 
than  the  only  previously  known  species  of  the  genus,  P.  Andersoniof 
Huxley,  from  Dura  Den.  Dr.  Gunther  has  shown  that  of  all  the 
Devonian  fishes  Phaneropleuron  comes  nearest  to  the  living  Cera- 
todus  Forsteri^  of  Queensland,  both  in  its  internal  and  external 
characters,  though  the  dentition  of  Phaneropleuron  was  very  im- 
perfectly ascertained.  Last  summer  Mr.  Foord  was  fortunate 
enough  to  obtain  specimens  of  P.  curium  at  Scaumenac  with  the 
cutting  and  crushing  teeth  well  preserved.  The  maxillary  teeth 
are  short,  curved-conical,  smooth  and  somewhat  compressed.  The 
palatal  teeth,  like  those  of  Dipterus^  as  figured  by  Hugh  Miller 
in  the  "  Footprints  of  the  Creator,"  are  triangular  in  outline  and 
bear  parallel  rows  of  short,  erect,  conical  denticles,  thus  making 
the  affinities  of  Phaneropleuron  with  the  living  Ceratodus^  and  to 
the  Dipnoi  generally,  still  more  apparent. 

5.  Eusthenopteron  Foordi,  Many  large  fragments  of  a  fish,  whicli 
when  perfect  must  have  been  more  than  three  feet  In  length,  and 
which  appears  to  be  the  type  of  a  new  generic  form  allied  to  the 
Tristichopterus  of  Sir  Philip  Egerton,  from  which  it  differs  only  in 
the  following  respects.  In  Tristichopterus  the  vertebral  centres 
are  ossified,  the  osselets  of  the  lower  lobe  of  the  tail  spring  from 
8  or  9  interspinous  bones,  and  the  teeth  (according  to  Dr.  Tra- 
quau')  are  conical  and  circular  in  section.  But  in  EustJienopteron 
the  vertebral  centres  are  not  ossified,  the  caudal  osselets  of  the 
lower  lobe  of  the  tail  are  articulated  to  the  dilated  extremities  of 
the  hajnial  spines,  and  the  teeth  are  compressed  conical  with  sharp 
lateral  cutting  edges.  The  entire  jaw  of  Eusthenopteron^  in  fact, 
is  singularly  like  that  of  the  so-called  Asterolepia  of  Hugh  Miller,  as 
represented  in  the  "  Footprints." 

6.  Glyptolepis,  A  single  specimen,  not  ver}'  well  preserved,  of 
a  small  scaled  species,  which  is  very  similar  to  and  possibly  identi- 
cal with  the  O,  mtcrolepidotfia  of  Agassiz. 
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7.  Olyptolepls.  A  second  species  appears  to  be  indicated  in  the 
oollection  by  large,  isolated  scales  fully  one  inch  in  length,  belong- 
ing to  a  fish  more  of  the  type  of  the  G.  leptoptenis  of  Agassiz. 

8.  Cheirolepis  Cmiadensis,  A  fine  large  Cheirolepis  nearly 
related  to  the  (7.  Cummingice  of  Agassiz  from  the  Old  Red  Sand- 
stone of  Scotland,  of  which  it  may  prove  to  be  only  a  variety. 
The  scnlpture  of  the  scales  on  the  body  and  fins,  and  the  general 
outline,  are  alike  in  both,  but  in  the  Canadian  species  the  position 
of  the  fins  is  different  to  that  of  those  of  its  European  represen- 
tative. 

On  the  sooth  bank  of  the  Restigouche,  about  half  a  mile  above 
Caropbellton,  another  series  of  fish-bearing  deposits  was  discov- 
ered by  Mr.  Ells  in  1881.  These  also  have  been  carefully  explored 
by  Mr.  Foord,  and  a  description  of  the  species  contained  in  them 
has  since  been  published  in  the  '^Canadian  Naturalist.*'  At  this 
locality  the  fish  remains  occur  in  brecciated  limestones  of  about 
the  age  of  the  Oriskany  and  Gasp6  sandstones,  and  much  dis- 
turbed by  trappean  outbursts  and  overflows.  The  specimens, 
thongh  often  well  preserved,  are  generally  fragmentary,  and  the 
species  so  far  recognized  are  as  follows : 

1.  Coccosteus  Acadicus,  Cranial  shields  and  detached  post- 
dorsomedian,  ventromedian  and  preventrolateral  plates  of  a  species 
of  Coccosteus  in  which  the  ornamentation  of  the  head  shield  is  like 
that  of  C7.  decipiens,  and  the  shape  of  the  post-dorsomedian  plate 
18  the  same  as  that  of    (7.  ciispidatus. 

2.  Cepfialaspis  Oampbelltonensis.  Large  head  shields  of  a  Ceph- 
alaspis  of  the  subgenus  Eucephalaspis^  which  show  the  orbits  and 
the  prominences  and  depressions  in  their  vicinity  very  clearly.  In 
all  the  olher  species  of  the  genus  the  sculpture  of  the  exterior 
consists  of  minute  raised  tubercles,  but  in  this  one  the  enamel  is 
very  finely  punctate. 

3.  Ctenacanthus  latispinosus.  Fin-spines  only,  characterized 
principally  by  their  regularly  nodose,  radiating  ribs. 

i,  HomcLcaTUhus  (species  undetermined).  Fin-spines,  also,  of  a 
Bpecies  of  HonfULcanthus  which  seem  to  differ  from  the  H.  arcuatus 
of  Agassiz  only  in  size,  the  Campbellton  specimens  being  much 
larger  than  the  European  ones. 

At  Scaamenac  the  only  other  fossils  found  associated  with  fishes 
are  land  plants,  which  latter  have  been  described  by^  Principal  Daw- 
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801).  The  plants  as  well  as  the  fishes  found  in  the  Campbellton 
breccias  are  entirely  different  from  those  at  Scaumenac,  and 
at  Campbellton,  entomostraca,  Spirorbis  Erianus^  fragments  of  a 
large  Pterygotua  and  two  new  species  of  Cydora  occur  with  the 
fishes. 

The  paper  was  illustrated  by  numerous  specimens  and  by 
diagrams  prepared  by  Mr.  Albert  Grignard,  late  draughtsman  to 
the  Canadian  Survey. 


Note  on  the  Occurrence  of  Sifhonotreta  Scotica  (Davidson) 
IN  THE  Utica  Formation  near  Ottawa,  Ont.  By  J.  F.  Whi- 
TEAVES,  of  Ottawa,  Ont. 

[abstract.] 

In  the  spring  of  1881  three  single  valves  of  a  brachiopodous 
shell,  whose  margins  are  densely  fringed  with  a  single  row  of  fine 
hairlike  spines,  were  collected  by  Mr.  J.  W.  H.  Watts,  R.  C.  A., 
from  a  band  of  impure  limestone  in  the  Utica  Slate  of  Cumming's 
Bridge,  near  Ottawa  City.  These  specimens  have  since  been  pre- 
sented by  Mr.  Watts  to  the  Museum  of  the  Geological  Sun^ey  of 
Canada.  Upon  examination  with  an  ordinary  simple  lens  it  was 
at  once  apparent  that  they  were  referable  to  De  Verneuirs  genus 
Siphonotreta,  and  that  in  most  respects  they  bore  a  xevy  close  re- 
semblance to  an  English  species,  the  S.  Anglica  of  Prof.  Morris. 
But  the  spines  of  S,  Anglica  are  distinctly  stated  to  be  annulated, 
whereas  in  the  Canadian  specimens,  as  viewed  under  an  achromatic 
microscope  with  an  inch  and  a  half  objective,  the  spines  appeared, 
to  the  writer  at  least,  to  be  quite  smooth. 

Having  occasion  to  send  some  Canadian  brachiopoda  to  Mr. 
Thomas  Davidson,  F.  R.  S.,  a  few  months  ago,  for  cxaminatiou 
and  comparison  with  British  species,  the  three  examples  of  the 
Ottawa  Siphonotreta  were  forwarded  to  him  at  the  same  time, 
and  in  a  letter  received  from  Mr.  Davidson  in  May  last  they  are 
reported  upon  as  follows : 
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"  The  Siphonotreta  from  near  Ottawa  interests  me  much.  It  is 
identical  in  shape  and  characters  with  the  Upper  Llandeilo  species 
which  I  named  Siphonotreta  Scotica.  I  am  very  uncertain  whether 
the  Wen  lock  Shale  species  named  ^S'.  Anglica  by  Morris  is  the 
same  or  not.  Only  one  crushed  specimen  of  the  S.  Anglica  has 
been  found  and  its  spines  are  annulated  as  described  by  Morris. 
I  could  see  no  annulations  in  the  spines  of  manj'  specimens  of 
S.  Scotica  found  by  Mrs.  Gray  in  tlie  Upper  Llandeilo  of  Craighead, 
Ayrshire,  nor  do  I  see  any  in  your  specimens.  As  there  is  uncer- 
tainty as  to  the  specific  identity  of  the  highest  Upper  Silurian 
form  with  the  Lower  Silurian  one,  and  as  none  have  been  found 
In  all  that  mass  of  intervening  strata,  I  prefer  provisionally  to 
retain  the  two  names,  or  until  other  Upper  Silurian  species  shall 
have  been  found." 

The  interest  of  Mr.  Watts'  discovery  lies  of  course  in  the  fact 
that  this  is  the  first  time  that  a  species  of  the  genus  has  been  re« 
oorded  as  occurring  in  N.  America. 


Oh  a  Post-Tkrtiart  Deposit  containing  Impressions  op  Leaves, 
IN  Cumberland  county.  New  Jersey.  By  N.  L.  Britton,  of 
New  York,  N.  Y.  i 

[ABSTRACT.] 

The  deposit  which  this  paper  is  intended  to  describe  has  long 
been  known  to  a  few  geologists,  but  no  detailed  description  of  it 
has  as  yet  been  given.  It  is  located  near  the  city  of  Bridgeton, 
Cumberland  count}',  N.  J.,  near  the  shore  of  a  huge  pond  from 
which  a  stream  flows  and  empties  into  the  Cohansey  Creek. 

The  material  which  bears  the  leaf-impressions  is  a  rather  coarse 
quartz  sand,  cemented  together  by  hydrated  sesquioxide  of  iron 
into  a  soft,  friable  sandstone.  The  stratum  containing  them  is 
foand  immediately  at  the  surface  of  the  ground,  apparently 
extending  into  the  side  of  a  low  hill ;  it  is  at  least  four  feet  in 

>  Of  Colombia  College  and  asBistant  in  the  Geological  Survey  of  New  Jersey. 
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thickness,  and  in  portions  of  it  the  impressions  are  very  abundant, 
while  at  other  points  only  an  occasional  one  is  to  be  found.  The 
outcrop  of  this  leaf  bed  may  be  traced  for  some  twenty-five  feet 
along  the  hillside.  Its  inclination  is  very  nearly  horizontal.  This 
sandstone  belongs  geologically  to  the  superficial  formation  which 
covers  the  Tertiaiy  and  Cretaceous  strata  of  New  Jersey,  and  also 
extends  northwanl  to  some  extent,  as  far  as  the  terminal  glacial 
moraine  on  the  red  shales  and  sandstones  of  the  Trias.  The 
materials  composing  this  superficial  formation  arc  gravel,  sand 
and  loam,  uniformly  of  a  light  color,  generally  yellow,  white  or 
gray,  and  from  this  circumstance  it  is  known  as  the  yellow  drift ; 
it  is  also  termed  the  Pre-glacial  drift,  because  it  is  older  than  the 
drift  deposits  due  to  glacial  action.^  This  3'ellow  drift  is  generally 
plainly  stratified ;  it  varies  from  forty  feet  or  even  more  to  a 
fraction  of  an  inch  in  thickness,  being  sometimes  represented  only 
by  a  few  yellow  pebbles ;  it  varies  in  coarseness  from  gravel  with 
pebbles  some  inches  in  diameter  to  a  fine  sand  or  loam.  It  is  often 
found  that  this  material  is  cemented  together  into  a  reddish-brown 
sandstone  or  conglomerate  by  hydrated  oxide  of  iron  precipitated 
from  springs  since  its  deposition.  This  rock  forms  the  only  building 
stone  native  to  the  region  and  it  is  extensively  used  for  lining  wells, 
cellar  walls,  etc.  A  few  buildings  have  been  constructed  of  it,  as 
the  large  seminary  at  Bridgcton.  Casts  of  marine  mollusks  have 
been  found  in  it  at  Tuckahoe,  Atlantic  county,  where  it  contains 
casts  of  what  were  apparently  the  shells  of  the  common  hard  clam 
(  Venus  mercenaria)  and  others,  and  I  have  recently  secured  speci- 
mens of  other  mollusks,  mostly  too  poorly  preserved  for  identifica- 
tion, in  the  yellow  drift  near  Marlboro,  Monmouth  county.  It  also 
contains  silicified  fossil  wood  at  Bridgeton,  Shark  River,  New 
Egypt,  MuUica  Hill,  and  other  localities. 

The  stratum  bearing  the  leaf-impressions  at  Bridgeton  is  a  rather 
coarse,  soft  sandstone  —  so  coarse  indeed  that  the  margins  of  the 
leaves  are  often  very  indistinctly  preserved  making  it  difiScult  to 
determine  the  outline.  The  primary  venation,  however,  and 
sometimes  the  finer  subdivisions  of  the  veins  are  easily  to  be  seen. 

The  identification  of  the  species  represented  is  not  yet  completed. 
Among  the  genera  we  have  Liquidambar^  the  sweet  gum  repre- 
sented by  several  specimens  of  leaves  resembling   those  of  the 

s  For  A  full  account  of  tho  Pre-glaclal  drift,  sec  Annnnl  Report  of  the  State  Geologift 
for  1880,  pp.  87-07. 
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living  species  {L.  styracfflua  L.)  but  only  three-lobed,  instead  of 
"five-  or  sevcn-lobed  as  the  leaves  of  that  tree  are  ;  numerous  speci- 
mens of  a  species  of  Vibuimum^  as  shown  by  the  venation ; 
fragments  of  a  broad-leaved   grass,   perhaps   Zizania;  serrated 

leaves  of  a  species  of  Ulmus^  and  several  other  genera. 

This  is  the  only  locality  known  in  New  Jersey  where  the  pre- 

glacial  drift  contains  leaf-impressions.  The  species  will  be  figui*ed 

and  described  in  reports  on  the  fossil  floras  of  New  Jersey,  now 

in  preparation. 


Teekacss  and  Beaches  about  Lake  Ontario.    By  J.  W.  Spen- 
cer, of  Columbia,  Missouri. 

iAB8TBACT.>] 

In  and  about  the  Dundas  valley,  at  the  extreme  western  end  of 
Lake  Ontario, —  topographically  described  by  the  author  in  his 
paper  on  the  Origin  of  the  Lakes,  in  the  Proceedings  of  this  So- 
ciety for  1881, —  there  are  the  remains  of  a  considerable  number 
of  terraces  and  beaches. 

The  lowest  of  these  beaches  is  that  forming  the  modern  "western 
shore  of  the  lake.  Burlington  beach,  which  separates  Burlington 
bay  (a  body  of  water  about  fifteen  miles  area  and  seventy-eight 
feet  deep)  from  Lake  Ontario,  rises  only  eight  feet  above  the 
water.  It  is  composed  wholly  of  sand  and  gravel  (containing  an 
abandance  of  fossils  belonging  to  the  Hudson  river  formation) 
which  have  been  transported  by  ice  and  wave  action,  a  distance  of 
at  least  twenty  or  thirty  miles,  from  a  region  northwest  of  the 
lake,  along  with  a  few  crystalline  pebbles.  This  beach  and  shore 
line  contains  no  Niagara  pebbles,  although  almost  beneath  the  Ni- 
agara escarpment. 

In  elevation,  the  next  terrace  is  south  of  the  Dundas  marsh,  at 

>  For  file  mlmite  details  of  the  sobjeet  of  this  imper,  the  reader  is  ref)erred  to  the 
author's  lengthy  paper  on  the  **  Sorfhoe  Geology  of  the  Bcgion  abont  the  Western  End 
of  lake  Ontario,''  in  the  Canadian  Naturalist  for  1882,  copies  of  which  can  be  obtained 
ftom  Dr.  Spencer.   See  also  American  Journal  of  Scienoo  for  Doo.,  188S. 
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from  70  to  80  feet  al)ove  tlie  lake,  and  forms  a  plane  of  considerable 
area,  made  up  of  fine,  thinly  bedded,  arenaceous  clay. 

The  third  and  most  conspicuous  terrace  is  that  at  116  feet  above 
the  lake  and  extends  as  a  contour  line,  for  long  distances  about 
the  western  end  of  the  lake.  It  forms  '' Burlington  height"  which 
separates  what  is  now  tiie  large  Dundas  marsh  (at  the  level  of  the 
lake)  from  the  lake.  It  is  composed  of  the  same  material  as  the 
present  lake  shore  —  Hudson  river  sands  and  pebbles,  without  any 
admixture  of  Niagara  pebbles. 

Again  in  the  Dundas  vallc}'  we  have  isolated  remains  of  former 
stratified  shore  lines  at  180,  224,  261,  335,  440  (?),  and  500  feet 
above  the  lake.  All  of  these  higher  beaches  are  composed  of  sand 
and  pebbles  of  the  Hudson  river  period,  with  less  or  more  debris 
of  the  adjacent  Niagara  formation.  In  fact,  the  study  of  the 
beaches  about  the  western  end  of  Lake  Ontario  shows  a  gradual 
recession  of  the  water  of  the  lake,  with  few  sudden  changes  of 
level.  Also  the  transportation  of  the  greater  proportion  of  the 
material  of  all  the  beaches  was  from  the  country  northwest  of 
the  lake,  and  from  lower  elevations  than  those  of  the  old  shore 
line. 

Between  Toronto  and  Lake  Siracoo,  Mr.  Thos.  Roy  measured 
beaches  at  110,  210,  282,  310,  34G,  402,  422,  502,  558,  626,  682, 
734,  and  764  feet  respectively  above  Lake  Ontario.  In  addition 
to  these  gravel  beaches,  others,  at  600  feet,  and  on  descending 
towards  Georgian  bay  (along  the  Northern  Railway)  at  520,  388, 
and  354  feet,  have  been  measured. 

Along  the  Toronto,  Grey  and  Bruce  Railway,  which  extends  in 
a  direction  north  of  westward  from  Toronto  to  and  across  the  high- 
est portions  of  the  i)cninsula  of  Ontario,  underlaid  in  part  by  the 
"Artemesia  gravel**  ridges,  there  are  a  number  of  conspicuous 
sand  and  gravel  beds,  which  follow  contour  lines  more  or  less 
closel}-.  Edmund  Wragg,  Esq.,  furnished  me  with  the  following 
railway  levels  of  many  of  these  beds.  The^^  have  been  measured 
at  160,  280,  370,  710,  990,  1,120,  and  1,340  feet  above  L:\ke  On- 
tario. After  crossing  the  summit  of  the  road  at  1,462  feet,  there 
are  extensive  gravel  beds  at  1310,  and  from  1000  to  697  feet  above 
the  same  datum  along  the  main  line  of  the  railway,  and  along  the 
western  branch  of  the  road,  at  1299,  1130,  1050,  870,  850,  and 
830  feet  above  Lake  Ontario.  Near  Owen  Sound  there  are  others 
at  546,  496,  and  466  feet  above  Lake  Ontario. 
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Along  the  Great  Western  Railway,  in  the  valley  of  St.  Davids, 
the  interglacial  outlet  of  the  Niagara  river  is  filled  with  stratified 
sand  and  gravel  of  the  Hudson  river  formation  from  about  250  feet 
to  380  feet  above  the  lake. 

The  elevations  of  terraces  in  New  York  State  are  imperfectly 
known  to  me.  Eastward  of  Loekport  there  are  the  lake  ridges 
from  158  to  190  feet  above  the  lake  (Hall).  In  the  region  of  Sen- 
eca lake  and  Skaneateles  lake,  I  have  observed  beaches  of  various 
heights  to  about  625  feet  above  Lake  Ontario.  In  Michigan,  there 
are  beaches  to  1350  feet  above  Lake  Ontario  (Rominger).  Near 
Petit  fecrit,  Lake  Superior,  there  are  beaches  at  398,  408,  458, 
592,  627,  635,  and  699  above  the  same  datum  (Geol.  of  Canada). 
Again,  southwest  of  Lake  Erie,  there  are  beaches  or  ridges  at  65, 
90, 165, 195,  220, 350,  408,  386-490  feet  above  Lake  Erie  (Messrs. 
Gilbert  and  Winchell). 

In  the  Ontario  peninsula,  the  outline  of  the  Artemesia  gi-avel 
may  be  approximately  represented  by  the  1250  foot  contour  line, 
though  extending  south  of  it.  This  gi*eat  belt  of  gravel  is  gener* 
ally  parallel  with  the  Niagara  escarpment,  and  is  mostly  composed 
of  Guelph  dolomites,  or,  in  some  localities  of  debris  from  adjacent 
rocks.  There  are  more  or  less  fragments  of  Laurentian  and  Hu« 
ronian  crystalline  rocks,  intermingled  with  the  other  well  water- 
worn  material.  Indeed,  there  are  often  rounded  fragments  of 
Hudson  river  pebbles  (these  coming  from  lower  elevations). 

From  the  eastern  side  of  the  Artemesia  gravel  a  narrow  ridge 
extends  for  nearly  a  hundred  miles,  nearly  parallel  to,  and  only  a 
few  miles  distant  from.  Lake  Ontario,  known  as  ^^  Oak  Ridge."  Its 
most  conspicuous  portion  maj'  be  represented  by  the  contour  line 
of  650  feet  above  Lake  Ontario,  although  the  highest  portion  rises 
893  feet.  This  ridge  has  an  elevation  of  from  200  to  300  feet  above 
the  broad  rock-bottomed  trough  on  its  northern  side,  which  extends 
from  Georgian  bay  to  the  eastern  end  of  Lake  Ontario.  A  spur  of 
this  ridge  extends  southward  to  Lake  Ontario  at  Scarboro  heights, 
a  few  miles  east  of  Toronto. 

There  is  a  resemblance  between  the  Artemesia  ridges  and  the 
so-called  Kettle  moraines  of  Wisconsin,  Coteau  des  Prairies  and 
Coteaa  de  Missouri.  Between  these  ridges  there  is  a  general 
parallelism.  The  Artemesia  gravel  reaches  1700  feet  above  the 
sea — a  height  as  great  as  portions  of  Coteau  des  Prairies. 
The  deposit  of  the  Artemesia  gravel  is  simply  around  the  high 
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rocky  floor  of  a  portion  of  country,  and  marks  the  recession  of  the 
waters,  in  more  or  less  perfect  contour  lines,  with  most  of  the  ma- 
terial of  local  origin  and  stratified. 

Whatever  barriers  may  have  separated  the  lake  region  from  the 
sea,  there  seems  no  doubt  that  the  whole  area  was  submerged 
beneath  the  sea  level  to  at*  least  1700  feet,  for  no  glacial  lake  could 
account  for  the  high  level  beaches.^ 

As  the  continent  was  rising  the  waters  of  this  inland  lake  had 
many  channels  communicating  with  the  exterior  sea,  across  Ohio 
and  New  York,  besides  that  by  way  of  the  St.  Lawrence  valley. 
Local  oscillation  doubtless  played  an  important  part  in  letting  out 
the  confined  waters,  but  to  what  extent,  it  cannot  yet  be  deter- 
mined. Below  1 200  feet  above  the  sea-level  of  to-day,  the  principal 
old  outlets  are  by  the  valley  of  Cayuga  lake,  at  1015  feet ;  by  the 
valley  of  Seneca  lake,  at  865  feet ;  by  the  Mohawk  river,  at  434 
feet,  and  by  the  present  St.  Lawrence  valley,  at  247  feet.  Dr. 
Newberry  enumerates  various  other  outlets  in  Ohio,  at  936,  968, 
909,  910,  and  940  feet  above  the  present  ocean  level. 

There  is  a  marked  connection  between  some  of  these  old  outlets, 
and  the  beaches  which  rise  a  few  feet  above  them,  in  that  they  are 
the  most  conspicuous  and  widespread. 

The  explanation  of  much  of  the  transported  material,  and  es* 
pecially  the  rocks  of  Hudson  river  formation,  at  localities  sit- 
uated higher  than  their  original  sources,  can  best  be  accounted 
for  by  the  theory  that  they  were  carried  upward  during  the  time 
when  the  continent  was  undergoing  subsidence,  and  that  they  were 
re-arranged  by  the  waves  and  shore  ice  of  a  subsequent  period. 

Let  us  now  consider  the  origin  of  Burlington  headi  and  Burling^ 
ton  heights.  These  beaches,  separating  bays  from  the  lake  at  dif- 
ferent times,  owe  their  origin  to  common  causes.  The  materials 
for  both  of  these  beaches  (whether  at  8  feet  or  116  feet  above  the 
present  lake),  were  brought  some  distance  from  the  northwestern 
side  of  the  lake,  and  not  from  local  material ;  for  had  such  been 
brought  down,  their  composition  would  be  pebbles  of  Niagara 
rocks  in  place  of  those  of  the  Hudson  river  formation.  Moreover, 
the  transporting  power,  and  also  the  quantity  of  water  of  the 

*  Since  the  paper  of  which  the  above  is  an  abstract  was  written,  Dr.  Dawson,  the 
President  of  this  Association,  has  described  the  occorrence  of  the  remains  of  a  large 
whale,  In  gravels  northeast  of  Lake  Ontario,  at  an  elevation  of  440 feet  above  the  sea— 
thus  proving  that  daring  the  formation  of  some  of  the  widespread  beaches  of  the  lake 
basin,  there  was  direct  connection  with  the  sea. 
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streams  of  the  Dundas  valley,  had  become  very  unimportant  before 
any  of  the  deposits  succeeding  the  interglacial  epoch.  Formerly, 
for  the  higher  ridge,  when  the  lake  was  116  feet  above  its  present 
surface,  as  afterwards  for  the  present  Burlington  beach,  the  ma- 
terial was  transported  by  shore  ice  and  wave  action  to  the  present 
position  of  the  deposits,  at  a  time  when  the  winters  need  not  have 
been  colder  than  at  present.  The  pebble  laden  ice  would  nat- 
urally get  piled  up  by  the  action  of  the  winter  waves  (as  at  the 
present  day)  at  the  more  confined  end  of  the  lake,  and  eventually 
the  ice  would  deposit  its  load  to  form  beaches.  The  bays  at  the 
end  of  the  lake  are  now  frozen  over  in  winter,  while  the  lake  has 
often  no  more  than  ice-fringes.  As  the  streams  now  entering  the 
lake  all  do  so  through  marshes,  there  would  not  be  the  slightest 
power  from  them  to  act  against  the  waves  to  produce  the  present 
beach  separating  Burlington  bay  from  the  lake.  Moreover,  the 
action  which  built  up  Burlington  heights  moved  from  the  open 
lake,  as  shown  by  the  inclined  bedding  of  the  deposits. 


OCCURRBMCB    OF    GrAPTOLITES    IN    THE     NiAOABA   FORMATION   OF 

Canada.     By  J.  W.   Spencer,  King's  College,  Windsor, 
N.  S.i 

[abstract.] 

The  plant-like  forms,  that  are  included  in  the  Graptolite  family, 
have  hitherto  been  regarded  as  essentially  belonging  to  the  Cam- 
brian and  Cambro-Silurian  ages.  They  are  generally  preserved 
in  the  more  muddy  deposits  of  these  eras.  However,  there  has 
been  discovered  a  Canadian  locality  in  the  Niagara  formation, 
containing  a  graptolitic  'fauna,  almost  as  large  and  variable  as 
that  of  the  Quebec  group. 

In  the  PalflBontology  of  New  York,  Professor  Ilall  described 
two  species  of  Graptolites  from  the  Clinton  shales  and  three  spe- 
cies from  those  of  tbe  Niagara  formation.  Subsequently,  Pro- 
fessors Hall  and  Whitfield  described  one  other  species  found  in 

>  Sioee  tbo  above  paper  was  read,  the  author's  address  is  changed  to  State  UniTersity, 
Oohaabia,  H o. 
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Ohio,  and  Principal  Dawson  another  occurring  in  Nova  Scotia. 
The  rich  graptolitic  fauna  of  the  Niagara  formation  was  disco v« 
ered  by  the  careful  and  continued  search  of  Col.  Charles  Coote 
Grant  (H.  P.  Sixteenth  Regiment)  at  Hamilton,  Ontario.  From 
the  material  obtained  at  that  city,  principally  by  Col.  Grant,  I 
have  been  enabled  to  study  out  twenty-nine  new  species,  in  addi- 
tion to  those  previously  known,  the  whole  fauna  representing 
twelve  genera,  which  lived  in  the  Niagara  and  Clinton  seas.  Sev- 
eral other  species  doubtless  exist,  but  their  remains  are  in  too 
fragmentary  a  condition  for  determination. 

The  graptolites  at  Hamilton  occur  mostly  in  nearly  non-bitumin- 
ous limestones,  whose  structure,  under  the  microscope  is  seen  to 
consist  of  recrystallizcd  grains  of  dolomite.  However,  some  of  the 
best  preserved  specimens  are  obtained  from  the  more  shaly  lime- 
stones. Owing  to  the  condition  of  preservation,  although  the  ex- 
ternal forms  are  often  perfect,  and  the  chitinous  substance  in 
excellent  condition,  yet  the  cellular  structure  is  exhibited  in  only 
occasional  specimens.  It  sometimes  happens  that  the  impressions 
of  the  cellular  orifices  are  well  shown  on  the  surface  of  the  stone 
where  the  carbonaceous  matter  has  been  removed.  In  the  study 
of  these  forms  it  has  frequently  been  necessary  to  depend  upon 
the  relative  sizes  and  modes  of  branching  in  order  to  determine 
the  species.  In  many  cases  the  solid  axes  of  the  stipes  are 
shown  to  be  lateral  while  in  others  they  are  central  —  a  most  im- 
portant character. 

The  geological  distribution  is  given  by  Professor  Hall  as  fol- 
lows :  one  species  from  the  Potsdam  group  ;  fift3^-three  species,  of 
twelve  genera,  from  the  Quebec  group ;  four,  from  the  Trenton ; 
thirty,  of  eight  genera,  from  the  Utica  and  Hudson  groups ;  two, 
from  the  Clinton ;  three,  from  the  Niagara;  one,  from  the  Cornif- 
erous ;  and  one,  from  the  Hamilton  group. 

In  the  Canadian  Naturalist  for  1878,  I  described  nine  new  spe- 
cies and  three  new  genera.  Of  these  genera,  Calf/ptograjytiis 
closely  resembles  Dictyonema^  with  few  or  no  cross-bars,  but  with 
branches  overlapping.  I  have  seen  one  species  from  the  Niagara 
group  of  Kentucky  (locally  included  in  Dictyonema)^  and  one 
from  the  Hudson  group  near  Cincinnati,  which  evidently  belonged 
to  this  genus.  Another  new  genus  then  described:  .was  Acantho- 
graptus^  nearly  related  to  Inocaulls,  and  the  third  was  RhizO' 
graptusj  a  cyathiform  frond  with  slender  axis  and  large  bulbous 
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root.  A  fourth  genus  I  have  recently  called  Cyclograptus,  which 
consists  of  a  small  circular  frond,  composed  of  a  central  disk  and 
numerous  short  celluliferous  stipes.  (Types  of  the  new  genera 
were  here  e^hibiteil). 

The  specific  arrangement  of  the  Niagara  graptolites  in  genera 
is  as  follows : 


Phyllogi-aptus, 

.    one  species 

Retiolites, 

■ 

Dendrograptus, 

.    six        '* 

Callograptus, 

.    four      " 

Rhizograptus, 

.     two        " 

Acanthograptus,    . 

.     two       " 

Inocaulis, 

.     seven    " 

Thamnograptus,    . 

.     two        " 

Ptilograptus, 

.    one        " 

Cyclograptus, 

• 

besides  one  species  of  Dictyonenia,  and  one  of  Inocaulis  not  found 
at  Hamilton. 

The  study  of  these  organisms  is  completed  as  far  as  possible  up 
to  the  present  time,  and  in  the  course  of  a  few  months  I  hope  to 
have  it  published  in  Part  3  (Palceontology)  of  the  "  Geology  of  the 
Begion  about  the  Western  End  of  Lake  Ontario." 


A   Ma8toi>on    Ahbricanus  in  a  Beaver  Meadow.    By  Samuel 
LocKwooD,  of  Freehold,  N.  J. 

[ABSTRACT.^ 

Professor  Lockwood,  in  his  paper,  gave  the  particulars  of  his 
discovery  and  exhumation  of  the  remains  of  a  mastodon  in  a  peat 
meadow  about  two  miles  west  of  Freehold,  N.  J.  He  had  previous- 
ly discovered  in  a  peat-bog  near  the  same  village  a  fossil  beaver- 

1  Pabllahed  in  ftall  in  the  Montreal  Herald,  Aug.  25,  1883.  Also  in  the  Popular 
Science  MonUil7»  January,  1088. 
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dam,  which  enabled  him  to  detect  some  resemblances,  and  thus  to 
suspect  that  this  mastodon  had  been  actually  buried  by  beavers. 
This  suspicion  became  an  induction  wan-anted  by  the  facts  which 
the  digging  disclosed,  for  fragments  of  beaver  sticks- were  found 
lying  across  tlie  neck  of  the  skeleton,  which  lay  on  its  right  side, 
the  tusks  being  deflected  under  the  neck.  The  remains  lay  on  the 
'^hard  pan"  beneath  the  peat.  It  was  shown  that  the  monster  died 
on  the  right  bank  of  the  ancient  stream,  that  the  beavers  after- 
ward dammed  it  and  the  pond  covered  tlie  skeleton.  In  due  time 
the  pond  was  abandoned  and  the  dam  wall,  as  it  sunk  down  by 
decay,  drained  the  pond.  As  its  area  decreased,  the  area  of 
swamp  increased,  and  a  growth  of  sphagnum  peat  buried  the  bones. 
The  drainage  finally  became  such  that  a  meadow  resulted. 

The  writer  mentioned  three  instances  of  his  finding  in  Monmouth 
County  mastodon  relics  on  the  coast.  Twice  at  long  intervals 
were  teeth  obtained  out  at  sea  from  Long  Branch.  In  the  other 
instance  a  part  of  a  tusk  and  other  bones  were  got  from  an  ancient 
buried  swamp  about  fifteen  miles  south  of  Long  Branch,  which 
swamp  was  uncovered  by  a  severe  storm   from  the  sea. 

The  points  made  in  the  paper  were  :  (1)  The  presentation  for 
the  first  time  of  the  evidence  of  the  mastodon  for  the  subsiding  of 
a  part  of  the  eastern  coast-line  of  the  United  Stales.  (2)  The 
long  life  range  of  the  mastodon.  Beginning  with  the  Pliocene, 
it  was  shown  that  the  individual  in  question  was  living  at  a  period 
well  up  into  very  I'ecent  geologic  time.  (3)  The  mastodon  came 
in  with  the  great  extinct  fossil  beaver,  which  it  outlived,  and  be- 
came contemporary  with  the  modern  beaver.  (4)  The  mastodon 
lived  to  be  contemporary  with  the  American  autochthonic  man, 
and,  probably  as  a  food  supply,  before  him  this  Behemoth  melted 
away. 

Dr.  Lockwood  said  that  the  tusks  which  were  uncovered  in 
perfection  must  have  contained  400  pounds  of  ivory,  but  these 
and  the  bones,  excepting  four  teeth,  literally  crumbled  away  on 
reaching  the  air,  to  his  inexpressible  grief. 
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Currents  of  Air  and  Ocean  in  connection  with  Climates, 
Regions  of  Summer  Rains  and  Summer  Droughts.  By  J. 
Beaufort  Hurlbert,  of  Ottawa,  Canada. 

[ABSTRACT.] 

The  prevailing  winds  in  the  north  temperate  zone  are  from 
southwest  towards  the  northeast.  This  great  current  of  air  may 
be  said  to  be  constant  north  of  latitude  85°.  In  the  upper  region 
of  the  air  it  blows  nearly  every  day  in  the  j^ear  from  some  point 
near  the  southwest  towards  the  northeast.  With  a  constant 
movement  of  the  air  in  high  altitudes  from  the  southwest  there 
must  be  a  return  current  from  the  north  towards  the  southwest,  as 
there  are  counter  currents  in  the  ocean ;  but  these  polar  winds 
near  the  surface  of  the  earth  blow  from  all  the  colder  points  of  the 
compass. 

The  warm  currents  of  air  and  water  falling  upon  western  coasts, 
and  aerial  cun-ents  passing  over  the  continents,  elevate  the  tem- 
peratures of  the*  western  parts  of  the  continents,  while  the  cold 
currents  pressing  upon  eastern  shores  lower  the  temperatures 
there. 

The  mean  temperature  of  the  Gulf  stream  in  the  Gulf  of  Mexico 
is  80^  Fahrenheit ;  its  maximum  temperature  is  86^,  or  9°  above 
the  ocean  temperature  due  the  latitude.  Increasing  its  latitude 
10^,  it  loses  two  degrees  of  heat,  and  after  running  3,000  miles 
towards  the  north  still  preserves  the  temperature  of  summer. 
With  this  temperature  it  crosses  the  fortieth  degree  of  north  lati- 
tude, and  spreading  out  for  thousands  of  square  leagues  over  the 
cold  waters  of  the  ocean,  does  much  to  mitigate  the  rigors  of  winter 
in  Europe.  When  it  strikes  the  British  islands  it  divides  into 
two  parts,  the  main  current  going  to  the  Polar  sea,  the  other  en- 
tering the  Bay  of  Biscay. 

It  has  been  estimated  that  the  quantit}*  of  heat  discharged  over 
the  Atlantic,  from  the  waters  of  the  Gulf  stream  in  winter,  would 
be  sufficient  to  raise  the  whole  column  of  atmosphere  which  rests 
U|K>n  France  and  the  British  islands  from  the  freezing  point  to 
summer  heat.  Every  western  wind  which  blows  (and  the  pre- 
vailing winds  are  from  the  west  or  from  some  point  near  the  west 
or  southwest  in  this  part  of  the  ocean)  crosses  the  Gulf  stream 
and  carries  with  it  a  portion  of  its  heat,  discharging  it  in  its  pas- 
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sage  over  Europe.  The  isothermal  lines  of  60°  and  55°,  starting 
from  the  parallel  of  40°  on  tlic  American  coast,  run  in  a  north- 
easterly direction,  retaining  nearly  the  same  oceanic  temperature 
on  the  European  side  in  latitude  55°  and  60°  as  exists  on  the 
American  coast  in  latitude  40°. 

In  the  Paciflc  there  are  tropic  and  arctic  currents  like  those  in 
the  Atlantic,  and  from  similar  causes.  Tlie  Japan  stream,  or 
Kuro-Siwo  —  black  stream  —  a  name  derived  from  the  deep  blue 
color  of  its  waters,  flows  from  the  southeast  of  Asia  in  a  north- 
easterly direction,  falling  upon  the  western  coast  of  North  Amer- 
ica. This  stream,  flowing  many  thousand  miles  further  than  the 
Atlantic  tropic  current,  is  not  so  hot  nor  its  littoral  waters  so 
cold  as  those  in  the  Atlantic,  but  it  spreads  over  the  entire  Pacific 
coast  of  Canada.  These  two  currents  in  the  Pacific  —  the  arctic 
and  tropical  —  produce  similar  effects  to  those  in  the  Atlantic; 
the  one  warming  the  western  coast  of  North  America,  in  high 
latitudes,  and  the  other  cooling  the  eastern  shores  of  Asia. 

Through  the  agency  of  these  two  currents  in  the  Atlantic,  the 
western  countries  of  Europe  are  much  warmer  'than  the  eastern 
parts  of  America  in  similar  latitudes  ;  the  diflerence  being  about 
eight  degrees  in  latitude  41°;  eleven  and  a  half  in  latitude  51°; 
and  twenty-five  in  latitude  58°.  Similar  causes  in  operation  in 
the  Pacific  ocean  give  an  equal  elevation  of  the  temperature  of  the 
western  coasts  of  America  over  the  eastern  coasts  of  Asia  in  the 
same  latitudes  —  the  arctic  currents  chilling  the  one  and  the  tropi- 
cal currents  warming  the  other. 

From  Vancouver  in  latitude  49°  to  Sitka  in  57°,  the  summer  tem- 
peratures are  as  high  and  as  uniform  as  in  the  west  of  Europe, 
except  where  the  vicinity  of  mountains  may  modify  the  normal 
conditions  of  climate.  Sir  John  Richardson  says  '^  the  climate  of 
Sitka"  (on  the  Pacific  coast)  "  is  much  warmer  than  that,  of  Eu- 
rope in  the  same  parallel"  (Arc.  Ex.,  Vol.  11,  p.  279). 

The  isothermal  of  60°  for  the  three  summer  months  rises  as  high 
as  latitude  63°  east  of  the  Rocky  mountains  in  the  valley  of  Mac- 
kenzie river.  Youkon,  west  of  Mackenzie  river  and  within  the 
Arctic  circle,  latitude  67°,  has  a  July  65°  7',  and  an  August  of 

60°. 

In  comparing  the  well  known  regions  of  the  old  world  with  the 
less  known  corresponding  parts  of  the  new,  western  coasts  with 
western,  eastern  with  eastern,  and  interior  divisions  with  interior, 
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we  find  a  remarkable  similarity  in  the  climates  of  the  two  conti- 
nents. Canton,  in  China,  latitude  23^,  has  a  summer  temperature 
of  82**,  and  Key  West,  in  Florida,  latitude  24°,  32',  a  summer  of 
82®.  Pekin,  latitude  40"*,  has  a  summer  of  76,°  which  is  only  two 
or  three  degrees  above  that  of  Philadelphia  of  the  same  latitude. 
Mangas-aka,  Japan,  and  Charleston,  South  Carolina,  in  the  same 
latitudes,  have  summers  of  80°.  London,  in  the  west  of  Europe, 
and  Vancouver,  in  the  west  of  North  America,  in  similar  lati- 
tacles,  have  the  same  mean  summer  temperatures,  about  61^°; 
Sitka,  in  latitude  57°,  Sir  John  Richardson  says,  has  a  climate 
much  warmer  than  Europe  in  the  same  latitude. 

The  climates  of  the  interior  are  warmer  in  summer  and  colder 
in  winter  than  those  on  eastern  and  western  coasts,  but  are  some- 
what similar  on  both  continents,  being,  however,  warmer  on  the 
Bed,  Saskatchewan,  and  Mackenzie  rivers,  than  in  the  same  par- 
allels on  the  eastern  continent.  The  isothermal  of  65°,  for  the 
three  summer  months,  crosses  the  Red  river  in  latitude  50°,  and 
rises  on  the  Mackenzie  to  latitude  60°. 

The  summer  rains,  too,  throughout  Canada,  are  similar  to  those 
in  Europe  in  the  same  latitudes  from  the  Mediterranean  to  the 
Arctic,  being  somewhat  uniform  during  the  agricultural  months, 
but  more  copious  in  Canada. 

South  of  the  boundary  between  Canada  and  the  United  States, 
west  of  the  Mississippi,  are  the  areas  of  summer  droughts  —  a 
rainless,  treeless  region,  similar  in  position  on  this  continent,  and 
)o  the  character  of  the  country  to  the  desert  areas  of  the  old 
world  —  the  one  beginning  on  the  western  coasts  of  Mexico  and 
California,  and  extending  to  British  America  on  the  north,  and 
over  half  the  continent  eastward  ;  the  other  beginning  on  the 
western  coast  of  Africa  near  the  same  latitude  as  the  American 
desert,  and  extending  northeastward  or  east  by  north  over  Africa, 
Palestine,  Independent  Tartary  and  Manshire  Tartary,  nine  thou- 
sand miles  in  the  direction  of  the  prevailing  winds. 

That  portion  of  the  North  American  continent  extending  from 
the  Atlantic  westward  more  than  2,000  miles  in  the  latitude  of 
Canada,  and  from  the  Gulf  of  Mexico  for  1,500  miles  northward, 
is  covered  with  a  mixed  forest  of  coniferse  and  deciduous  trees, 
which  is  unparalleled  in  extent,  and  in  the  variety  and  value  of  its 
woods. 

These  forests,  bo  beautiful  and  grand  in  their  primitive  state, 
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liave  a  value  quite  independent  of  their  money  worth.  They 
have  a  most  powerful  and  favorable  influence  upon  the  climates  of 
the  country',  check  evaporation,  and  keep  the  water  longer  in  the 
soil,  tlius  supplying  the  roots  of  plants,  feeding  the  springs  and 
streams,  etc. 

West  of  this  vast  forest,  south  of  the  parallel  of  48**  or  49**,  is 
the  treeless  region.  The  Mississippi  may  be  taken  as  near  the 
boundary'  of  these  two  zones  marked  with  such  different  features, 
the  forest  in  many  places  not  reaching  that  river,  in  others  ex- 
tending beyond  it,  and  again  reappearing  on  the  Pacific  coast. 
East  of  the  Mississippi  trees  appear  first  along  the  water-courses 
and  on  soils  retentive  of  moisture,  being  still  absent  on  the  up- 
lands and  sandy  plains.  To  the  north  this  immense  treeless  re- 
gion runs,  in  the  country  of  the  Upper  Missouri  (longitude  110* 
west),  north  of  latitude  dO'^.  Throughout  these  immense  areas 
there  is  cither  a  total  absence  of  rain  in  summer,  as  in  the  desert 
parts,  or  an  insufiScienc}'',  as  on  the  prairies.  The  grasses  which 
cover  parts  of  these  dry  up  in  summer,  bu^  their  roots,  forming  a 
deep  matted  sod,  have  vitality  enough  to  put  forth  fresh  shoots 
under  the  rains  of  spring  and  autumn  ;  trees,  however,  which  are 
withered  up  by  the  droughts  and  arid  winds  of  summer,  have  no 
such  vitality. 

Vast  portions  of  America,  Africa,  Asia  and  Australia,  are  des- 
titute of  trees,  while  other  equally  extensive  regions  are  covered 
with  forests.  These  treeless  zones  lie  in  similar  positions  on  the 
continents,  beginning  near  the  same  latitudes  on  the  western 
coasts  and  running  northeastward  in  the  northcin  hemisphere, 
and  southeastward  in  the  southern,  in  the  direction  of  the  pre- 
vailing winds. 

In  the  Old  World  (for  Europe,  Asia  and  Africa  must,  on  the 
question  of  climates,  be  taken  as  one  body  of  land)  these  treeless 
and  mainl}'  desert  regions  begin  on  the  west  coast  of  Africa,  north 
of  the  twentieth  parallel,  and  run  northeastward  or  east  by  north, 
9,000  miles  over  Africa,  Palestine,  northern  Arabia,  and  Inde- 
pendent Tartary  to  latitude  50®  in  Mongolia,  ending  in  the  great 
desert  of  Gobi  or  Manshire  Tartary. 

In  North  America  we  have  a  similar  desert-treeless  region,  be- 
ginning in  old  and  new  California  and  on  the  coasts  of  Mexico 
(in  the  same  latitudes  as  the  African  desert),  and  extending  to 
the  Mississippi  and  beyond  it,  on  the  east,  and  to  British  Amenea 
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on  the  north.  The  winds  over  these  desert  areas  on  both  conti- 
nents blow  almost  invariably  in  sumroer  from  some  point  near  the 
southwest  towards  the  northeast.  These  portions  of  the  continents 
are  destitute  mainly  of  summer  rains,  but  have  high  summer  tem- 
peratures. U{K)n  the  modifications  caused  in  these  desert  areas 
by  the  high  lands  of  Mexico  and  the  vast  Mediterranean  sea  we 
cannot  liere  enter,  but  may  merely  state  tiiat  the  mountains  of 
Mexico  limit  the  deserts  there,  and  that  great  sea  north  of  Africa 
caases  a  more  humid  air  in  the  south  of  Europe  and  limits  the 
deserts  in  that  direction ;  yet  Spain,  Italy,  Sicily,  and  the  whole 
country  northeastward  into  Hungary,  frequently  suffer  from  sum- 
mer droughts. 

The  reason,  as  a  permanent  cause,  often  assigned  for  these  por- 
tions of  the  continent  being  destitute  of  trees — namely,  the  prairie 
fires  —  cannot  for  a  moment  bear  investigation. 

Fires  were  naturally  suggested  to  the  first  rude  settlers,  to 
whom  the  evidence  of  sight  is  the  chief  guide,  as  the  only  cause. 
In  many  parts  of  the  African,  Asiatic  and  American  deserts  and 
prairies  there  are  no  fires,  still  they  are  treeless.  In  other  coun- 
tries, fires  are  as  frequent  where  forests  are  permanent,  or,  if 
burned  down,  young  trees  immediately  grow  up  again.  The  ex- 
istence of  forests  over  a  region  2,000  miles  by  1,000,  and  their 
failure  wliere^  and  only  where,  the  summer  rains  fail  and  the  arid 
winds  prevail,  ought  to  have  suggested  the  explanation. 

That  the  prairie  fires  sweeping  over  extended  areas  may  have 
kept  trees  from  some  localities,  near  rivers  or  on  retentive  soils,  is 
possible ;  but  such  exceptions,  limited  and  local,  have  no  weight 
in  opposition  to  the  fact  that  millions  of  square  miles  have  re- 
mained, ttirough  all  the  ages  of  history,  desert  and  treeless  on  the 
borders  of  other  equally  extensive  areas  covered  with  dense  for- 
ests. The  climates  which  have  produced  these  two  distinct  re- 
sults over  those  regions  have  remained  permanent  for  ages,  and 
will  remain  permanent  in  the  future,  unless  changes  supervene  in 
the  entire  solar  S3'stem  ;  but  for  the  calculation  of  such  imaginary 
phenomena  astronomy  furnishes  no  data.  Wc  may  infer,  there** 
fore,  that  those  conditions  of  climate  —  heat  and  humidit^'^  in  the 
one  case,  and  heat  and  aridity  in  the  otlier  —  remaining  the  same, 
their  efiTects — forests  and  treeless  regions  —  will  be  permanent 
expressions  of  those  fixed  eflScient  causes. 

The  attempts  to  account  for  the  deserts  of  the  Old  and  New 
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World  by  the  physical  coDfiguration  of  the  continents,  have  led  to 
many  ingenious  theories.  The  chief  of  these  is  the  assumption 
that  mountain  chains  to  the  west  of  those  rainless  regions  con- 
dense the  vapor  brought  in  the  southwest  winds,  causing  heavy 
rains  on  the  western  sides  of  the  mountains,  but  leaving  the 
winds  without  vapor  east  of  these  mountain  chains.  The  phe- 
nomena of  rain  on  the  west,  but  none  on  the  east  of  the  Ghauts 
in  Hindostan  and  other  places,  have  been  taken  as  sufficient  bases 
for  this  theory. 

That  those  regions  having  no  summer  rains  are  on  similar  paHs 
of  the  continents  north  and  south  of  the  equator,  both  in  tbc 
eastern  and  western  hemispheres,  beginning  on  western  coasts  at 
about  the  same  latitudes ;  that  there  are  no  mountains  west  of 
the  Desert  of  Sahara,  and  the  rainless  regions  in  Australia ;  that 
the  entire  coasts  of  Mexico,  old  and  new  California,  west  of  the 
mountains,  are  quite  as  destitute  of  rain  in  summer  as  the  regions 
east ;  that  those  west  winds  give  heavy  falls  of  rain  to  the  nortli 
and  northeast  throughout  Canada,  and  in  autumn,  winter,  and 
early  spring,  deposit  heavy  rain  and  snow  on  those  interior  desert 
areas  east  of  the  Rocky  mountains,  over  which  they  are  said  to 
pass  in  summer,  devoid  of  vapor, —  these  and  other  facts  ought  to 
have  corrected  the  erroneous  opinions  on  this  subject. 

That  the  great  southwest  currents  of  air  —  the  tropical  currents 
— bring  the  vapor  which  falls  in  rain  and  snow,  is  here  assumed  as 
admitted,  for  it  is  the  basis  of  the  theory  wliich  we  are  contro- 
verting. 

Those  vast  wastes  are,  at  the  season  of  the  year  when  little  or 
no  rain  falls,  highly  heated  by  the  summer  suns.  The  southwest 
winds  passing  over  these  become  rarefie<l,  and  thus,  being  capable 
of  sustaining  even  more  vapor  than  at  a  lower  temperature,  retain 
the  humidity  with  which  they  have  come  from  the  tropics  so 
heavily  charged,  till  they  reach  the  cooler  regions,  north  and 
northeast,  where  they  are  condensed  into  rain  or  snow.  Hence  in 
summer  the  line  dividing  the  zones  of  rain  from  those  of  drought 
is  farther  to  the  northeast ;  as  autumn  and  winter  approach,  those 
highly  heated  plains  gradually  cool  sufficiently  to  condense  the 
vapors  in  the  southwest  winds,  which  now  give  heavy  depositions 
of  rain  and  snow. 
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A  Source  of  the  Bituhinous  Matter  of  the  Black  Shales  of 
Ohio.     By  Edward  Orton,  of  Columbus,  Ohio. 

Tub  great  black  shale  of  Ohio,  that  extends  from  the  Huron 
river  on  the  shore  of  Lake  Erie,  to  the  mouth  of  the  Scioto  river 
in  the  Ohio  valle}'',  with  an  outcrop  varying  from  ten  to  twenty 
miles  in  brea<lth,  I  have  already  shown  to  be  a  composite  stratum. 
In  this  determination,  I  have  followed  Newberry,  who  showed  in 
his  refjorts  tipon  the  geology  of  northern  Ohio  that  the  two  black 
shales  of  Cuyahoga  county,  for  example,  the  lower  or  Huron  of 
his  nomenclature,  and  the  upper  or  Cleveland^  which  arc  there 
separatetl  by  a  wedge  of  greenish  blue,  Erie  shale,  when  followed 
to  the  westward,  coalesce,  through  the  failure  of  the  intervening 
meuilwr.  In  his  view,  the  Cleveland  shale  comes  down  by  overlap 
upon  the  Huron,  so  that  the  black  shale  of  Huron  county  consists 
of  the  blended  products  of  the  two  or  three  formations  already 
nanie<l.  Tliis  stratum  I  have  followed  not  only  with  no  hint  of 
inleiTuptioii  or  division,  but  with  manifold  proofs  of  unbroken 
continuity',  across  the  state.  The  name  and  geological  place  of 
tlie  stratum,  as  assigned  in  the  volumes  of  the  last  geological  survey 
of  tlie  state,  will  both  require  modification  according  to  this  view. 
It  can  no  longer  be  called  the  Huron  shale,  for  this  element 
constitutes  only  its  lower  jwrtion.  The  boundary  between  Carbon- 
ifeixMis  and  Devonian  time  can  no  longer  be  drawn  at  the  line  of 
junction  of  the  Eric  and  Cleveland  shales,  for  that  line  has  disap- 
peaitKl,  and  the  Cleveland  shale  is  only  the  upper  portion  of  350 
feet  of  black  shales  through  which  thus  far  no  planes  of  division 
have  been  established. 

As  to  the  first  point,  I  know  no  better  name  for  the  present, 
tluui  the  old  one,  viz. :  the  Ohio  Black  Shale.  Professor  Shaler, 
in  his  reports,  upon  the  geology  of  Kentucky'  has  reverted  to  this 
designation. 

As  to  the  place  of  the  stratum  in  the  geological  column,  I 
believe  that  it  will  be  found  necessary  to  refer  it  all  to  one  age, 
viz.,  to  the  Devonian.  The  greater  part  is  unquestionably  of  this 
age  and  for  the  balance,  the  fossils  are  too  few,  through  most  of 
the  state,  and  too  indecisive  in  character,  to  make  any  proper 
groand  for  establishing  so  important  a  division.  I  will,  therefore, 
designate  this  stratum  the  Ohio  Black  Shale  and  I  will,  provisionally 
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at  least,  refer  it  to  the  Devonian  age.  Its  approximate  area  I  have 
already  indicated,  a  belt  of  ten  to  twenty  miles  in  breadth,  extend- 
ing across  the  state  from  north  to  south  or  for  nearly  two  hundred 
miles.  Its  thickness  ranges  along  its  line  of  outcrop,  from  250  to 
350  feet. 

There  is  another  stratum  of  black  shale  in  the  Ohio  column,  of 
small  thickness  but  of  great  persistency  and  extent.  It  lies 
about  one  hundred  feet  above  the  summit  of  the  Ohio  shale.  It 
was  first  distinctly  recognized  and  described  by  the  late  Professor 
E.  B.  Andrews,  who  called  it  the  Waverly  Black  Shale.  In  southern 
Ohio,  its  boundaries  are  very  distinct  and  definite.  It  is  borne  b}*^ 
the  lower  Waverly  quarry  stone,  which  is  the  continuation  of  the 
Berea  Grit,  for  that  portion  of  the  state.  The  shale  comes  directly 
down  upon  the  quarry  stone.  Its  iipper  boundary  is  equally  abrupt. 
It  has  a  thickness  in  this  region  ranging  from  fifteen  to  thirty  feet. 
Throughout  central  Ohio,  the  same  description  will  appl}',  and  no 
change  is  needed  for  the  northern  portion  of  the  state  except  that 
the  shale  here  is  not  always  as  dark  in  color  as  elsewhere,  aud  its 
upper  boundary  is  not  distinct.  It  makes  the  roof  of  the  Berca 
quarries,  as  it  does  of  the  same  stratum  everywhere  to  the  south- 
ward. Meek  separated  it  b}'  implication  from  the  overlying 
Cuyahoga  shale  in  describing  the  fossils  that  it  contains,  giving  to 
it  the  name  of  Berea  Shale,  Newberry  describes  it  clearly  but 
does  not  separate  it  from  the  Cnj-ahoga  shale.  It  is  charged  with 
fossils,  several  of  which  seem  characteristic. 

These  three  beds  of  bituminous  shale,  viz.,  the  Huron  and 
Cleveland  of  Newberry  and  the  last-named,  the  Berea  shale,  have 
many  points  of  structure  and  history  in  common.  They  are  all 
marine  in  origin,  as  the  presence  of  their  fossils  attests.  They 
were  all  formed  in  quiet  waters  and  not  upon  shore  lines,  as  their 
fine  and  undisturbed  lamination  shows.  But  their  chief  point  of 
agreement  is  in  the  fact  that  is  implied  in  one  of  their  most  com- 
mon designations.  They  are  all  bituminous  shales.  According  to 
the  analyses  with  which  I  am  acquainted,  they  carry  from  eight  to 
twenty-two  per  cent  of  organic  matter.  It  is  this  that  giv^s  them 
their  color.  It  also  renders  them  combustible,  to  a  greater  or  less 
degree.  There  is  scarcely  a  summer  in  which  some  of  the  shale 
banks  of  southern  Ohio  do  not  take  fire  from  burning  brush  heaps 
and  the  like.  When  the  conditions  favor,  these  fires  may  continue 
for  weeks  or  months.     One  is  said  to  have  lasted  in  the  hills  of 
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Pike  coanty  for  more  than  two  years.     Some  of  the  beds  barn 
with  a  blaze. 

It  is  this  same  organic  matter,  obviously,  to  which  they  owe 
their  character  as  oil-producing  shales.  Oil  and  gas  springs  are 
constantly  associated  with  their  outcrops.  They  have  already 
been  turned  to  account  for  the  artificial  production  of  oil  in  Ohio 
and  it  is  scarcely  to  be  doubted  that  the  great  stock  of  carbon  ^ 
which  they  contain  will  at  some  time  be  utilized  by  man. 

This  organic  matter  has  been  referred  both  to  animal  and  vege- 
table sources  for  its  origin,  and  both  these  divisions  of  the  living 
workl  have  certainly  contributed  to  it,  for  the  remains  of  both  are 
found  in  the  shales,  but  the  two  factors  are  by  no  means  of  equal 
value. 

The  clearest  and  most  extended  statement  that  I  know  in  regard 
to  the  accumulation  of  the  bituminous  matter  of  these  shrjes  is 
tliat  made  by  Newberry  in  volume  I,  Geology  of  Ohio,  page  156. 
He  speaks  of  the  Huron  shale  particularly,  but  what  he  says  will 
apply  to  all  of  the  divisions  already  named.  I  quote  his  words : 
''  The  nature  of  the  sediments  which  form  the  Huron  shale,  the 
exceeding  fineuess  of  the  mineral  matter,  the  large  percentage  and 
uniform  dissemination  of  carbon,  the  peculiar  composition  of  this 
carbonaceous  element,  consisting  mainly  of  hydrocarlx>ns,  the  abun- 
dance of  marine  plants  and  the  absence  of  terrestrial  vegetation, 
all  combine  to  show  that  it  was  deposited  in  an  open  sea  and  not 
immediately  adjacent  to  the  land." 

'^Under  such  circumstances  we  are  compelled  to  attribute  the 
carbonaceoas  matter  to  marine  vegetation  or  to  marine  animals. 
If  it  were  derived  from  marine  animals,  such  as  we  know  have 
contnbate<1  largely  to  the  organic  constituents  of  some  rocks,  the 
bituminous  limestones  for  example,  we  should  find  much  more 
abundant  traces  of  their  structures  than  we  now  do,  since  they  are, 
in  fact,  almost  entirelj'  absent.  We  are,  therefore,  compelled  to 
consider  this  accumulation  of  bituminous  matter  as  the  result  of 
the  growl h  of  seaweeds  in  marine  basins." 

^^Most  marine  plants  with  which  we  are  acquainted  grow  upon  the 
shore  or  in  shallow  water,  and  we  can  hardly  imagine  so  large  an 
area  as  that  occupied  by  the  Huron  shale  covered  with  a  growth  of 
shallow-water  plants  without  its  bearing  evidence  in  some  locality 
of  shore  lines.  It  is  true,  however,  that  a  great  growth  of  aquatic 
vegetation  sometimes  takes  place  remote  from  the  land  and  where 
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the  plants  have  no  attachment  to  the  bottom.  Of  these  areas,  we 
liavc  a  t3'[>e  in  the  Sargasso  Sea,  through  which  Columbus  ploughed 
his  wa}-,  when  making  tlie  vo3'age  that  resulted  in  the  discovery 
of  America.  There,  as  in  other  similar  sheets  of  seaweed,  the 
vegetation  floats  upon  the  surface  of  the  water  and  maintains  a 
vigorons  and  luxuriant  growth  without  connection  with  shore  or 
bottom.  Corresponding  to  tliis  gix>wth  must  be  the  decomposition 
of  vegetable  tissue  on  a  large  scale.  The  products  of  such  decom- 
position would  fall  to  the  ocean  bottom  as  finely  comminuted 
carbonaceous  mud,  mingled  with  stems  and  fronds  detached  b}* 
violence  or  decay.  Under  all  such  sheets  of  vegetation,  in  a  sea 
where  a  fine  mechanical  sediment  is  being  de[x>sitei),  we  must 
necessarily  have  an  accumulation  of  mud,  containing  a  large  per- 
centage of  carbonaceous  matter ;  in  other  words,  the  elements  of  a 
bituminous  shale." 

* 'Waiting  the  demonstrative  solution  of  the  problem  which  pa- 
tient and  exhaustive  study  will  doubtless  sometime  furnish,  I  offer  as 
a  possible  explanation  of  the  peculiar  features  of  the  Huron  shale, 
the  suggestion  that  its  carbon  was  derived  from  vegetation  which 
lined  the  shores  and  covered  the  surface  of  a  quiet  and  almost 
land-suiTounded  sea.'* 

This  statement  is  expanded  almost  to  the  proportions  of  a  theory 
as  to  the  origin  of  the  black  shales.  In  sul>stance,  it  refers  the 
bituminous  matter  of  the  shales  to  marine  vegetation,  the  decom- 
position having  been  carried  to  such  a  point  as  to  destroy  almost 
all  traces  of  structure. 

A  similar  view  was  briefly  expressed  by  the  late  Professor 
Andrews,  in  the  Report  of  Progress  of  the  Ohio  Geological  Survey 
for  1869.  On  page  65,  he  says,  *'  the  conditions  under  which  this 
formation"  (viz.,  the  Ohio  Black  Shale)  **  was  deposited,  involved 
comparatively  quiet  waters,  charged  with  a  constant  supply  of  fine 
sediment  with  which  there  was  at  all  times  commingled  organic 
matter  which  alone  could  have  furnished  the  bitumen.  The  even 
distribution  of  the  bitumen  throughout  the  entire  mass  of  the 
sediments  would  imply  that  the  water  abounded  with  the  minute 
forms  of  vegetable  or  animal  life.  Thus  far,  search  for  their  forms 
has  been  unrewarded.  After  a  failure  by  inyself,  I  placed  samples 
of  the  slate  in  the  hands  of  Professor  Wormley,  whose  skill  in 
microscopic  researches  is  well  known  and  whose  instruments  are  of 
the  most  perfect  kind.     Thus  far  his  search  for  distinct  organisms 
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lias  been  unsaccessful.  It  is  reasonable  to  suppose  that  the 
organisms  contained  no  silica  nor  lime,  and  that  in  tbcir  decompo- 
sition and  bituminization,  all  organic  structure  was  destro3'ed." 

Within  the  last  year,  I  have  discovered  in  the  black  shales  of 
Ohio,  several  microscopic  forms  of  vegetation  which  are  found  in 
the  shales  in  vast  numbers  and  which  obviously  constitute  an 
important  -source,  and,  as  I  believe,  the  chief  source,  of  the  bitu- 
miuous  matter  that  characterizes  the  formations.  A  brief  account 
of  the  facts,  I  desire  to  present  at  this  time  to  the  Association. 

In  the  spring  of  1881,  I  had  some  correspondence  with  Mr.  J. 
A.  Flickinger,  ex-county  surveyor  of  Ashtabula  count}',  Ohio,  in 
regard  to  a  deep  well,  the  drilling  of  which  was  in  progress  under 
his  supervision,  near  the  village  of  Kingsville,  in  the  county  above 
named.  A  result  of  the  correspondence  was  that  Mr.  Flickinger 
kindly  furnished  to  me  the  drillings  that  he  had  saved  from 
different  depths  as  the  work  had  gone  forward.  Samples  were 
saved  every  day  or  two  and  always  when  any  change  was  reported 
in  the  materials  through  which  the  drill  was  passing.  Fifty  or 
more  specimens  were  furnished,  representing  a  range  of  between 
1200  and  1300  feet. 

The  record  that  they  gave  was  plain  to  read.  The  boring  began 
in  the  Erie  shale  of  Newberry  and  continued  in  it,  with  but  minor 
changes  of  composition  for  nearly  1000  feet,  where  the  greenish 
blue  layers  of  the  Erie  were  replaced  by  the  black  beds  of  the 
Huron.  On  examining  with  the  microscope  the  fragments  of  the 
latter  that  were  first  reached,  I  found  several  of  the  samples,  and 
notably  those  at  996,  1016  and  1094  feet  to  contain  minute  trans- 
lucent disks,  resinous  in  appearance  and  unmistakably  organic  in 
origin,  in  great  numbers.  Beyond  this  point,  I  made  no  progress 
for  a  number  of  months,  until  upon  a  microscopic  examination  of 
the  black  shale  from  Columbus,  accidentally  undertaken,  I  found 
it  also  charged  with  forms  similar  to  or  perhaps  identical  with 
those  already  recognized  from  the  buried  shale  of  northern  Ohio. 
I  then  made  examination  of  typical  representatives  of  the  several 
black  shales  already  named  throughout  the  state,  the  Huron  shale 
from  the  mouth  of  Huron  river,  the  Cleveland  shale  from  Cleveland 
and  other  points  in  the  vicinity,  the  Berea  shale  from  the  Ohio 
valley.  I  also  examined  the  outcrops  of  the  great  black  shale 
throughout  central  and  southern  Ohio,  taking  samples  from  every 
portion  of  the  series,  bottom,  middle  and  top.  The  resnlt  of  these 
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various  examinations  was  that  the  forms  already  recognized  or 
forms  of  the  same  generic  character,  together  with  a  number  of 
minute  but  very  interesting  vegetable  and  animal  fossils,  were 
found  distributed  in  vast  numbers,  sometimes  constituting  a  notable 
proportion  of  the  rock  itself,  throughout  the  entire  extent  of  the 
Cleveland-IIuron  shale  and  to  a  smaller  extent  through  the  Berea 
shale.  In  some  localities,  ever}'  fragment  of  the  shale  is  crowded 
with  the  fossils  ;  in  others,  the  products  of  their  decay  and  partial 
decomposition  are  found  readily  recognizable,  though  the  fossils 
themselves  may  be  comparativel}*  rare. 

I  will  describe  in  a  little  more  detail,  the  first  of  the  forms  to 
which  I  particularly  refer. 

They  are,  as  I  have  already  stated,  disJcs^  fairly  circular  in 
outline.  The}'  are  translucent  and  sometimes  quite  transparent. 
In  color,  they  are  prevailingl}'  amber-like,  but  they  exhibit  many 
shades  of  brown  and  j'bllow.  They  are  readily  separable  from  the 
rock  and  can  be  favorably  examined  by  transmitted  light.  In  size 
the}'  extend  through  quite  a  range.  The  smallest  that  I  have  found 
in  any  large  number,  come  from  the  very  base  of  the  Huron  shale 
in  northern  Ohio  and  are  about  j-J^  of  an  inch  in  long  diameter. 
Their  thickness  is  very  small  comparatively.  The  largest,  comiag 
from  near  the  middle  or  the  upper  half  of  the  Ohio  Black  Shale 
reach  ^j  of  an  inch  in  diameter.  Some,  indeed,  exceed  even  this 
measure  and  all  these  become  readily  visible  to  the  unaided  eye. 
Perhaps  the  most  common  form,  found  in  various  positions  in  the 
shale,  is  that  which  has  a  diameter  of  about  y^^j-  of  an  inch. 

The  di0erent  sizes  are  not,  as  a  rule,  found  in  the  same  beds. 
Each  bed  which  is  well  charged  with  them  will  contain  a  very  large 
preponderance  of  one  general  size  and  character.  I  believe  that 
the  facts  in  regard  to  them  will  warrant  specific  divisions  among 
the  forms,  and  further  I  see  some  reason  to  think  that  the  several 
forms  will  prove  to  some  extent  diagnostic  of  the  different  horizons 
of  the  shale. 

These  bodies  burn  freely,  leaving  the  pits  in  the  shale  from 
which  they  disappear  distinct  and  well  defined.  Though  resinous 
in  appearance,  they  are  not  soluble  in  alcohol,  ether  or  turpentine, 
or  other  ordinary  solvents.  They  also  disappear  when  the  shale 
containing  them  is  raised  to  a  red  heat.  A  few  exceptions  have 
been  noted  in  regard  to  one  of  the  rarer  forms. 

Their  surfaces  are  curiously  ridged  and  furrowed  as  is  shown  by 
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the  bodies  themselves  or  perhaps  £ven  more  strikingly  by  the  pits 
from  which  they  have  been  withdrawn.  Many  of  the  latter  show 
Impressions  and  reliefs  that  resemble  the  track  of  a  newly-shod 
horse. 

What  seems  to  be  a  suture  or  opening,  occupying  about  one-fourth 
of  the  circumference  is  a  common  feature,  and  a  pit  for  the  attach- 
ment of  a  stem  can  be  recognized  in  very  many.  In  a  few,  rare 
instances,  the  stem  itself  is  found  with  the  disks  attached? 

These  constitute  the  general  and  non-professional  'statements 
that  it  seems  necessary  to  make.  I  submit  a  few  drawings  of  the 
forms  in  question,  made  by  one  of  my  assistants,  for  the  accuracy 
of  which  I  can  vouch.  Better  still  than  drawings,  however  faithful, 
are  the  objects  themselves.  I  have  a  number  of  pieces  of  the  shale 
whicli  I  shall  be  glad  to  distribute  to  any  who  care  to  examine  them. 

What  are  these  forms  and  from  what  sources  are  they  derived? 
A  botanist  must  answer  these  questions  when  they  are  fully 
answered,  as  I  believe.  My  own  interpretation  was  substantially 
determined  by  the  appearance  that  microscopic  sections  of  the 
shale  present,  viz.,  yellow  translucent  circles,  in  sections  parallel 
to  the  bedding,  and  elongated  bars  or  much  flattened  hoops  when 
cut  transversel}'.  These  facts  correspond  so  closely  with  the 
description  of  sporc-ciises  in  coals  as  given  by  Williamson  and 
Huxley  that  I  at  first  believed  the  forms  to  be  lycopodiaceous  spo- 
rangia. The}'  did  not,  however,  show  the  trigonal  form  that  belongs 
to  the  spore-cases  of  most  lycopods  and  certain  facts  that  I  after- 
wai'ds  discovered  seemed  to  militate  against  this  view.  That  they 
are  either  sporangia  or  spores,  there  seems  no  reason  to  doubt,  but 
the  facts  so  far  accumulated  would  seem  to  indicate  groups  some- 
what below  lycopods  in  rank  as  their  sources.  Upon  this  point,  I 
am  not  entitled  to  an  independent  judgment.  Hoping  that  this 
interesting  material  may  be  taken  up  by  a  competent  investigator, 
I  await  results. 

I  liave  spoken  all  along  as  if  I  were  the  original  discoverer  of 
these  fossils  of  the  shale.  In  the  sense  that  I  reached  the  facts 
without  suggestion  or  aid  from  other  sources,  the  discovery  is  my 
own,  but  when  I  came  to  correspond  with  our  authorities  on  paleo- 
botany, 1  learned  from  Dr.  Dawson,  and  with  very  great  satisfac- 
tion, that  be  had  already  had  his  eye  upon  these  forms,  that  he 
had  not  only  recognized  but  had  flg<ured  and  described,  ten  3'earB 
ago,  one  of  the  most  abundant  of  them.  In  an  article  entitled 
^^ Spore  Cases  in  Coals"  in  the  April  number  of  the  American 
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Jounial  of  Science  for  1871,  the  distinguished  author  figures  and 
briefly  describes  a  form  tliat  seems,  from  specimens  which  he  has 
kindly  furnished  to  me,  identical  witli  the  one  which  I  at  fii-st 
recognized,  that  came  from  1000  feet  below  the  surface  in  northein 
Ohio.     This  account  is  brief  and  I  will  give  it  entire. 

"  The  oldest  bed  of  spore-cases  known  to  me  is  that  at  Kettle 
Point,  Lake  Huron.  It  is  a  bed  of  brown,  bituminous  shale, 
burning  witli  much  flame  and  under  a  lens  is  seen  to  be  studded 
with  flattened  disk-like  bodies,  scarcely  more  than  a  hundredth  of 
an  inch  in  diameter,  which  under  the  microscope  are  found  to  he 
spore-cases,  slightly  papillate  externally,  and  with  a  point  of 
attachment  on  one  side  and  a  slit  more  or  less  elongated  and  gaping 
on  the  other.  I  have  proposed  for  these  bodies  the  name  Sporan- 
gites  Huronensis.  When  tliin  slices  of  the  rock  are  made,  its  sub- 
stance is  seen  to  be  filled  with  these  bodies  which,  viewed  as 
transparent  objects,  appear  yellow  like  amber  and  show  little  struct- 
ure except  that  the  walls  can  in  some  instances  be  distinguished 
fix>m  the  internal  cavity  and  the  latter  may  be  seen  to  inclose  patches 
of  flocculent  or  granular  matter.  In  the  shale  containing  them,  there 
are  also  vast  numbers  of  rounded,  translucent  granules  which  may 
be  the  escaped  spores." 

'^The  bed  at  Kettle  Point  is  stated  in  the  report  of  the  Geological 
Survey  to  be  twelve  to  fourteen  feet  in  thickness,  but  to  what 
degree  either  in  its  thickness  or  horizontal  extent,  it  retains  the 
characters  above  described,  I  do  not  know.  It  belongs  to  the 
Upper  Devonian,  being  supposed  to  be  a  representative  of  the 
Genesee  Miales  of  New  York.  It  contains  stems  of  CcUanUtes 
inomattis^  and  of  a  Lepidodendron,  obscurely  preserved,  but  appar- 
ently of  the  type  of  L.  Veltheimianum  and  possibly  the  same  with 
L.primcevum  of  Rogers.  The  spore-cases  are  not  improbably  those 
of  this  plant,  of  the  s[)ecies  of  L,  gasptanun  which  belongs  to  the 
same  horizon  though  not  found  at  this  localit}'.  The  occurrence  of 
this  bed  is  a  remarkable  evidence  of  the  abundance  of  l3*copodia- 
ceous  trees,  whose  spores  must  have  drifted  in  immense  quantities 
in  the  winds  to  form  such  a  bed.  It  is  to  be  observed,  however, 
that  this  is  not  a  bed  of  coal,  but  a  bituminous  shale  of  brown 
color,  and  with  pale  streak,  no  doubt  accumulated  in  water  and 
even  marine,  since  it  contains  Spirophyton  and  shells  of  Lingula. 
In  this  it  agrees  with  the  Australian  Tasmanite  which,  though 
composed,  in  great  part,  of  spore-cases  of  ferns  is,  as  I  am  informed 
by  Mr.  Selwyn,  an  aqueous  deposit,  containing  marine  shells." 
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A  number  of  other  organic  forms  are  associated  with  the  spores 
in  the  black  shales.  In  fact  a  flora  and  a  fanna  of  considerable 
interest  are  coming  to  light  in  these  hitherto  neglected  strata. 
They  have  long  been  known  to  contain  Lingulas  and  Discmas  and 
also  ConodontSy  whatever  they  may  be.  The  bones,  plates  and  teeth 
of  fishes,  large  and  small,  have  also  been  fonnd  in  them,  sometimes 
in  great  abundance  and  sometimes  though  rareh^  of  surpassing 
paleontological  interest.  It  is  below  all  of  these  groups  that  the 
forms  to  which  I  refer  are  to  be  found.  Microscopic  in  size 
undetermined  in  character,  but  invested  with  both  geological  and 
paleontological  interest,  a  considerable  harvest  awaits  the  careful 
student  of  these  hitherto  unrecognized  forms. 

I  will  not  occupy  the  time  of  the  Association  with  crude  descrip- 
tions »f  such  other  forms  as  I  have  recognized,  but  leaving  this 
branch  of  the  subject,  I  will  ask  3'ou  to  consider  for  a  few  moments, 
an  important  office  that  these  minute  bodies  seem  to  have  rendered 
and  to  be  still  rendering. 

The  office  to  which  I  refer  is  the  production  of  the  great  accu- 
mulations of  petroleum  and  gas  that  have  been  found  in  the 
Devonian  and  sub-carboniferous  formations  of  Pennsylvania,  West 
Vii^inia  and  Ohio  written  the  last  twenty-five  years. 

Thanks  to  the  great  work  carried  forward  by  the  second  Penn- 
sylvania survey,  we  Rve  coming  to  a  pretty  clear  understanding  of 
the  geology  of  petroleum  so  far  as  its  strati  graphical  relations  are 
concerned.  This  much  we  know,  the  great  repositories  are  lentic- 
ular masses  of  sandstone  and  conglomerate,  inclosed  within  masses 
of  fine-grained  shales,  sealed  up,  as  we  may  say,  within  them,  but 
not  quite  hermetically.  Below  these  oil  sands,  heavy  deposits  of 
shale,  blue,  red  and  black,  are  known  to  exht  and  at  still  greater 
depth  the  Devonian  and  Silurian  limestones  are  found. 

What  are  the  sources  of  these  great  accumulations  of  hydro- 
carbons that  have  become  in  the  last  quarter  of  a  century  an  im- 
portant factor  in  the  commerce  of  the  world?  There  are  but  three 
answers  to  this  question  that  so  far  as  I  know  the  geologists  of 
our  day  have  to  offer.  I  will  state  them,  but  my  limits  forbid  their 
discussion. 

Tlie  first  answer  is  that  the  petroleum  and  gas  with  which  the 
oil  sands  are  charged  are  indigenous  to  these  sand  and  gravel 
deposits,  formed  within  them  from  the  decomposition  and  trans- 
formation of  land  or  marine  vegetation  with  which  these  old  beaches 
have  been  charged.     I  scarcely  know  to  whom  to  credit  this 
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theor}^  but  Professor  Lesley  refers  to  it  frequently  with  evident 
approval. 

The  second  theory  is  that  of  Dr.  T.  Sterry  Hunt  and  is  to  the 
effect  that  the  animal  matter  of  the  great  limestones  and  notahly 
that  of  the  great  Devonian  sheet,  tiie  Corniferous  limestone,  is  an 
adequate  source  of  these  vast  reservoirs  of  oil  and  gas.  Dr.  Hunt 
has  made  calculation  of  the  amount  of  oil  that  could  he  furnislied 
by  such  a  bitumen-bearing  bed  as  the  Bridgeport  limestone  of 
Chicago  of  Niagara  age. 

The  third  theor}'  is  that  of  Newberry.  At  least,  the  answer  to 
which  I  now  refer  has  been  presented  by  him  in  more  detail  and 
defended  with  more  painstaking  and  ability  than  b}'  an}-  other,  so 
far  as  I  know.  His  first  extended  statement  appeared  in  an 
article  in  tlie  Agricultural  Report  of  Oiiio  for  1869,  under  the  title 
of  *'  The  Rock-Oils  of  Ohio."  I  will  give  some  of  the  main  points 
on  which  Dr.  Newberry  relies  in  establishing  the  last  named  theory. 

He  takes  the  ground  that  the  great  source  of  petroleum  and  gas 
in  the  field  already  named,  is  the  bituminous  matter  of  the  black 
shales  of  which  I  have  been  treating.  The  points  that  he  makes 
are  the  following :  — 

1.  The  hydro-carbonaceous  matter  required  for  such  a  supply  is 
really  present  in  these  shales.  Anal^'sis  shows  them  to  contain 
from  ten  to  twenty  per  centum  of  organic  matter  of  this  character, 
requiring  comparatively  little  transformation  to  be  converted  into 
the  bodies  whose  origin  we  are  seeking.  A  ton  of  these  black 
shales  is  made  to  yield  in  our  retorts,  from  ten  to  twenty  gallons 
of  oil,  as  a  matter  of  practical  business. 

2.  A  line  of  oil  and  gas  springs  marks  the  outcrop  of  these 
formations  throughout  their  whole  extent,  showing  unmistakably 
that  they  do  give  rise  everywhere  and  always  to  these  verj-  products. 
In  other  words,  the  shales  are  undergoing  spontaneous  distillation 
by  which  these  products  appear  wherever  the  formations  themselves 
are  uncovered. 

3.  The  productive  wells  of  the  oil  fields  actually  descend  to  or 
near  to  these  shale  horizons.  When  limestones  hold  oil,  as  the 
Corniferous  of  Canada,  Dr.  Newberry  argues  that  below  them  still 
beds  of  black  shale  are  to  be  found  as  the  Utica  for  example. 
Wells  bored  below  these  Devonian  black  shales  in  Pennsylvania, 
even  to  the  great  limestone  sheet,  are  comparativel}'  unproductive. 
The  Corniferous  has  been  struck  more  than  once  in  the  deep  wells 
of  Pennsylvania  and  New  York  without  any  large  returns. 
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Tbis  view  has  so  much  to  recommend  it  that  it  is  not  surprising 
that  it  has  won  more  general  acceptance  than  any  other.  In  the 
most  complete  accounts  yet  given  of  the  geology  of  an  oil  produc- 
ing district,  viz.,  in  the  late  reports  of  Carll  of  the  Pennsylvania 
survey,  this  theory  seems  to  be  adopted  as  furnishing  the  best 
available  explanation  of  the  facts  involved. 

The  facts  to  which  I  have  called  the  attention  of  the  Association 
at  this  time  are  in  harmony  with  this  view  and  may  advance  our 
knowledge  b}"  one  step  of  the  history  of  these  products,  but  they 
do  not  touch  the  question  in  a  vital  or  decisive  way.  Granted  that 
the  black  shales  are  the  source  of  petroleum,  I  have  pointed  out 
the  ])articular  element  of  the  shales  that  is  engaged  in  the  work. 
The  really  vital  fact  was  already  held,  in  the  knowledge  that  anal- 
ysis has  given  us  of  the  composition  of  the  shales.  It  is  their  ten 
per  centum  of  hydro-carbonaceous  matter  that  takes  the  central 
place  in  the  argument. 

If  these  various  sporangites^  to  adopt  Dawson's  generic  designa- 
tion, prove  to  be  true  sporangia,  this  fact,  as  I  have  said,  carries 
us  forward  by  a  step  at  least  in  the  way  of  accounting  for  the  origin 
of  petroleum  and  the  other  hj'drocarbons  associated  with  it.  Such 
IxKlies,  lycopodiaceous  spores,  for  example,  as  Dawson  and  Hunt 
and  others  have  shown,  partake  of  the  qualities  common  to  most 
suberine  and  epidermal  matter.  Being  extremely  rich  in  hydrogen 
and  carbon  they  approach  resins  and  fats  in  composition  more  nearly 
than  they  do  w^oody  fibre.  Hence  they  repel  water  —  are  not  easily 
moistened  and  are  able  to  resist  decay  in  a  remarkable  degree. 
All  of  these  facts  bear  upon  their  contribution  to  and  preservation 
in  the  beds  of  coal  and  shale  of  which  they  form  a  conspicuous  part. 

Whatever  their  value  shall  be  found  to  be  in  Ihe  production  of 
oil  and  gas,  I  have  shown  by  the  facts  here  recorded  that  the  bodies 
in  question  are  universally  distributed  throughout  the  Devonian 
and  sub-carboniferous  bituminous  shales  of  Ohio  and,  by  fair 
inference,  through  all  adjacent  territory.  Let  me  recapitulate  the 
facts  that  bear  on  this  question  of  distribution. 

Dr.  Dawson  first  found  these  sporangites  on  Kettle  Point  of  Lake 
Huron,  but  expressly  disclaims  knowledge  of  either  their  vertical 
or  horizontal  distribution  bej'ond  the  twelve  or  fifteen  feet  there 
exposed.  The}'  are  next  found  1000  feet  below  the  surface  in 
northern  Ohio.  They  are  rediscovered  in  the  middle  or  upper 
division  of  the  Ohio  black  shale  at  Columbus.  Then  by  a  more 
systematic  search,  as  opportunity  has  offered,  they  are  found  in 
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every  portion  of  the  Cleveland-Huron  black  shale  of  Ohio,  from 
bottom  to  top  and  from  Lake  Erie  to  the  Ohio  river.  They  are 
also  distributed  throughout  all  the  most  characteristic  portions  of 
the  Berea  shale.  I  regret  that  I  have  not  had  opportunity  as  yet 
to  examine  the  extension  of  these  strata  elsewhere,  but  it  is  not  at 
all  hazardous  to  assert  that  whoever  loqks  for  them  in  the  Hamilton 
black  shales  of  western  New  York,  in  the  Devonian  black  shales 
of  Michigan  and  Indiana  and  in  the  southwest  extension  of  the 
Ohio  black  shale  along  the  eastern  border  of  the  Cincinnati  axis 
across  Kentucky  and  Tennessee,  will  find  them  there  in  the  same 
associations  and  conditions  that  have  been  here  described.  Dr. 
Newberry  indeed  has  informed  me  that  a  number  of  years  ago  he 
recognized  spores  in  the  black  shale  of  Kentucky. 


Recent  Investigations  and   Pal^ontologioal  Discoveries  in 

THE     WaPPINGER   LiHESTONE   OF    DUTCHESS   AND  NEIGHBORING 

Counties,  New  York  State.     By  William  B.  Dwight,  of 

Poughkeepsie,  N.  Y. 

[abstract.] 

The  Wappinger  (or  Barnegat)  limestones  of  Dutchess  and  the 
neighboring  counties,  New  York  state,  can  be  properly  studied 
only  in  connection  with  the  Poughkeepsie  slates  with  which  they 
are  closely  interstratified.  llecent  explorations  in  both  the  lime- 
stones and  the  slates,  but  chiefly  in  the  former,  have  had  rich  results. 
These  results  are  important  for  the  following  reasons : 

(1)  The  age  of  these  rocks  has  been  hitherto  very  uncertain. 
Emmons  classed  them  as  Taconic.  Mather,  with  the  approval  of 
Professor  Hall,  called  the  slates  Utica  and  Hudson  River,  and 
the  limestones  Calciferous  and  Trenton.  In  later  3'ears,  after 
a  review  of  the  region.  Sir  William  Logan  and  Professor  Hall  have 
published  the  whole  belt  as  '*  unfossiliferous  Quebec." 

(2)  The  question  of  the  age  of  the  Wappinger  limestones  and 
the  adjoining  strata,  has  an  important  bearing  on  that  of  the  ex- 
istence of  the  so-called  Taconic  system.  There  have  been,  in 
recent  years,  many  investigations  by  eminent  geologists  into  the 
true  nature  of  the  original  typical  Taconic  rocks.  On  the  whole, 
these  have  impaired  seriously  the  theory  in  regard  to  them,  held  by 
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Emmons,  if  they  have  not  destroyed  it  entirely,  in  general  scientific 
opinion.  Prof.  J.  D.  Dana,  after  detailed  personal  observation, 
has  recently,  in  the  American  Journal  of  Science,  contributed 
weiglity,  and,  as  I  believe,  conclusive  evidence  of  the  conti- 
nuity and  identity  of  the  slates  and  limestones  of  Dutchess  county 
and  their  modifications,  with  the  Taconic  rocks  of  Emmons  in 
western  Massachnsetts  and  Vermont.  Palfeontological  evidence 
as  to  their  age  would  therefore  be  decisive  as  to  that  of  the  Ta- 
conic strata  of  the  above  mentioned  states. 

This  evidence,  now  ample,  shows  the  so-called  original  Taconic 
strata  to  contain  the  Hudson  river,  Trenton,  Chazy  and  Calcif- 
erous  groups,  and  probably  also  the  Potsdam  sandstone.  This 
result  harmonizes  with  palaeontological  evidence  furnished  by  A. 
Wing  and  other  observers  in  the  northern  extension  of  the  Taconic 
in  Vermont. 

(3)  While  conclusions  concerning  the  Dutchess  county  rocks 
have  been  heretofore  founded  almost  entirely  on  stratigraphical 
grounds,  since  1878  abundant  palteontological  evidence  lias  been 
found.  In  1878,  Mr.  T.  N.  Dale  found  many  Hudson  river  fossils 
in  the  slates  west  of  the  limestone  belt.  In  1878  and  '79  Pro- 
fessor Dana  discovered  Trenton  fossils  at  Pleasant  valley  and 
Rochdale,  near  Poughkeepsie,  in  the  limestone.  In  1879,  Mr.  R. 
P.  Whitfield  discovered  the  Chazy  Madurea  magna  in  the  contin- 
nation  of  the  Wappinger  limestone  at  Newburgh.  In  1879,  the 
writer,  by  invitation  of  Professor  Dana,  accompanied  him  and  as- 
sisted in  the  discovery  of  the  Trenton  fossils  at  the  localities 
above  named.  Since  that  date  I  have  continued  a  most  eareful 
exploration  of  the  limestone,  with  very  rich  results.  I  have 
been  able  to  develop  more  fully  the  fossils  in  the  Trenton,  and 
also  for  the  first  time  to  find  abundant  evidence,  by  fossils,  of  the 
presence  of  the  Calciferous  group  in  extensive  deposits.  I  have 
beei^  able  to  trace  out  to  a  large  extent  the  mutual  relations  of 
the  Hudson  river  slates,  and  the  Trenton  and  Calciferous  lime- 
stones. It  appears  that  they  are  disposed  in  at  least  three  anti- 
clinal folds,  with  many  local  complications.  The  general  strike  is 
about  north  30®  east  (true),  and  the  average  dip  about  70®  east- 
erly. 

Partial  metamorphism  has  generally  obliterated  and  always 
affected  the  fossils,  but  a  very  close  scrutiny  has  revealed  a  num- 
ber of  Interesting  fossiliferous  localities.    Of  these,  Rochdale, 
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four  miles  northeast  from  Pougbkeepsie,  is  by  far  the  richest.  I 
have  found  fossiliferous  Trenton  at  different  points  from  Salt 
Point,  ten  miles  northeast  of  Pougbkeepsie  to  about  eighteen  miles 
to  the  southeast  of  that  city.  Fossiliferous  Calciferous  appears  as 
far  to  the  north,  but  none  has  as  yet  been  found  farther  south 
than  a  point  five  miles  below  Pougiikeepsie. 

The  Trenton  fossils  found  by  Professor  Dana  at  the  time  above 
mentioned  were  Orthis  tricenaria  and  teatudinaria,  LeptiEna  ser- 
icea^  Strophomena  altemata^  Orthoceras  junceum,  cyathophylloid 
corals,  several  crinoid  species,  and  a  very  minute  coral  since  iden- 
tified by  Professor  Dawson  as  the  Chcetetes  {stromatopora)  com- 
pacta^  previously  reported  in  Canada.  Part  of  an  endoceras^  and 
a  large  species  of  receptaculiles  were  also  found.  A  fossil  appear- 
ing to  be  Orthis  occidentalis  had  also  been  found  by  him  at  Alt- 
eram. 

My  own  explorations  in  the  Trenton  of  the  Wappinger  valley 
have  developed,  in  addition  to  the  above  fossils,  Orthis pectineUa 
and  hjnx^  Rhynconella  capax^  Chcetetes  lycoperdon^  var.  ramosa^ 
Petraia  corniculum  (probabl}*),  lllcenns  crassicauda,  a  head  and 
columns  of  Echino-encrinites  anatifoi'mis,  columns  of  Schizocrinus 
nodosus^  a  new  species  of  discinoid  bracbiopod  which  I  have 
named  Orbiculoidea  cojiica,  and  man}'  fragments  of  columns  of  a 
large  encrinite  of  the  Canadian  "  cleiocrinus"  type,  two  centi- 
metres or  less  transverse  diameter.  Some  of  these  are  too  close 
to  C  magnificxLS  and  grandis  to  be  assigned  to  any  other  species, 
though  the  latter  forms  are  sometimes  much  larger  than  the  type 
specimen.    Others  present  considerable  variation  from  these  types. 

The  most  remarkable  fossils  are  those  which  I  have  discovered 
in  the  Calciferous,  chiefly  at  Rochdale.  These  comprise,  of  Cal- 
ciferous fossils  of  general  occurrence  in  the  United  States,  OpM- 
leta  complanata^  sordida  and  levata^  and  several  species  of  fu- 
coids ;  of  well  known  Canadian  fossils,  Ophileta  compacta  and 
TripJesia  {Camerelld)  calcifera.  Ophileta  compacta  has  previously 
been  reported  from  a  single  locality  in  the  United  States,  near 
Middlcbury,  Vt.,  by  Mr.  A.  Wing. 

There  are  also  a  large  holopea  resembling  H.  proserpina^  and 
smaller  ones  not  identified ;  pleurotomarixB  resembling  P.  Cana- 
densis^ qnebecensis  and  gregaria  of  Canada ;  a  minute  ophileta^  new 
species ;  a  Murchisonia  resembling  M.  gracilis  of  the  Trenton 
group ;  several  other  gasteropods  not  identified  ;  one  or  two  species 
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of  quite  small  and  finely  striated  orthides;  many  undeterminable 
fragments  of  Bathyur.us;  also  several  specimens  of  Chcetetes  ly- 
coperdon^  var.  ramosa^  well  marked.  The  latter  is  not,  I  believe, 
hitherto  reported  below  the  Trenton. 

Of  Orthoceraiay  I  have  been  surprised  to  find  at  least  from 
twenty-five  to  tliiHy  species  iu  this  Calciferous  rock.  Unless  Or- 
tlioceras  primigenius  may  be  present,  which  is  doubtful,  and  ex- 
qepting  Oncoceras  mnmmiforme  (Whitfield)  which  appears  to  be 
represented,  all  are  new  forms  in  the  United  States  Calciferous. 
All  have  close  septa,  none  having  wider  septa  than  nine  to  the 
inch,  among  hundreds  of  specimens  collected.  Most  have  from 
fifteen  to  thirty-five  or  more  septa  to  the  inch.  The  species  vary 
in  length  from  under  two  to  twenty-three  centimetres,  and  in 
breadth  from  under  one  to  over  four  centimetres.  Curved  fonns 
and  lateral,  mostly  marginal  siphuncles,  predominate.  There  is 
also  a  predominance  of  large  siphuncles  of  the  endoceras  type, 
but  generally  lacking  the  internal  cone.  There  is  much  variety  in 
the  shape  of  the  siphuncles  and  in  the  taper  and  shape  of  the 
shell.  Some  of  these  resemble,  and  may  prove  identical  with,  the 
Canadian  species  ^'  Montrealense,"  '^  glaucus,"  and  perhaps  one  or 
two  others,  but  a  large  part  appear  to  be  new  species.  Two  of 
these  orthoceratites  are  evidently  ^^  endoceras,"  bringing  this 
genus  down  to  a  low  horizon. 

One  of  the  mora  common  and  beautiful  species  is  from  one  to 
two  inches  long,  with  six  to  eight  annulations,  and  twenty  to 
forty  septa  to  the  inch. 

Two  species  of  Utuites  occur  here,  and  a  cyrtoceras  with  the  mar- 
ginal siphuncle  on  the  side  of  the  inner  curve. 

From  the  above  statements  it  will  appear  that  both  the  Tren- 
ton and  Calciferous  strata  of  this  region  differ  greatly  in  palseon- 
tological  character  from  other  strata  of  those  ages  in  the  United 
States,  while  they  resemble  the  strata  of  Canada,  or  of  perhaps, 
some  of  the  localities  of  the  United  States  immediately  bordering 
on  Canada. 

Iw  would  also  appear  that  the  Wappinger  limestone,  contrary  to 
its  received  un fossil iferous  reputation,  is  highly  ^^  fossil iferous," 
aud  that  Rochdale,  its  most  interesting  localit}^  is  the  richest  pal- 
oeontological  locality  of  the  Calciferous  in  the  United  States,  and 
one  of  the  richest  in  cephalopodic  life  of  any  formation  in  the 
country. 
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The   Winooski  Marble  op  Vermont.     By  G.   H.  Perkins,  of 
Burlington,  Vt. 

[ABSTBACr.] 

The  object  of  this  paper  was  to  call  attention  to  the  remarkable 
deposits  of  variegated  marble  which  extend  along  the  western 
border  of  Vermont  for  about  thirty-five  miles,  from  near  Burlington 
noith  beyond  St.  Albans.  Quarries  have  existed  in  some  of  the 
beds  for  thirty  years ;  but  recently  more  extensive  operations  tiian 
formerly  have  more  than  ever  before  developed  the  variety  and 
beauty  of  the  marble.  The  beds  are  primordial  in  f^e  and  form  a 
part  of  the  "Red  Sandrock"  of  western  Vermont.  The  marble 
is  a  dolomite  and  consists  of  magnesia  carbonate  about  forty  per 
cent,  lime  carbonate  thirty  per  cent,  silica  ten  per  cent,  and  about 
the  same  amount  of  iron  and  alumina,  but  its  constitution  is  very 
variable.  It  is  not  generally  fossiliferous,  but  in  some  layers, 
Salterella  pulchella  Billings,  occurs  in  patches  and  other  indistinctly 
marked  fossils  have  been  found,  but  they  are  very  rare.  The  pre- 
dominant color  is  red  mingled  with  more  or  less  white ;  less  common 
are  green  and  drab  tints.  Of  red  almost  every  imaginable  shade 
occurs  and  the  variety  which  is  produced  by  the  mingling  of  these 
different  shades  w^ith  white  and  green  or  drab  is  wonderful.  Over 
thirty  well  marked  varieties  are  found  within  a  short  distance  of  the 
large  mill  recently  built  on  Mallett's  Bay  about  six  miles  from 
Burlington.  All  of  these  are  handsome.  In  some  the  color  is  dark 
Indian  red  and  from  this  the  varieties  pass  to  a  light  shell  pink 
and  these  latter  are  exquisitely  delicate  and  beautiful. 

The  supply  is  practically  unlimited  and  so  located  on  the  ba}', 
which  is  a  part  of  Lake  Champlain,  that  the  derrick  which  lifts  the 
blocks  from  the  quarry  can  swing  them  around  and  deposit  them 
in  boats  lying  alongside  by  which  they  may  be  taken  to  the  Hud- 
son and  St.  Lawrence.  Though  harder  and  hence  more  difficult  to 
saw  and  cut  than  common  marble,  the  Winooski,  or  as  it  is  now 
called  the  Wakefield,  compensates  for  this  by  its  durability,  su- 
perior polish  and  general  beauty,  and  it  seems  destined  to  prove  of 
great  value  for  wainscoting  and  other  ornamental  work  in  fine 
buildings.  Specimens  of  some  of  the  chief  varieties  were  exhibited, 
and  others  described. 
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The  Great  Terminal  Moraine  across  Fennstlyania.    By  H. 
Cabvill  Lewis,  of  Germantown,  Pa. 

[abstbact.] 

After  describing  the  investigations  in  New  Jerse}'',  and  along 
Long  Island  and  southern  Massachusetts,  which  first  demonstrated 
the  existence  of  a  true  terminal  moraine,  and  referring  to  the 
discover}^  of  similar  moraines  in  Wisconsin  and  Minnesota,  which 
marked  halting  places  in  the  retreat  of  the  glacier,  the  author 
slated  that,  having  obtained  the  aid  of  the  Geological  survey  of 
Pennsylvania,  and,  during  a  portion  of  his  work,  the  assistance  of 
Prof.  G.  F.  Wright,  he  had  been  able  to  follow  and  define  the 
southern  limit  of  glaciation  for  the  first  time  in  a  continuous  line 
four  hundred  miles  in  length  across  that  state,  and  to  find  that  it 
was  every  where  marked  by  a  remarkable  accumulation  of  glaciated 
material,  which,  winding  across  mountains  and  valleys,  from  the 
lowlands  of  the  Delaware  to  the  great  Alleghany  plateau,  was 
continnous  from  end  to  end,  and  formed  a  true  terminal  moraine 
to  the  great  ice-sheet  that  once  covered  northeastern  America. 

The  method  emplo3'ed  in  discovering  the  line  of  the  moraine 
was  to  zigzag  along  its  course  from  the  glaciated  into  the  non-glaci- 
ated region,  and  vice  versa^  going  each  time  far  enough  on  the  one 
side  to  be  fully  satisfied  of  the  absence  of  glaciation,  and  on  the 
other  to  find  undoubted  traces  of  its  action. 

He  then  epoke  of  the  marked  distinction  between  the  glaciated 
portion  of  Pennsylvania  and  that  region  south  of  glacial  action. 
Although  the  general  topography  of  the  two  regions  is  alike,  the  va- 
ried superficial  features  due  to  glacial  agencies,  the  far  traveled  and 
scratched  boulders,  the  smoothed  and  striated  rock  exposures,  the 
unstratifie<l  deposit  of  till,  the  many  kames,  and  especially  the 
numerous  glacier-scratched  fragments  and  pebbles,  —  all  these  de- 
posits are  in  strong  contrast  with  those  south  of  the  moraine,  where 
all  the  gravels  arc  stratified  and  the  pebbles  water-worn,  where  the 
rocks  are  never  polished  or  striated,  but,  on  the  other  hand,  often 
decomposed  to  a  great  depth,  and  where,  except  near  the  seacoast, 
wide  stretches  of  the  more  elevated  regions  are  perfectly  free  from 
all  drift. 

Nowhere  south  of  the  line  of  the  terminal  moraine  had  the  author 
found  any  traces  of  glacial  action,  all  statements  by  other  geolo- 
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gists  to  the  contrary  notwithstanding.  When  typically  developed, 
the  terminal  moraine  is  characterized  b}'  peculiar  contours  of  its 
own.  A  series  of  hummocks^  or  low  conical  hills,  alternate  witii 
short  straight  ridges,  and  enclose  shallow  basin-shaped  depressions, 
which,  like  inverted  hvmmocks  in  shape,  are  known  as  kettle  holes. 
Large  boulders  are  scattered  over  the  surface,  and  the  unstratified 
till  which  composes  the  deposit  is  filled  with  glacier-scratched 
boulders  and  fragments  of  all  sizes  and  shapes.  The  average  width 
of  the  moraine  is  about  one  mile. 

At  many  places,  however,  the  limit  of  glaciation  is  marked 
merely  by  an  unusual  collection  of  large  transported  boulders. 
This  is  especiall}^  the  case  in  front  of  a  high  mountain  range,  which 
has  "  combed  out"  the  drift  from  the  ice. 

The  general  course  of  the  moraine  across  Pennsylvania  was 
defined  as  follows  :  appearing  first  in  Northampton  county,  a  mile 
below  Belvidere,  at  latitude  40°  49',  it  rises  through  the  stratified 
drift  as  low  gravel  hills,  which,  winding  up  over  the  slate  bills  to 
the  west,  are  soon  developed  into  an  accumulation  of  typical  till, 
holding  kettle  holes  and  filled  with  boulders.  Winding  in  a  great 
curve  first  westward  and  then  northward,  it  reaches  the  base  of  the 
Kittatinny  mountain  three  miles  east  of  the  Wind  Gap. 

Ascending  to  the  top  of  the  Kittatinny  mountain,  1600  feet 
high,  the  moraine  crosses  over  it,  being  well  shown  upon  the  very 
summit,  and  entering  Monroe  county,  crosses  the  great  valley 
between  the  Kittatinny  and  the  Pocono,  enclosing  in  its  course 
several  moraine  lakes.  Having  crossed  this  valley,  and  reached 
the  base  of  the  Pocono  escarpment,  it  swings  sharply  back  and 
around  Pocono  Knob,  immediately  afterwards  to  ascend  the  steep 
face  of  the  mountain  to  the  wide  plateau  on  top,  2100  feet  above 
the  sea.  Crossing  this  in  a  fine  curve,  and  heaped  up  in  an  immense 
accumulation,  it  goes  first  north  and  afterwards  west,  until  it 
reaches  the  Carbon  county  line. 

Crossing  the  centre  of  Kidder  township,  Carbon  county,  it 
reaches  the  gorge  of  the  Lehigh  river,  some  ten  miles  north  of 
Mauch  Chunk.  It  crosses  the  gorge  at  Hickory  run,  and,  without 
swerving  from  its  general  northwestern  course,  ascends  mountain 
range  after  mountain  range  in  Luzerne  county,  descends  to  the 
valley  of  the  east  branch  of  the  Susquehanna,  and  crosses  the  river 
at  Beach  Haven,  here  forming  immense  heaps  of  drift,  afterwards 
to  be  washed  down  the  river  into  terraces. 
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Then,  in  Columbia  county,  following  along  the  base  of  Hunting- 
ton or  Knob  mountain  for  awhile,  it  finallj'  ascends  it,  and  crossing 
over  the  summit,  at  a  height  of  1500  feet  above  tlie  Susquehanna 
just  below,  descends  the  north  slope  of  the  mountain  to  the  broad 
undulating  valley  to  the  north.  Taking  a  northerly  course,  it 
follows  up  on  the  east  bank  of  Fishing  ci*eek  to  the  North  or 
Alleghany  mountain.  The  summit  of  the  Allcghanies  in  Sullivan 
county  is  covered  with  glacial  strise,  and  contains  boulders  and 
other  marks  of  glaciation.  The  moraine  entering  Lycoming  county, 
passes  westward  along  the  base  of  the  mountain,  crossing  in  its 
course  the  Muncy  and  Loyalsock  creeks,  and  finally,  near  the 
village  of  Loyalsock,  turns  at  right  angles  and  ascends  the 
mountain. 

Having  reached  the  summit  of  the  AUeghanies,  over  2000  feet 
above  the  sea,  it  crosses  the  picturesque  canon  of  Lycoming  creek, 
and  passing  west  through  a  wild,  wooded  region  nearly  as  far  as 
Pine  creek,  it  begins  a  nearly  straight  northwestward  course, 
through  the  southwest  corner  of  Tioga  county,  and  tlie  northwest 
part  of  Potter.  In  the  high  ground  of  Potter  county,  the  moraine 
crosses  a  great  continental  watershed,  from  which  the  waters  flow 
into  the  gulf  of  Mexico,  Lake  Ontario,  and  Chesapeake  bay.  The 
moraine  is  here  finely  shown  at  an  elevation  of  2580  feet,  being 
higher  than  elsewhere  in  the  United  States. 

The  line  of  the  moraine  now  enters  the  state  of  New  York,  in 
the  southwest  corner  of  Allegany  county.  Passing  still  northwest 
and  entering  Cattaraugus  county,  it  twice  crosses  the  winding  course 
of  the  Allegheny  river,  east  and  west  of  Olean  ;  then  trending  to  a 
point  five  miles  north  of  Salamanca,  in  latitude  42°  15',  it  forms  a 
remarkable  apex,  whence  to  the  Ohio  line  its  course  is  south- 
west. Turning  at  right  angles  to  its  former  course,  the  moraine 
passes  southwest  through  the  southeast  corner  of  Cliautauqua 
county,  and,  keeping  approximately  parallel  to  the  course  of  the 
Allegheny  river,  reenters  Pennsylvania,  in  Pine  Grove  township, 
Warren  county.  It  crosses  the  Conewango  river  seven  miles  north 
of  Warren,  forming  immense  accumulations  in  the  valley  of  the 
river. 

Then  trending  west  in  Warren  county,  still  at  a  general  eleva- 
tion of  nearly  2000  feet  above  the  sea,  the  moraine  crosses  one 
gorge  after  another,  and  forms  a  line  separating,  not  only  the  gla- 
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elated  fi*om  the  non-glaciated  region,  but  also  the  cultivated  from 
the  uncultivated  and  densely  wooded  region. 

In  Crawford  county,  the  line  appears  in  the  southeast  corner,  and 
crosses  Oil  creek  between  four  and  five  miles  northwest  of 
Titusville. 

In  Venango  county  it  skirts  the  northwest  and  west  Iwundaiy 
of  the  county,  crossing  French  creek  four  miles  west  of  Franklin. 

It  crosses  the  three  northwest  townships  of  Butler  county,  and 
the  southeast  corner  of  Lawrence.  The  Beaver  river  is  crossed 
by  tlie  moraine  eight  miles  south  of  New  Castle. 

The  moraine  traverses  the  extreme  northwest  corner  of  Beaver 
county,  and,  in  the  middle  of  Darlington  township,  thirteen  miles 
north  of  the  Ohio  river,  and  at  a  latitude  of  40^  50',  crosses  the 
Ohio  state  line. 

The  moraine  thus  leaves  Pennsylvania  at  precisely  the  latitude 
at  which  it  entered  the  state,  and  if  a  straight  line  were  drawn  across 
the  state  between  these  two  points,  the  line  of  the  moraine  would 
form  with  it  a  nearly  right-angled  triangle,  whose  apex  was  100 
miles  distant  perpendicularly  from  its  base.  The  total  length  of 
the  moraine,  as  here  shown,  is  about  400  miles.  The  moraine 
crosses  the  Delaware  at  an  elevation  of  250  feet,  the  Allegheny 
at  an  elevation  of  1425  feet,  and  the  Beaver  at  an  elevation  of 
800  feet  above  the  sea,  or  225  feet  above  Lake  Erie.  Upon  the 
high  lands  it  rises  higher  by  1000  feet  or  more. 

Coming  to  the  details  of  the  moraine,  the  author  spoke  of  the 
fine  development  of  the  moraine  in  Northampton  county,  west  of 
Bangor,  where  it  forms  a  series  of  hummocky  hills,  which,  100  to 
200  feet  in  height,  and  covered  with  transported  and  striated 
boulders,  rise  abruptly  out  of  a  clayey  plain  to  the  west.  Glacial 
strise  upon  exposed  surfaces  near  Bangor  point  southwest,  or 
towards  the  moraine.  After  following  the  moraine  to  the  base  of 
the  Kittatinny  mountain,  it  became  of  great  interest  to  know 
whether  a  great  lobe  of  ice  descended  from  New  Jersey  along  the 
lower  side  of  the  mountain,  or  whether  a  tongue  projected  through 
the  Delaware  Water  Gap,  or  whether  the  glacier  even  so  close  to 
its  southern  limit,  came  bodil}*  over  the  top  of  the  mountain,  un- 
checked by  it,  and  unchanged  in  its  course.  The  last,  the  most 
improbable  of  these  hypotheses,  and  certainly'  the  least  expected 
by  the  author,  proved  to  be  undoubtedly'  the  true  one.  The  author 
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had  been  able  to  show  that,  the  iroraine  crossed  the  mountain  near 
Offset  Knob,  that  large  boulders,  derived  from  lower  elevations 
several  miles  northward,  lie  perched  all  along  the  summit,  1400 
feet  above  the  sea,  and  that,  as  shown  by  the  numerous  striae  on 
the  northern  slope  of  tiie  mountain,  running  vp-hill^  the  glacier 
moved  diagonally  up  and  across  the  mountain,  uninfluenced  in  any 
way  by  the  presence  of  the  "Water  Gap,  and  finally  came  to  an  end 
in  the  valley  south  of  the  mountain,  as  marked  out  by  the  terminal 
moraine.  Huge  boulders  of  fossiliferous  limestone,  sometimes 
thirty  feet  long,  were  torn  by  the  ice  from  their  parent  strata  in 
Monroe  county,  on  the  north  side  of  the  mountain,  lifted  up  a 
thousand  feet,  carried  across  the  mountain,  and  dropped  finally  in 
the  slate  valley  of  Northampton  count}*.  The  author  had  found 
one  of  these  limestone  boulders  upon  the  very  summit  of  the 
mountain,  where  the  jagged  sandstone  rocks  had  combed  it  out  of 
the  ice  during  its  passage  across.  The  journeys  of  these  boulders 
were  short,  but  that  of  a  well-rounded  boulder  of  Adirondack 
syenite,  which  the  author  had  found  in  the  same  county,  was 
about  200  miles. 

In  Monroe  count}',  the  course  of  the  moraine  as  it  winds  from 
the  top  of  the  Kittatinny  mountain  down  to  Cherry  valley  and  then 
up  again  on  to  the  Pocono,  is  a  complete  vindication  of  the  glacial 
hypothesis.  It  is  in  no  sense  a  water  level,  nor  could  it  have  been 
formed  by  floating  ice.  No  other  cause  than  that  of  a  great  glacier 
could  form  a  continuous  accumulation  of  glaciated  material,  which 
contains  no  evidences  of  water  action  and  which  follows  such  a 
course.  The  fact  that  no  tongues  of  ice  were  protruded  either 
through  the  Delaware  Water  Gap  or  down  the  broad  valley 
between  the  Pocono  and  Kittatinny  mountains,  indicates  the  im- 
mense size  of  the  glacier.  Although  more  than  1000  feet  lower 
than  the  mountains  and  twelve  miles  in  width,  the  valley  last 
mentioned  deflected  the  southern  boundary  of  the  ice  but  a  few 
miles. 

There  are  no  striae  indicating  passage  of  ice  through  the  Water 
Gap,  the  supposed  striae  being  due  to  water  action. 

Again,  neither  on  the  mountains  nor  in  the  valley  does  the 
moraine  rest  against  any  defined  barrier  as  would  be  the  case  were 
it  a  shoreline. 

Of  special  importance  in  this  connection  are  the  two  facts:  (1) 
that,  as  shown  by  the  absence  of  stratification,  by  the  angularity 
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ADd  the  Btriated  surfaces  of  its  enclosed  stones,  and  by  its  topo* 
graphical  position,  it  has  rarely  been  subjected  to  the  action  of 
water;  (2)  that,  as  proved  by  numerous  glacial  striae  and  by 
transported  boulders,  its  course  is  alwa3's  at  right  angles  to  the 
direction  of  glacial  movement. 

The  author  stated  that  the  moraine  was  wonderfully  shown  upon 
the  summit  of  Pocono  mountain,  over  2000  feet  above  the  sea, 
where  a  great  ridge  of  moraine  hills  twelve  miles  long,  one  mile 
wide,  and  100  or  more  feet  high,  composed  of  uiistratified  till,  and 
bearing  numerous  boulders  of  Adirondack  gneisses  and  granites, 
lies  upon  the  level,  sandy  plain  of  the  Pocono  plateau  and  sweeps 
around  from  Pocono  Knob  into  Carbon  count}-.  Known  locally  as 
'*  Long  Ridge,"  its  origin  had  never  before  been  suspected.  It  en- 
closes remarkable  little  "  moraine  lakes"  without  inlet  or  outlet,  and 
is  heaped  up  into  just  such  conical  hills  as  may  be  seen  in  the  mo- 
raine in  southern  Massachusetts.  Nothing  can  more  clearl}^  show 
the  continuity  and  uniformity  of  action  of  the  great  glacier  than 
the  identity  of  its  moraine  accumulations  at  such  remote  points. 

The  author  here  described  the  kames  of  Cherry  Valley,  fine 
examples  of  which  appear  south  of  Stroudsburg,  and  are  interest- 
ing relics  of  sub-glacial  water  action.  They  are  composed  of 
stratified  water- worn  gravel,  having  often  an  anticlinal  structure, 
and,  as  a  series  of  conical  hills  and  reticulated  ridges,  enclosing 
'*  kettle  boles,"  form  conspicuous  objects  in  the  centre  of  the  valley. 
They  appear  to  have  been  formed  by  sub-glacial  rivers,  which 
flowing  from  the  moraine  backwards^  under  or  at  the  edge  of  the 
ice,  emptied  into  the  Delaware  valley.  lie  thought  that  a  study  of 
the  great  subglacial  drainage,  of  which  kames  are  the  most  prom- 
inent relics,  would  throw  much  light  upon  certain  high-level 
stratified  gravels  whose  origin  has  been  ascribed  to  great  changes 
of  elevation. 

The  author  then  described  the  more  interesting  glacial  striae  of 
Monroe  county.  One  of  these,  on  the  north  side  of  the  Kittatinny 
mountain f  was  six  feet  wide  and  seventy  feet  long.  Near  the 
moraine  the  striae  always  curved  so  as  to  keep  at  right  angles  to  it. 

He  spoke  of  the  very  slight  effect  that  the  glacier  had  upon  the 
topography  of  Pennsylvania.  It  neither  leveled  down  mountains 
Dor  scooped  out  canons.  The  glacier  passed  bodily  across  the 
sharp  edge  of  the  Kittatinny  mountain  without  having  any  appre- 
ciable effect  upon  it,  the  glaciated  part  of  the  ridge  being  as  high 
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and  as  sharp  as  thai  part  south  of  the  moraine.  In  describing  the 
course  of  the  moraine  across  Carbon  county,  he  referred  to  the 
numerous  lakes  due  to  glacial  action  as  being  of  two  kinds:  — 
moraine  lakes,  or  kettle  holes  in  the  moraine  holding  water,  and 
dammed  up  lakes,  due  to  the  obstruction  of  streams  by  the  unequal 
distribution  of  the  till.  He  spoke  of  the  sharp  distinction  between 
the  glaciated  and  the  non-glaciated  region  on  the  Lehigh  river,  and 
referred  to  the  strise  upon  the  summit  of  Penobscot  Knob,  which, 
at  an  elevation  of  2200  feet  above  the  sea  point  S.  10**  W.,  this 
being  the  general  direction  of  the  ice  flow.  On  the  other  hand,  in 
the  valley  at  White  Haven,  immediately  below,  the  striae  point 
southeast,  or  along  the  valle}*.  He  spoke  of  the  importance  of 
separating  the  high  level  from  tiie  low  level  strise,  the  former 
indicating  the  general  movement  of  the  top  of  the  ice,  which  is 
uniform  over  large  areas,  while  the  latter  conform  more  or  less  to 
the  valleys  and  show  mere  local  movements  of  the  base  of  the  ice. 
The  glaciation  of  Penobscot  Knob  showed  that  the  ice  was  at  least 
2000  feet  thick  at  a  point  eight  miles  back  of  its  extreme  edge. 
Data  were  given,  leading  to  the  conclusion  that  the  extreme  edge 
of  the  glacier  had  a  thickness  varying  from  400  to  900  feet. 

In  describing  the  course  of  the  moraine  across  Luzerne  county, 
the  author  showed  that  it  crossed  several  mountain  chains  in  suc- 
cession, by  each  of  which  it  was  locally  deflected  northward. 

He  stated  that  at  the  point  where  the  terminal  moraine  crosses 
Buck  mountain,  in  a  line  diagonally  across  the  mountain,  the 
moraine  was  so  sharply  deflncd  that  he  was  able  to  stand  with  one 
foot  upon  the  glaciated  and  the  other  upon  the  non-glaciated 
region.  He  described  the  fine  kames  between  Scranton  and  Pitts- 
ton,  on  the  Lackawanna  river,  and  showed  that  they  were  nearly 
parallel  to  the  glacial  strise. 

He  then  gave  some  details  of  the  course  of  the  moraine  as  traced 
through  Columbia  county.  He  stated  that  it  was  interesting  to 
find  that  in  front  of  a  mountain  chain,  such  as  Huntington  mono- 
tain  or  the  Allegheny  mountain,  the  moraine  was  poorly  developed, 
as  though  the  mountain  had  combed  out  the  drift  from  the  ice. 

He  described  an  instructive  portion  of  the  moraine,  where,  three 
and  one-half  miles  northwest  of  Berwick,  it  seems  to  abut  against 
a  high  slate  hill,  which* furnishes,  therefore,  a  section  of  the  end  of 
the  glacier.  It  shows  that  the  extreme  edge  of  the  ice  was  about 
400  feet  thick,  and  that  while  the  moraine  and  the  scratched  pebbles 
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were  carried  along  at  the  base  of  the  ice,  sharp  fragments  of 
sandstone  were  carried  on  top. 

The  interesting  course  of  the  moraine  along  the  eastern  bank  of 
Fishing  creek  was  described,  where  the  glacier  stopped  abruptly 
on  the  downward  slope  of  a  hill,  stopping  simply  because  its  inertia 
became  exhausted.  Where  the  moraine  crossed  the  creek,  it 
formed  a  great  dam,  and  it  was  shown  that  the  moraine  was  often 
steeper  at  the  back  than  at  its  front  edge  —  a  fact  analogous  with 
the  features  of  moilern  Swiss  moraines. 

The  evidences  of  glaciation  upon  the  Allegheny  mountain  in 
Sullivan  county  were  given,  the  striae  pointing  south  9°  west,  and 
the  moraine  was  followed  along  the  base  of  the  mountain  to  a 
point  in  Lycoming  county  near  Loyalsock,  where  it  climbed  up  to 
the  great  Allegheny  plateau,  and  then,  keeping  at  a  high  elevation, 
passed  through  Tioga  and  Potter  counties  into  New  York. 

That  this  great  region  of  high  elevation  (over  2500  feet)  had  a 
decided  influence  upon  the  general  course  of  the  moraine  was 
inferred  from  the  local  influence  already  shown  by  the  author  to 
have  been  exerted  by  single  mountain  chains,  and  he  thought  it 
probable  that  as  the  lowlands  along  the  Atlantic  allowed  the  ice  to 
flow  as  far  south  as  Belvidere,  so  this  great  mountain  region,  acting 
like  a  wedge,  caused  the  moraine  to  swing  northward  into  New 
York ;  and  so,  too,  the  depressions  of  Lake  Erie  and  the  Missis* 
sippi  valley  produced  another  and  more  extended  southward  flow, 
a  portion  of  which  traversed  the  western  part  of  the  state. 

Professor  Lewis  here  described  the  remarkable  apex  made  by 
the  moraine  north  of  Salamanca,  N.  Y.  He  showed  that  it  was 
probable  that  the  Allegheny  river  flowed  under  a  tongue  of  the 
glacier,  ten  miles  broad  and  two  miles  long,  through  a  sub-glacial 
channel  at  the  time  of  its  greatest  extension  near  Olean.  He 
described  a  great  natural  dam  across  the  valley  of  Great  Valley 
creek,  near  Peth,  where  the  moraine  stretches  across  the  valley 
from  side  to  side,  and  he  spoke  of  the  contrast  between  the 
numerous  drainage  valleys  which  drained  the  waters  of  the  melting 
ice  into  the  Alleghany  river,  and  those  valleys  which  took  their 
rise  south  of  the  moraine  and  were  free  from  all  drift. 

After  giving  some  details  of  the  western  lobe  of  the  ice  sheet 
in  Pennsylvania,  and  referring  to  its  agricultural  significance,  he 
spoke  of  some  curious  deposits  of  glaciated  material  which  oc- 
curred in  a  narrow  strip  of  ground  immediately  in  front  of  the 
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moraine,  and  which  he  had  named  the  fringe.  These  deposits 
consisted  of  boulders  of  Canadian  granite,  and  other  rocks,  which 
be  found  perched  upon  the  summits  of  hills,  sometimes  as  far  as 
five  miles  in  front  of  the  moraine,  though  never  farther.  This 
glacial  "  fringe,"  confined  to  the  western  part  of  tlie  state,  was 
found  to  increase  in  width  from  two  miles  in  Warren  countv, 
to  five  miles  on  the  Ohio  line,  and  was  at  first  a  puzzling  phe- 
nomenon. The  hypothesis  proposed  was  that,  like  breakers  on 
the  seashore,  the  top  of  the  ice  overreached  the  lowest  strata  by 
the  width  of  the  "  fringe,"  and  that  while  the  moraine  marked  the 
lialting  place  of  the  bottom  of  the  ice,  by  which  it  was  formed,  the 
far-transported  boulders  were  carried  on  more  rapitU}'  in  the  top 
strata  of  the  ice,  and  were  dropped  outside  of  the  moraine  to 
form  the  "  fringe."  It  was  stated  that  the  striae  in  the  western 
part  of  the  state  all  pointed  southeast,  being  at  right  angles  to 
those  in  the  eastern  part  of  the  state,  but  like  them,  pointing 
always  towards  the  moraine. 

<  In  conclusion,  the  author  reviewed  the  more  important  facts 
discovered  during  his  exploration  of  the  line  of  the  moraine, 
dwelling  upon  the  character  of  the  moraine  where  crossing  river 
valleys,  the  absence  of  proof  of  any  tongues  of  ice  down  such 
vallej's,  the  absence  of  glacial  drift  south  of  the  moraine,  the  very 
slight  erosion  caused  b}'  the  passage  of  the  glacier,  and  especially 
upon  the  deflections,  large  and  small,  in  the  line  of  the  moraine, 
which  were  inexplicable  on  any  other  hypothesis  than  that  the 
moraine  now  described  was  pushed  out  at  the  foot  of  a  continaous 
ice-sheet  of  immense  extent. 


The  Silicified  Stumps  of  Colorado.    By  Robt.  B.  Warpbb,  of 
North  Bend,  Ohio. 

[ABSTRACT.] 

A  GROVE  of  well  preserved  Sequoia  Stumps  at  Floi-issant,  Colo., 
about  twenty-five  kilometers  W.  N.  W.  of  the  summit  of  Pike's 
Peak,  was  visited  by  the  author  in  September,  1872.  Red  granite 
abounds ;  and  small  outcrops  of  a  trap-like  rock  are  numeroas. 
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A  small  and  elevated  basin  was  filled  with  shales  and  sandstones, 
which  are  still  horizontal.  Some  strata  abound  in  impressions  of 
leaves,  similar  to  the  pine,  oak,  beech,  and  willow.  The  prevail- 
ing appearance  resembles  specimens  from  the  Oeningen  beds  of 
Switzerland,  exhibited  in  the  Museum  of  Comparative  Zoology  at 
Cambridge.     Some  reed-like  plants  and  fish  were  also  found. 

Twin  Creeks  (small  tributaries  of  the  South  Platte  river)  have 
cut  through  this  deposit,  to  the  depth  of  ten  meters  or  more,  expos- 
ing the  stumps. 

The  annual  rings  and  medullary  rays  are  well  marked.  Exposed 
surfaces  arc  bleached  ;  but  many  specimens  are  of  a  rich  chestnut 
brown,  or  black,  with  every  appearance  of  recent  wood.  The 
growths  of  a  single  year  vary  much  in  thickness ;  the  extremes 
noted  were  about  1  mm.,  and  20  or  25  mm.  The  character  of  the 
grain  varies  much  in  different  trees ;  sometimes  it  is  straight, 
sometimes  like  curled  maple,  sometimes  waved  with  beautiful 
regularity.  No  limbs  could  be  distinguished ;  but  there  seemed 
to  be  gnarled  roots,  where  the  fibres  were  much  confused.  In 
some  pieces,  the  fibres  are  bent  nearly  to  a  right  angle,  without 
being  broken  ;  in  others,  the  jagged  edge  looks  like  brittle  wood. 

A  singular  coal-black  mass,  locally  known  as  the  ^^  Carpenter 
Shop,"  seemed  to  be  a  sort  of  breccia  of  portions  from  1  to  10  cm. 
in  length,  all  closely  united,  with  the  fibre  running  in  all  direc- 
tions. A  few  of  the  stumps  are  more  completely  altered,  with  sub- 
vitreoas  lustre,  and  red  or  dull  yellow  color.  One  of  the  least 
altered  specimens  lost  five  per  cent  of  its  weight  on  ignition,  in- 
cluding water  with  a  trace  of  organic  matter.  Chalcedony  and 
drusy  quartz  crystals  also  occur.  The  former,  if  in  botrj'oidal  or 
manimillary  forms,  is  commonl}'  called  ''petrified  gum." 

These  trees,  including  a  specimen  five  or  six  meters  in  diam- 
eter, would  indicate  a  milder  climate  than  the  present,  for  frosts 
are  now  common  as  early  as  September.  The  endogenous  fossil 
wood  found  near  Denver  also  supports  this  conclusion.  Hot 
silicioos  springs  may  once  have  flowed  from  the  volcanic  rock; 
a  process  of  silicification,  now  in  operation  on  the  Yellowstone, 
is  described  in  Hayden's  Report  for  1871 ;  but  in  the  Colorado 
stumps  the  operation  seems  to  have  been  far  slower  and  more 
eomplete. 
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The  Change  of  Relative  Level  of  the  Ocean  and  the  Uplands 
ON  THE  Eastern  Coast  of  North  America.  By  George  H. 
Cook,  of  New  Brunswick,  N.  J. 

[ABSTBACT.] 

At  a  former  meeting  of  this  Association,  in  this  place,  in  1857, 1 
read  a  paper  upon  this  subject.  M3'  object  in  again  bringing  it 
forward  is  to  call  further  attention  to  it — to  the  liind  of  evidence 
upon  which  it  rests,  to  the  effects  of  this  change  and  to  the  means 
of  controlling  its  injurious  consequences. 

1.  Submerged  forests  furnish  the  most  common  and  widespread 
evidence  of  this  change.  William  Bartram  in  his  ^'  Travels  through 
North  and  South  Carolina,  Georgia,  East  and  West  Florida,'*  etc., 
in  1773,  says:  ^^It  seems  evident,  even  to  demonstration,  that 
those  salt  marshes  adjoining  the  coast  of  the  main  and  the  reedy 
and  grassy  islands  and  marshes  in  the  rivers,  which  are  now  over- 
flowed at  every  tide,  were  formerly  high  swamps  of  Arm  land, 
affording  forests  of  cypress,  tupelo,  magnolia  grandiflora,  oak,  ash, 
sweet  bay  and  other  timber  trees,  the  same  as  are  now  growing  on 
the  river  swamps,  whose  surface  is  two  feet  or  more  above  the 
spring  tides  that  flow  at  this  day  ;  and  it  is  plainly  to  be  seen  hy 
every  planter  along  the  coast  of  Carolina,  Georgia  and  Florida  to 
the  Mississippi  when  they  bank  in  these  grassy  tide  marshes  for 
cultivation,  that  they  cannot  sink  their  drains  above  three  or  four 
feet  below  the  surface  before  they  come  to  strata  of  c^'^press  stumps 
and  other  trees  as  close  together  as  they  now  grow  in  the  swamps." 
Lyell,  in  his  second  visit  to  the  United  States  in  1845,  writes  of 
the  coast  of  Georgia  at  the  mouth  of  the  Altamaha:  "As  we  ap- 
proached the  sea  and  the  brackish  water,  the  wood  bordering  the 
river  began  first  to  grow  dwarfish,  and  then,  lowering  suddenly,  to 
give  place  entirely  to  reeds ;  but  still  we  saw  the  buried  stumps 
and  stools  of  the  cypress  and  pine  continuing  to  show  themselves 
in  every  section  of  the  bank,  maintaining  the  upright  position  in 
which  they  originally  grew.  The  occurrence  of  these  in  the  salt 
marshes  clearly  demonstrates  that  trees  once  flourished  where  they 
would  now  be  immediately  killed  by  the  salt  water.  There  must 
have  been  a  change  in  the  relative  level  of  land  and  sea,  to  ac- 
count for  their  growth,  since,  even  above  the  commencement  of  the 
brackish  water,  similar  stumps  are  visible  at  a  lower  level  than  the 
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present  high  tide,  and  covered  by  layers  of  sedimentary  matter, 
on  which  tall  cypresses  and  other  trees  are  now  standing." 

On  the  coast  of  South  Carolina,  Professor  Tuomey,  in  his  Ge- 
ology of  the  State,  1846,  records  similar  facts  regarding  submerged 
forests,  though  he  does  not  think  their  occurrence  indicates  any 
sabsidence  of  the  land.  He  acknowledges  that  Mr.  Lyell  has  ex- 
amined the  coast  of  South  Carolina  and  Georgia,  and  has  come  to 
the  conclusion  that  these  submerged  stumps  ^^  show  a  vertical  de- 
pression of  the  land  to  the  amount  of  at  least  four  feet."  In 
North  Carolina  Dr.  Emmons  records  the  occuryence  of  submerged 
forests,  in  Albemarle  Sound.  In  Virginia,  along  the  shores  of 
Chesapeake  Bay,  timber  is  found  in  the  place  of  its  growth,  but' 
several  feet  below  the  level  of  tide  water,  as  I  am  informed  by  my 
friend,  General  R.  D.  Cutts,  of  the  United  States  Coast  and  Ge- 
odetic Survey. 

The  coast  of  New  Jersey  is  marked  by  the  occurrence  of  timber 
and  stumps  below  the  present  tide  level  in  the  marshes  which  bor- 
der the  State  for  much  of  the  distance  from  the  head  of  Delaware  Bay 
to  Cape  May,  and  from  the  last  named  place  to  the  mouth  of  the 
Hudson.  In  some  of  these  marshes  the  timber  is  of  white  cedar, 
and  has  grown  in  the  swamps  and  soft  earth — notably  so  in  the 
cedar  swamps  of  Dennisville,  Cape  May  County,  and  in  the 
marsh  along  the  Pennsylvania  Railroad  between  Newark  and  Jer- 
sey City.  But  there  are  very  many  places  where  oak,  maple,  gum, 
yellow  pine  and  other  trees  of  upland  growUi  are  found.  They 
are  not  on  the  parts  of  the  marsh  which  are  exposed  to  the  action 
of  the  sea,  but  they  are  still  covered  by  the  marsh  earth,  which 
mast  have  quietly  and  gradually  advanced  and  inclosed  them,  and 
their  stumps  and  roots  are  still  sound  and  firm  in  the  solid  earth 
in  which  they  grew.  Examples  can  be  seen  in  the  meadows  on 
Delaware  Bay,  below  Salem  —  in  many  of  the  ditches  in  the 
marsh  near  the  upland,  which  have  been  cut  by  farmers,  every- 
where—  and  a  very  marked  example  is  to  be  seen  in  the  yellow 
pine  stumps,  in  the  banks  of  the  canal  which  connects  South 
River  at  Washington,  N.  J.,  with  the  Raritan.  (Reports  Geol. 
Surv.  N.  J.,  and  Amer.  Jour.  Sci.,  2d  Ser.,  vol.  24,  p.  341.) 

On  Long  Island,  in  New  York,  submerged  forests  occur  under 
the  same  circumstances  as  in  the  mai*shes  farther  south.  In  The 
Popular  Science  Montldy^  vol.  10,  p.  434,  E.  Lewis,  Jr.,  records  the 
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occurrence  of  timber  and  stumps  in  the  salt  marsfaes  at  Islip,  at  Tiana 
Bay,  Peeonic  Bay,  Montauk  Point,  and  Fort  Hamilton. 

In  Massachusetts,  Professor  Hitchcock,  in  the  Geolog}*^  of  that 
State,  p.  307,  under  the  head  of  '•  Submarine  Forests,"  says  "they 
consist  of  the  remains  of  ancient  forests  now  submerged  a  few 
feet  below  the  sea,   though  sometimes  laid   bare  at  low  water. 

In  the  Harbor  of  Nantucket,  as  I  am  informed  bj 

Lieutenant  Jonathan  Prescott,  portions  of  cedar,  maple,  oak  and 
beech  trees,  some  of  them  in  an  erect  position  and  accompanied 
by  peat  of  an  imperfect  character,  were  found.  All  the  wood  ex- 
cept the  cedar,  which  was  nearly  as  sound  as  ever,  was  very  much 
decayed.  They  were  buried  by  four  feet  of  sand,  and  were  about 
eight  feet  below  low-water  mark. 

"  Another  submarine  forest  exists  at  Holmes's  Hole,  on  Martha's 
Vineyard.  It  is  on  the  west  side  of  the  harbor  and  was  described 
by  the  pilot  as  having  the  appearance  of  a  marsh  at  low  water. 
Stumps  have  been  found  there  in  considerable  quantity;  of  the 
cedar  at  least.  Near  the  southwest  extremity  of  the  Vine3'ard,on 
the  north  sliore,  I  was  informed  that  another  forest  of  a  similar  des- 
cription may  be  seen.  On  the  north  side  of  Cape  Cod,  also,  oppo- 
site Yarmouth,  cedar  stumps  may  be  found  (as  I  was  informed  by 
the  captain  of  the  Falmouth  Packet),  extending  more  than  three 
miles  into  Barnstable  Bay.  And  Henry  Wilder,  of  Lancaster, 
who  first  directed  my  attention  to  this  subject,  says  that  tlie  same 
thing  occurs  in  the  bay  of  Provincetown,  on  the  side  opposite  the 
village.  Further  inquiries  will  no  doubt  bring  to  light  other  in- 
stances of  a  similar  character ;  for  my  opportunities  of  observa- 
tion on  this  subject  have  been  but  few." 

In  the  *'  Geology  of  New  Hampshire,"  by  Professor  C.  T.  Jackson, 
p.  280,  J.  L.  Hayes,  of  Portsmouth,  mentions  that  at  Rye  Beach 
^^  among  the  curious  phenomena  which  may  be  witnessed,  are  the 
remains  of  a  submerged  fbrest.  The  stumps  and  i*oots  of  trees  of 
a  large  size  are  frequently  seen  during  verj'  low  water,  on  the 
lower  margin  of  the  beach.  They  appear  to  have  been  broken  off 
near  the  roots,  which  remain  in  their  original  positions.  The  trees 
were  mostly  white  cedar.  .  .  .  Stumps  of  trees  are  found  in 
most  of  the  salt  marshes  around  Portsmouth." 

In  a  paper  on  the  Geology  of  Portland,  Me.,  by  Professor  Ed- 
ward Hitchcock  and  J.  L.  Hayes  (Boston  Journal  Natural  Histoiyt 
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vol.  1,  p.  838),  similar  circumstances  in  regard  to  submerged  for- 
ests are  mentioned. 

In  the  Acadian  Geology  of  Principal  Dawson,  page  28,  is  des- 
cribed a  submerged  forest  at  the  head  of  the  Bay  of  Fund}^,  near 
Fort  Lawrence.  lie  says:  ''At  the  distance  of  826  paces  from 
the  abrapt  edge  of  the  marsh,  and  about  25  feet  below  the  level  of 
the  highest  tides,  which  here  rise  in  all  about  40  feet,  I  saw  the 
first  of  the  rooted  stumps,  which  appear  in  a  belt  of  sand,  gravel 
and  stones  mixed  with  mud,  which  intervenes  between  the  slope 
of  mud  already  mentioned  and  the  level  of  low  tide.  Beyond  the 
stump  first  seen,  and  extending  to  a  depth  of  at  least  thirty  to 
thirty- five  feet  below  the  level  of  high  tide,  other  stumps  were 
irregularly  scattered  as  in  an  open  wood.  The  lowest  stump  seen 
was  135  paces  beyond  the  first;  and  between  it  and  the  water 
level  there  was  a  space  of  170  paces  without  stumps,  but  with 
scattered  fragments  of  roots  and  trunks,  which  may  have  belonged 
to  rooted  trees  broken  up  and  swept  away  by  the  ice. 

"  On  digging  under  and  around  some  of  the  stumps,  they  were 
found  to  be  rooted  in  a  soil  having  all  the  characters  of  forest  soil. 
In  one  place  it  was  a  reddish,  sandy  loam,  like  the  ordinary  up- 
land of  Fort  Lawrence ;  in  another  place  it  was  a  black  vegetable 
soil  resting  on  a  white  sandy  subsoil.  Immediately  over  the  soil 
were  the  remains  of  a  layer  of  tough  bluish  clay,  with  a  few  vege- 
table fibres,  apparent  ly  rootlets  of  grasses,  which  seemed  to  have 
been  the  first  layer  of  marsh  mud  deposited  over  the  upland  soil. 
All  the  rootlets  of  the  stumps  were  entire  and  covered  with  their 
bark,  and  the  appearances  were  perfectly  conclusive  as  to  their 
being  in  the  place  of  their  growth. 

"  Of  thirty  or  forty  stumps  which  I  examined,  the  greater  num- 
ber were  pine  {Pinus  strohus)^  but  a  few  were  beech  {Fagus  /e?'- 
rugfnea)^  and  it  is  worthy  of  note  that  these  are  trees  characteristic 
rather  of  dry  upland  than  of  lower  swampy  ground.  The  pine 
stumps  were  quite  sound,  though  somewhat  softened  and  discolored 
at  the  surface.  The  beech,  on  the  other  hand,  though  retaining 
much  of  the  appearance  of  sound  wood  in  the  interior,  was  quite 
charred  at  the  surface,  and  was  throughout  so  soft  and  brittle  that 
large  trunks  and  roots  could  be  cut  through  with  a  spade  or  broken 
with  a  slight  blow.  Owing  to  their  softness  the  beech  stumps  were 
worn  down  almost  to  the  level  of  the  mud,  while  some  of  the  pines 
projected  more  than  a  foot ;  even  these  last  were,  however,  much 
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crashed  by  the  presence  of  the  ice,  which,  with  the  tides,  must 
eventually  remove  them.  The  largest  stump  observed  was  a  pine 
two  feet  six  inches  in  diameter  aud  showing  more  than  two  hundred 
annual  rings  of  growth.  I  was  informed  by  respectable  and  in- 
telligent persons  that  similar  appearances  have  been  observed  on 
the  opposite  side  of  the  La  Planche,  and  in  various  other  places 
in  the  Cumberland  Basin.  It  is  onlj-,  however,  in  places  where 
the  marsh  is  being  cut  away  by  the  current  that  they  can  be  seen, 
and  the  stumps,  when  laid  bare,  are  soon  removed  by  the  ice.  Sim- 
ilar beds  of  stumps  and  vegetable  soil  are  also  occasionally 
disclosed  in  digging  ditches  in  the  shallower  parts  of  the  marshes, 
and  there  appears  little  reason  to  doubt  that  the  whole  of  the 
Cumberland  marshes  rest  on  the  old  upland  surfaces." 

The  west  coast  of  Greenland  from  about  latitude  60°  43'  N.  to 
Disco  Bay  near  latitude  69°,  appears  from  various  signs  and 
traditions  to  have  been  subsiding  for  the  last  four  centuries. 
Ancient  buildings  on  low,  rocky  islands,  and  on  the  shore  of  the 
main  land,  have  been  gradually  submerged,  and  experience  has 
taught  the  aboriginal  Greenlander  never  to  build  his  hut  near  the 
water's  edge.  The  Moravian  settlers  have  been  obliged,  more 
than  once,  to  move  inland  the  poles  upon  which  their  large  boats 
were  set,  and  the  old  poles  still  remain  beneath  the  water  as 
silent  witnesses  of  the  change.  (Lyell's  Piinciples  of  Geology.) 
The  evidence  in  this  case,  however,  is  much  more  like  that  to  be 
brought  forward  under  the  second  kind  of  proofs  of  change  of 
level. 

2.  Artificial  structures  and  works  of  men  furnish  other  evidence 
regarding  this  change  of  level.  At  Southampton,  on  Long 
Island,  the  first  settlement  was  made  by  the  English  in  1640,  and 
the  land  was  laid  out  in  farms  and  fields  before  1650.  One  of  the 
fields  near  the  seashore  and  a  little  west  of  the  village  pond 
was  fenced  in  at  that  early  day.  The  fence  posts  must  have  been 
set  in  the  meadow  sod  immediately  behind  the  beach.  All  traces 
of  this  fence  were  lost  sight  of  till  within  a  few  years,  the  sand 
beach  having  beeu  driven  inward  so  as  to  bury  it  entirely.  But 
now  after  long  and  violent  storms,  which  waste  away  the  sand  on 
the  fiat  or  storm  beaches,  the  old  posts  ancl  the  meadows  in  which 
they  were  set  are  washed  clean,  and  they  are  seen  on  the  outside 
of  the  beaches,  and  near  low-water  mark.  The  meadow  sod  is 
still  tough  and  firm,  and  the  tracks  of  cattle  and  horses  show  as 
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plainly  in  it  as  they  did  when  the^^  were  made,  which  was  two 
hundred  or  more  years  ago.  In  that  time  the  sand  beach  was 
moved  inward  its  whole  breadth  or  more,  and  the  surface  of  that 
time  has  gone  down  several  feet.  The  fiat  sands  made  by  stoim- 
tides  are  two  or  three  feet  above  ordinary  high  water,  and  the 
Several  intelligent  gentlemen,  residents  of  Southampton,  whom  I 
met,  and  who  had  seen  them  at  different  times,  judged  that  they 
were  now  covered  with  from  four  to  seven  feet  of  sand.  Should 
another  opportunity  present,  I  am  in  hopes  this  change  of  level 
can  be  ascertained  accurately. 

The  first  settlement  near  Baraegat,  N.  J.,  was  made  as  early  as 
1690 ;  farms  were  cultivated  on  the  fertile  soils  where  they  first 
located.  They  were  only  a  few  feet  above  the  level  of  the  salt 
meadows,  which  bordered  them,  and  which  are  always  at  the  level 
of  ordinary  high  water.  The  first  settlement,  which  really  occupied 
the  best  of  the  soil,  has  long  since  been  abandoned.  The  ground 
is  now  overgrown  with  salt  grass,  and  the  corn  rows  in  which  the 
fields  were  last  cultivated  can  just  be  distinguished.  The  change 
of  level  here  cannot  be  less  than  two  feet,  and  it  may  be  much 
more  than  that. 

On  the  beach  at  the  seaside  about  five  miles  below  Barnegat  inlet, 
there  were  settlements  made  by  whale-fishers  as  early  as  1690,  and 
they  had  houses  built,  and  kept  animals  on  the  beach  and  the  ad- 
joining salt  meadows.  There  was  also  a  timber  swamp  extending 
along  on  the  inside  of  the  beach  for  two  miles  or  more.  The  settle- 
ment was  long  since  abandoned,  the  sand  of  the  beaches  has  been 
moved  inwai*d  several  hundred  yards,  the  timber  in  the  swamp  is 
nearly  all  killed,  and  the  stumps  of  the  trees  are  some  of  them  still 
to  be  seen  standing  in  the  fiat  storm-tide  beach.  On  digging  down 
to  find  whether  they  were  in  their  original  places  of  growth,  I 
found  them  still  in  the  swamp  earth,  with  the  bark  and  fibrous 
roots  attached,  and  that  the  surface  of  the  swamp  earth  was  fully 
three  feet  below  the  level  of  the  sand  which  embedded  them,  and 
as  low  as  if  not  lower  than  ordinary  high  water  —  quite  too  low  for 
cedar  trees  to  grow  now.  Two  or  three  persons  who  have  been 
long  familiar  with  the  beach  assure  me  that,  for  a  long  distance 
there,  there  is  salt  meadow  sod  to  be  seen  projecting  out  on  the 
strand  and  near  low-water  mark,  —  and  on  this  they  have  seen  the 
tracks  of  horses,  cattle  and  sheep  distinctly  marked.  These  are 
only  exposed  after  long  and  violent  storms  which  waste  off  the 
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Band  and  carry  it  out  to  sca.^  And  they  are  again  covered  with 
sand  when  the  waves  ai*e  less  powerful  and  the  roll  of  the  oceau 
brings  back  the  sand  and  piles  it  in  the  flat  and  steeper-sloped 
strand  of  common  tides.  Tracks  would  be  covered  and  preserved 
by  the  wash  of  the  ocean  through  glades  or  low  parts  of  the  beach, 
which  would  carry  forward  the  sand  and  deposit  it  on  the  surface 
of  the  meadow,  and  the  wind  finally  moves  the  whole  body  of  the 
broken  beach  inward.  These  circumstances  certainly  indicate  a 
change  of  level,  and  a  rise  of  the  sea  upon  the  land  within  the  past 
two  hundred  years. 

The  land  on  the  eastern  shore  of  Delaware  bay  was  taken  up, 
and  settlements  begun  as  early  as  1650.  In  the  eai*1y  years  suc- 
ceeding islands  of  bard  and  timbered  ground  in  the  meadows  were 
cleared  and  farm  buildings  erected  on  them,  and  the  farms  were 
cultivated  for  many  years.  Now  these  islands  are  covered  with 
water  in  high  tides  and  only  marsh  grass  is  grown  upon  them. 
This,  too,  indicates  a  vertical  rise  of  the  tide-water  upon  the 
upland,  to  the  extent  of  a  few  feet  within  two  hundred  years  past. 

The  consequences  of  this  change  in  level  are  to  be  seen  every- 
where along  the  seashore,  in  its  rapid  and  continuous  wearing 
away  by  the  action  of  the  waves.  From  Florida  to  Greenland,  as 
has  been  mentioned  in  the  former  part  of  this  paper,  facts  recorded 
show  that  this  is  the  case.  In  some  instances  four  hundred  or  five 
hundred  feet  in  breadth  have  been  worn  from  the  shore  within  the 
last  forty  years.  The  wear  is  so  uniform  and  so  consistent  too, 
with  the  cause,  that  is,  with  the  change  of  level,  that  it  does  not 
seem  necessary  here  to  cite  cases.  Another  ill  effect  of  the 
change  is  that  of  making  the  low-l^ing  uplands  into  tide  meadows 
and  marshes.  This  change  is  gradual,  if  they  are  in  wood;  the 
trees  die  out  slowly  and  no  new  trees  grow  —  and  if  it  is  farm 
land  it  becomes  less  productive  from  imperfect  drainage,  the  soil 
is  soured,  and  finally  its  cultivation  is  unprofitable.  Where  the 
shores  ai*e  bold  these  effects  are  not  taken  note  of  at  all. 

Navigation  is  improved  by  this  change,  the  channels  must 
deepen,  and  the  waterways  be  easier  for  the  passage  of  vessels  — 
and  this  to  some  may  be  a  kind  of  compensation  for  the  damage 
which  is  done  to  others. 

The  rapid  wear  of  the  shores,  and  the  changes  produced  by  it, 

1  Such  a  Btorm  occui*rcd  In  Sept.,  1S82.  nnd  the  tracks  were  foood  on  eolid  and  flm 
sod,  about  three  feet  below  mean  high*  water  mark. 
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have  made  necessary  in  many  cases  the  construction  of  expensive 
works  to  resist  or  divert  the  increased  force  of  the  waves.  Sandy 
Hook  has  grown  longer  and  narrower  gradually  for  the  last  hundred 
years,  and  jetties  have  been  built  oat  on  the  sea  side  of  the  Hook 
to  stop  the  iVearing  away  of  the  land  and  to  afford  a  lodgment 
for  the  sand  that  is  moving  with,  the  current.  The  work  appears  to 
be  successful.  Similar  plans  were  made  for  preventing  the  wear 
about  the  entrance  to  Cliarleston  Harbor  many  years  ago. 
Expensive  works  are  projected  to  prevent  the  wear  of  the  shore  at 
Long  Branch,  and  the  damages  there  are  so  heavy  that  the  protec- 
tion most  soon  come.  The  changes  about  many  of  the  lighthouses 
on  the  low  seashores  are  owing  to  this  cause,  and  the  works  for 
their  preservation  involve  a  heavy  expense  ever}'^  year.  When 
this  change  is  accepted  as  a  settled  truth,  and  engineers  study  its 
consequences  and  effects,  in  the  places  where  they  are  shown,  then 
the  proper  works  for  obviating  them  can  be  best  devised. 

It  becomes  an  interesting  subject  of  inquiry  as  to  the  cause  of 
this  change  of  level.  Facts  have  not  yet  been  accumulated  to  a 
sufficient  extent  to  determine  whether  this  change  is  local  or 
general  thronghoat  the  northern  hemisphere.  At  present  I  am 
led  to  look  upon  it  as  general.  The  noted  case  of  subsidence  in 
southern  Sweden,  which  is  referred  to  in  all  our  text  books  on 
geology,  is  of  the  same  kind  with  those  in  our  own  continent. 

In  Scania,  the  most  southerly  part  of  Sweden,  the  seaport  towns 
bear  evidence  that  the  land  is  there  sinking.  Streets  originally 
built  above  high-water  mark  are  now  below  it,  and  even  old  streets 
are  found  at  a  still  lower  level,  showing  that  the  subsidence  has 
been  in  progress  for  a  considerable  time.  A  stone,  the  position  of 
which  had  been  exactly  fixed  by  Linnaeus,  in  1749,  was  found  in 
1836  to  be  one  hundred  feet  nearer  the  water's  edge  than  it  was 
eighty-seven  3^cars  before." — Jukes,  p.  332.  Lyell,  in  his  "  Prin- 
ciples of  Geology,*'  gives  a  long  list  of  cases  on  the  coasts  of 
England,  Scotland,  France,  Holland,  and  along  the  Baltic,  where 
the  action  of  the  sea  is  the  same  as  on  our  coasts,  and  he  gives 
also  namerous  cases  of  submerged  forests  similar  to  ours  and 
occurring  below  the  present  tide  level. 

Tliere  has  been  considerable  doubt  thrown  upon  the  fact  of  a 
general  subsidence  such  as  is  here  described,  on  account  of  the 
occurrence  of  sea-shells  and  buried  timber,  both  of  kinds  now  living, 
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in  earthy  deposits  which  are  a  few  feet  above  the  present  sea-level. 
Such  cases  do  occur.  I  have  observed  them  in  New  Jersey,  and 
they  are  described  by  others  as  occurring  in  other  places  along  the 
American  sea-coast.  But,  however  recent  they  may  be,  they 
belong  to  a  period  which  preceded  the  present  one  of  depression. 
The  wood  which  is  found  is  none  of  it  so  fresh  as  to  be  fit  for  timber 
or  lumber  as  that  of  the  present  depression  is,  and  the  occurrence 
of  the  shells  is  more  in  alluvial  sand  or  mud  beds  than  any  that 
is  forming  now,  and  the  shells  themselves,  though  of  the  species 
still  living  in  the  adjacent  waters,  appear  a  little  different  from  the 
recent  ones.  The  present  depression  may  not  have  been  going  on 
more  than  500  or  1000  years,  and  the  indications  are  that  there  has 
been  another  period  of  depression  in  which  the  surface  of  the  u^)- 
land  was  ten  feet  or  more  nearer  the  sea-level  than  it  now  is.  A  sin- 
gle instance  will  illustrate  this  statement.  The  Maurice  River  is  a 
tidal  stream  which  empties  into  Delaware  Bay.  About  fifteen  miles 
above  its  mouth  the  river  has  cut  into  its  eastern  bank  so  as  to 
expose  an  ancient  oyster-bed,  with  its  mass  of  undisturbed  shells, 
still  in  pairs  and  all  in  their  natural  position.  This  bed  is  fullj 
eight  feet  above  ordinary  high-water  mark,  and  yet  there  is  every 
indication  that  it  has  never  undergone  any  disturbance  except  in 
the  gradual  elevation  which  brought  it  above  the  tide  level,  and  is 
now  lowering  it  again  to  its  original  place  beneath  the  waters. 

A  careful  study  of  the  numerous  cases  like  this  will  satisfactorily 
prove  that  there  have  been  other  periods  of  alternate  depression 
and  elevation  in  comparatively  recent  times,  the  phenomena  of 
which  are  so  nearly  alike  that  they  are  very  commonly  confounded 
with  each  other.  And  when  they  are  clearly  distinguished,  it  will 
probably  be  found  that  the  rise  or  the  depression  is  one  common  to 
our  whole  coast  and  probably  to  the  whole  northern  hemisphere. 
An  accumulation  of  ice  in  the  northern  polar  regions  would  be 
sufficient  to  move  the  centre  of  gravity  of  the  earth  in  that 
direction,  and  thus  to  cause  an  increased  amount  of  water  in  that 
hemisphere,  and  of  course  disturbance  of  the  relative  level  of  the 
ocean  and  uplands,  and  the  apparent  subsidence  of  the  land. 
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On  the  Classification  and  Origin  of  Joint  Structures.    By  W. 
O.  Crosby,  of  Boston,  Mass. 

[ABSTRACT.] 

This  paper  is,  in  a  large  measure,  an  outgrowth  of  the  articles 
by  Mr.  Gilbert  and  Prof.  LeConte  in  the  American  Journal  of 
Science  for  January,  March  and  July,  of  the  current  year.  I  fully 
agree  with  Mr.  Gilbert,  that  parallel  jointing  must  be  quite  dis- 
tinct in  its  origin,  as  it  usually  is  in  its  characteristics,  from  both 
fihrinkage  cracks  and  slat}'  cleavage.  Nevertheless,  I  cannot  fol- 
low him  in  so  restricting  the  definition  of  joint  structure  as  to 
exclude  shrinkage  cracks,  chiefly  because  such  a  classification 
appears  impracticable.  A  very  large  proportion  of  the  planes  of 
division  in  both  stratified  and  eruptive  rocks  are  due  to  shrinkage, 
as  is  cleai'ly  recognized  by  all  in  the  columnar  jointing  of  basalt, 
and  it  is  often  impossible  to  distinguish  the  shrinkage  cracks  from 
Uiose  produced  by  other  causes.  Hence,  if  Mr.  Gilbert's  classifi- 
cation were  adopted,  it  would  be  necessary  to  coin  a  new  term  to 
be  Qsed,  in  the  very  numerous  cases  where  the  origin  of  the  planes 
of  division  can  be  determined.  It  seems  better,  therefore,  to 
class  shrinkage  cracks  as  joints,  and  then  to  distinguish,  where  we 
can,  between  joints  having  unlike  origins. 

Broadening  the  definition  of  Joint  structure  in  the  way  here 
proposed,  we  are  obliged  to  recognize  at  least  three  distinct  classes 
of  joints.  These  are,  first,  the  short,  non-parallel  and  non-inter- 
secting joints  dividing  the  rocks  into  irregular  polygonal  blocks 
and  having  their  origin,  as  all  geologists  agree,  in  the  contraction 
of  the  rocks,  and  hence  properly  called  contraction  or  shrinkage 
Joints ;  second,  the  joints  near,  and  parallel  with,  the  surface  in 
granitic  rocks,  which  have  been  satisfactorily  explained  by  Prof. 
Shaler,  as  due  to  the  expansion  of  the  surface  under  the  influence 
of  the  sun's  heat,  and  which  may,  therefore,  be  appropriately 
named  expansion  joints.  The  third  and  most  important  class  em- 
braces the  straight,  parallel  and  intersecting  joints.  These  have 
been  attributed  to  shrinkage,  compression,  magnetism  and  an  un- 
explained shearing  force.  The  writer  concurs  with  Mr.  Gilbert  in 
rejecting  all  these  hypotheses,  and  advances  the  idea  that  earth- 
quakes are  the  principal  cause  of  parallel  jointing. 
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An  earthquake  is  a  scries  of  spherical  elastic  waves,  the  normal 
velocit}''  of  which,  in  solid  cr3'stallinc  rocks,  as  shown  by  the  pro- 
gress of  slight  tremors  and  sound,  is  10,000  to  12,000  feet  per 
second.  But  it  has  also  been  demonstrated  by  observation  that 
the  actual  average  velocity  of  important  shocks  is  only  about  one- 
eighth  as  great,  or,  1,200  to  1,600  feet  per  second.  The  generally 
accepted  explanation  of  this  enormous  difference  is  that  the  high 
waves  of  the  severe  shock  break  the  rocks,  which  are  at  best  but 
imperfectly  elastic,  at  ever}'  step,  and  are  greatly  retarded  in  conse- 
quence, while  the  low  waves,  passing  successfully  without  rupture, 
run  with  the  normal  velocity  of  the  medium.  All  parts  of  the 
earth's  crust  are  affected  by  earthquakes,  and  since  all  important 
vibrations  break  the  rocks  which  they  traverse,  the  conclusion  fol- 
lows irresistibly  that  all  geological  formations  (except,  perhaps, 
the  most  recent,  which  are  precisely  those  freest  from  joint  struc- 
ture) must  be  much  broken  by  this  agency.  The  question  arises, 
then,  where  arc  these  earthquake  fractures?  For  obvious  reasons, 
they  cannot  be  regarded  as  cleavage  planes  ;  and  the  only  alterna- 
tive is  to  call  them  joints.  Joints  possess  the  required  character 
of  universality  ;  but  the  earthquake  fractures  are  clearly  not  con- 
traction or  expansion  joints;  and  so  we  are  driven  to  the  concla- 
sion  that  earthquakes  are  a  principal  cause  of  ordinary  or  parallel 
joints. 

Earthquake  fractures  are  necessarily  parallel  to  the  wave  surface, 
or  normal  to  the  line  of  propagation.  Therefore,  they  mast  be 
parallel  to  each  other  and  usually  appproximately  vertical ;  agree- 
ing exactly  in  these  respects  with  parallel  joints.  Earthquake 
foci  are  usually  situated  along  certain  definite  lines  in  the  earth's 
crust,  either  lines  of  volcanic  activity  or  of  upheaval,  plication 
and  faulting.  Hence  it  is  reasonable  to  expect  considerable  con- 
stancy in  the  directions  of  earthquake  mo\nements  and  of  earth- 
quake fractures  in  limited  districts,  thus  affording  another  close 
agreement  with  parallel  jointing.  Fractures  produced  by  earth- 
quakes moving  in  different  directions  must  cross  each  other 
without  interference,  precisely  as  do  the  joints  in  different  sets. 
Apparently',  there  is  no  important  characteristic  of  parallel  joint- 
ing which  is  not  satisfactorily  explained  by  a  reference  to  earth- 
quakes as  a  cause. 

Elevation  and  plication  must  also  be  accompanied  by  fractures 
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now  and  then ;  and  tbese,  it  is  easy  to  see,  will  be  parallel,  and 
will  intersect  without  interference,  when  the  strains  are  varied  in 
direction.  But  earthquakes  account  for  joints  in  rocks  of  all 
classes  and  conditions,  in  the  unconsolidated  and  undisturbed 
Post- tertiary  clays  as  well  as  in  the  ancient,  crystalline  and  con- 
torted gneisses,  while  the  normal  accompaniment  of  compression 
and  plication  is  cleavage,  and  not  jointing ;  although  neither 
structure  can  be  developed  by  these  agencies  without  disturbing 
the  stratification.  Earthquakes  are  contrasted  with  all  the  other 
agencies  referred  to  by  their  almost  instantaneous  action ;  and 
this  peculiarity  enables  us  to  explain  the  remarkably  regular  joint- 
ing of  some  very  coarse  and  irregular  conglomerates ;  for  these 
rocks  break  very  iiTegularly,  unless  the  force  is  applied  with  great 
suddenness. 

I  have  elsewhere*  pointed  out  that  the  irregular  and  ragged  out- 
lines  usually  exhibited  by  masses  of  coarsely  crystalline  eruptive 
rocks  require  us  to  believe  that  the  joint  structure  does  not  extend 
to  great  depths,  but  is  essentially  a  superficial  feature  of  the  earth's 
cnist.  And  I  have  also  shown  that  this  view  is  perfectly  consistent 
with  the  hypothesis  that  shrinkage  is  the  chief  cause  of  jointing. 

My  purpose  now  is  to  prove  that  the  argument  for  the  superfi- 
cial nature  of  joint  structure  is  strengthened,  rather  than  weakened, 
when  we  substitute  earthquakes  for  shrinkage  as  the  principal 
cause  of  jointing.  It  is  a  well  established  fact  that  earthquake- 
foci  are,  in  the  main,  comparatively  superficial,  and  also  that  the 
rocks  composing  the  earth's  crust  are  much  less  solid  and  coherent, 
that  is,  much  less  elastic,  near  the  surface  than  at  great  depths. 
But  the  number  and  extent  of  the  fractures  produced  by  an  earth- 
quake are  inversely  proportional  to  the  elasticity  of  the  rocks 
which  it  traverses  ;  and  just  as  certainly  as  the  elasticity  increases 
downward,  the  fractures  (joints)  must  increase  upward. 

Hence,  in  conclusion,  we  may  safely  say  that  every  theory  of  the 
origin  of  joint  structure  now  entertained  by  geologists  (and  in  a 
certain  sense  tUey  are  all  true,  some  explaining  one  kind  of  joint- 
ing and  some  another)  is  consistent  with  the  view  that  jointing  is 
a  superficial  structure,  the  deep-seated  rocks  being  essentially 
QDjointed. 

'Geological  Magaaine  for  Sept.,  1881. 
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The  Undulations  of  the  Rock-masses  across  Central  New 
York  State.    By  Henht  S.  Williams,  of  Ithaca,  N.  Y. 

[ABSTRACT.] 

Examination  of  the  dip  of  the  rocks  exposed  in  the  counties  of 
Chemung,  Tioga,  Tompkins,  Schuyler,  Seneca,  Cayuga  and 
Ontario  has  revealed  a  series  of  nearly  parallel  folds  trending 
about  twenty  to  thirty  degrees  north  of  east,  decreasing  in  strengtli 
from  the  Pennsylvania  line  toward  the  northwest. 

A  north  and  south  line  from  Ithaca,  N.  Y.,  to  Ulster,  Fa., 
shows  the  following  folds : 

About  five  miles  south  of  Cayuga  lake  is  the  axis  of  a  syncline, 
quickly  rising  into  an  anticline  which  crosses  the  Lehigh  vallej 
railroad  Just  south  of  Newfield  Station. 

A  second  syncline  crosses  the  same  road  between  West  Danby 
and  Spencer  stations,  and  the  U.  I.  and  £.  R.  R.  between 
Swartwood  and  Van  Ettenville.  This  seems  to  be  the  continuation 
of  the  Cowanesque  83'ncline  of  the  Pennsylvania  surveys  which  is 
seen  farther  east,  at  Marathon  in  Cortland  county,  N.  Y. 

Near  Van  Ettenville  there  are  evidences  of  a  slight  syncline  in 
the  top  of  the  main  anticline.  The  third  syncline  crosses  the 
Lehigh  valley  road  between  Bingham's  and  East  Waverly.  The 
southern  slope  of  this  syncline,  with  northwesterly  dip,  appears  at 
Chemung,  Chemung  Narrows,  Waverly  and  the  northern  suburbs 
of  Owego, 

This  is  doubtless  the  continuation  of  Sherwood's  Crooked  creek 
syncline  of  the  Pennsylvania  survey. 

From  Ithaca  going  northward,  the  first  sj'ncline  crosses  Cayuga 
lake  near  Ludlowville,  and  Seneca  lake  at  North  Hector. 

Slight  folds  are  seen  along  both  Seneca  and  Cayuga  lakes  farther 
north,  but  too  slight  to  determine  their  axes  with  precision.  The 
most  northern  anticline  detected  is  near  the  foot  of  Canandaigua 
lake  on  the  west  side. 

North  of  the  Pennsylvania  line  the  greatest  dip  is  rarely  more 
than  three  degrees. 

The  dips  to  the  northwest  are  shorter  and  steeper  than  those  in 
the  opposite  direction. 

The  folds  are  about  twelve  miles  apart. 
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Occurrence  of  Magnetic  ore  deposits  in  Victoria  County, 
Ontario,    By  W,  Hamilton  Mbrritt,  of  Toronto,  Canada. 

[ABSTRACT.] 

In  going  north  from  Lindsay,  the  primary  rocks  are  met  with, 
between  Fetty's  Bridge  and  Einmount. 

They  here  consist  of  granite,  gneiss,  syenite  and  crystalline 
limestone,  with  occasional  bands  of  dioritic  rocks ;  the  latter  are 
not  so  strongly  developed  here  as  farther  east  in  the  Madoc 
region. 

There  is  a  small  amount  of  Labradorite  rock  or  norite,  which, 
however,  has  been  observed  at  only  one  place. 

Some  thirteen  deposits  of  magnetic  ore  have  been  located  in 
this  Victoria  region,  the  most  important  of  which  were  visited  by 
me  last  year ;  there  are  numerous  other  untested  occuiTences.  The 
ore  bodies  occur,  as  is  usual  with  magnetic  iron  ore  deposits,  in  beds 
more  or  less  lenticular  and  of  size  varying  from  mere  patches  tc 
beds  of  from  40  to  50  ft.  in  width,  and  unproved  length  and  depth, 
enclosed  in  and  running  with  the  country  rock. 

It  is  difficult  in  some  cases  to  discover  defined  walls,  as  a  layer 
of  rock  often  comes  in  between  two  deposits  of  ore,  or  between 
the  main  body  and  a  smaller  one ;  and  again  in  other  cases  there 
is  a  complete  gradation  from  the  one  to  the  other.  Crystalline 
limestone  almost  invariably  in  this  district  is  associated  with  the 
magnetic  ore  deposits,  which  either  occur  in  it  or  near  its  junction, 
with  granitic  or  hornblendic  rocks.  Therefore  in  searching  for  iron 
ores  in  this  region,  it  is  well  to  keep  in  the  vicinity  of  the  bands 
of  crystalline  limestone.  The  ore  body  at  the  Paxton  mine,  though 
occuiTing  in  a  syenitic  gneiss,  is  associated  with  a  thin  band  of 
crystalline  limestone. 

Hornblende  is  very  intimately  connected  with  the  magnetic  ore, 
and,  especially  at  the  above  mentioned  Paxton  mine,  one  gives 
way  to  the  other  sometimes  insensibly  and  again  very  abruptly 
throQghoat  the  extent  of  the  workings. 

Besides  calcite  and  hornblende,  other  minerals  such  as  augite, 
felspar,  mica,  iron  pyrites,  quartz  and  also  specimens  of  olivine 
and  serpentine  were  found  occurring  with  the  ores. 

The  magnetic  ores  of  this  district  contain  as  a  rule  merely 
traces  of  phosphorus,  but  most  of  them  require  calcining  to  drive 
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off  the  sulphur,  though  some,  such  as  tho  Faxton  ore,  are  almost 
entirely  free  from  pyrites.  Titanium  is  as  a  rule  not  present  in  a 
greater  quantity  than  mere  traces,  though  some  deposits  such  as 
at  Pine  Lake  carry  a  notable  quantity.  The  metallic  iron  in  tJie 
ore  as  it  comes  from  the  mine  averages  between  48  and  49  percent 
and  the  selected  has  about  60  per  cent  iron. 

The  beds  here,  as  in  other  well  known  localities,  occur  in  de- 
fined belts,  as  for  example  a  belt  can  be  followed  from  lot  20  in 
the  first  concession  of  Snowdon  to  lot  30  in  the  fifth  concession 
and  probably  farther. 

The  magnetic  ore  deposits  of  the  Victoria  region  considered 
apart  from  any  others^  from  their  strike  and  dip  with  the  rocks  of 
the  country,  their  similar  crystalline  character,  their  frequent  in- 
sensible gradation  of  rock  to  the  ore,  and  vice  versa ^  and  the  sim- 
ilarit}'  of  their  intercalated  minerals,  it  would  appear  inevitable  that 
they  had  been  deposited  with  the  rocks  that  contained  them  ;  either, 
according  to  Dr.  T.  Sterry  Hunt,  while  during  the  eozoic  times 
chemical  activities,  dependent  upon  greater  subterranean  temper- 
ature, different  atmospheric  conditions  and  abundance  of  thermal 
waters  were  at  work,  and  therefore  we  might  suppose  local  deposits 
of  a  varied  character  were  going  on ;  or,  the  neptunean  view  as 
ordinarily  expounded,  with  its  subsequent  metamorphosis. 

In  the  Geological  Surve^'^  Report  for  Canada  for  1873-74,  Dr. 
Harrington  shows  how  by  heat  the  conversion  of  a  bog  ore  was 
effected  to  a  magnetite,  having  all  the  characteristics  indicated  by 
the  name.  As  deposits  of  the  lake  bog  ore  are  taking  place  at 
this  present  day  in  a  manner  which  would  seem  to  answer  all  re- 
quirements (with  subsequent  metamorphosis)  for  the  formation  of 
these  magnetic  ore  beds,  it  seems  natural  that  this  theory  finds 
many  supporters. 

The  first  developed  deposit  in  this  region,  known  as  the  Victoria 
or  Old  Snowdon  mine,  occurs  in  a  wide  band  of  crystalline  lime- 
stone to  the  east  of  Kinmount.  This  ore  bed  is  perhaps  the  most 
interesting  in  Victoria  County,  owing  to  its  apparent  strike,  where 
opened,  at  an  angle  of  nearly  45*^  to  the  general  strike  of  the  rocks 
of  the  country.  It  would  seem,  therefore,  in  contrast  to  all  other 
deposits  disc*overed  in  this  region,  to  have  been  subsequently  de- 
posited in  a  fissure.  The  irregularity  in  the  strike  of  this  deposit 
may,  however,  when  the  country  can  be  more  thoroughly  examined, 
be  found  to  have  been  caused  by  a  fault  running  the  length  of  the 
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valley,  at  the  edge  of  which  the  deposit  in  question  is  being 
worked,  for  there  is  evidence  of  much  disturbance  where  the  rocks 
have  been  exposed. 

The  Victoria  Railroad  runs  through  this  district  and  as  large 
quantities  of  timber  suitable  for  the  manufacture  of  charcoal  are 
in  the  vicinity,  there  is  not  a  more  favorably  situated  locality 
for  charcoal  iron  smelting  in  America,  and  there  will  undoubtedly 
be  important  developments  in  this  direction. 


Comparative  View  of  the  successive  Palaeozoic  Floras  of 
Canada.     By  J.  W.  Dawson,  of  Montreal,  Canada. 

[ABSTRACT.] 

In  Canada,  we  possess  a  very  complete  series  of  fossil  plants 
extending  from  the  Upper  Silurian  age  to  the  Permian,  and  the 
object  of  the  paper  is  to  sketch  out  the  characteristics  of  the  sev- 
eral floras  and  sub-floras  which  have  been  studied.. 

« 

I.  Carboniferous  Flora. 

This  presents  three  sub-floras  in  descending  order:  (1)  Tliat 
of  the  Permo-Carboniferous  or  Lower  Permian,  more  especially 
seen  in  eastern  Nova  Scotia.  It  contains  several  common  Car- 
boniferous species,  as  Dadoxylon  materiarium,  Pecopteris  arbo- 
rescens  and  Calamites  suckovii,  associated  with  species  peculiar  to 
itself,  as  Walchia  robusta,  W,  gracilis,  Calamites  gigas  and  Cor- 
daites  simplex,  (2)  That  of  the  Coal  Formation,  which  is  the 
gi-eat  headquarters  of  the  Carboniferous  flora,  and  is  especially'  rich 
in  Sigillai'ia  and  its  allies,  and  in  ferns.  One  hundred  and  thirty- 
five  species  of  plants  have  been  catalogued  from  this  formation. 
There  are  nineteen  species  of  Sigillana,  about  the  same  number 
of  Lepidodendron  and  allied  genera,  fifty  ferns  and  thirteen  cala^ 
miles  and  allied  forms.  (3)  The  Millstone  Grit  sub-flora.  Here 
we  have  a  limited  number  of  species,  precursors  of  those  of  the  coal 
measures,  and  described  in  a  special  report  of  the  author  published 
by  the  Geological  Survey  of  Canada.  Dadoxylon  Acadiamim 
is  a  very  characters  tic  conifer  of  this  period.  (4)  The  Lower 
Carboniferous  sub-flora.  The  number  of  species  here  is  small 
and  many  of  them  peculiar,  this  formation  being  separated  by 
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the  marine  limestones  from  the  Millstone  Grit,  and  on  the  other 
hand  being  unconformable  to  the  Erian  or  Devonian  below.  Da- 
doxylon  antiquius  is  a  characteristic  pine  of  the  period,  and  Lepi- 
dodendron  corrugcUum  and  Aneimites  Acadica  are  very  common. 

II.  Erian  Flora. 

Here  we  have  three  sub-floras,  all  markedly  distinct  from  those 
of  the  Carboniferous.  (1)  The  C7p/)er -Enan  sub-flora  is  charac- 
terized more  especially  by  ferns  of  the  genera  Archceopteris  and 
Cy  dopier  is.  A,  Jacksoni^  A,  gaspiensis  and  C.  obtusa  are  very  abun- 
dant forms.  The  flora  is  similar  to  that  of  the  Catskill  of  New  York 
and  the  Kiltorcan  beds  in  Ireland.  (2)  The  Middle  Erian  sub- 
flora,  corresponding  to  that  of  the  Hamilton  and  Chemung  groups 
in  New  York,  is  very  rich  in  species.  It  contains  several  coniferous 
trees  of  the  genus  Dadoxylon  and  a  great  number  of  beautiful  and 
delicate  fern  fronds,  including  sphenopterids  and  HymenophyllUes^ 
as  well  as  such  ferns  as  Megalopteris^  Cyclopteria  and  Archceopteris, 
Lejyidodendron  Gaspianum  is  very  characteristic,  and  there  are 
species  of  Psilophyton,  Sigillaria  scarcely  appears,  but  there  is  an 
abundance  of  Cordaitea  (C.  Rohhii),  The  remarkable  aquatic 
plants  of  the  genus  Ptilophyton  occur  here,  and  there  are  beds 
filled  with  Macrospores  or  '*  Sporangites**  (3)  The  Lower  Erian 
sub-flora,  which  is  s[>ecially  characterized  by  the  genera  Proio- 
taxites,  Arthrostigma  and  Psilophyton,  These  plants  are  often 
very  abundant,  but  belong  to  few  species. 

III.   The  Upper  Silurian  Flora, 

This  is  limited  in  Canada  to  Prototaxites^  Psilophyton  and  the 
rounded  fruits  of  the  genus  ^theotesta^  equivalent  to  PachytJieca 
of  Hooker.  These  occur  in  rocks  attributed  to  the  Lower  Helcier- 
berg  group,  and  no  undoubted  land  plant  has  been  found  in  any 
older  formation. 

The  above  mentioned  sub-floras  can  be  readily  recognized  by  a 
competent  palaeobotanist ;  and,  as  the  author  has  shown  in  reports 
published  by  the  Geological  Survey  of  Canada,^  can  be  con*elated 
with  those  of  the  United  States  and  Europe  ;  but  any  more  minute 
subdivisions  are  of  merely  local  value. 

>  Report  on  Ertan  or  Devonian  and  Upper  Silnrian  Plants  of  Canada,  1871.  Beporton 
Plants  of  the  Lower  Carboniferous  and  Millstone  Grit,  187S.  Sepoii  on  Erian  or 
Devonian  Plants  of  Canada,  Part  II,  1882. 
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On  the  Origin  of  Joint  Cracks.    By  H.  F.  Wallino,  of  Wash- 
ington, D.  C. 

[ABSTRACT.] 

Mr.  G.  K.  Gilbert,  of  the  U.  S.  Geological  Survey,*  has 
observed  in  recent  and  nearly  undisturbed  clay  beds  of  the  former 
"  Lake  Bonneville"  in  Utah,  a  jointed  structure  in  two  directions 
nearly  at  right  angles  with  each  other.  In  this  case,  as'  he  re- 
marks, it  is  difficult  to  conceive  that  powerful  compressive  forces 
have  been  exerted  in  directions  normal  to  those  of  the  joint  planes, 
thereby  producing  the  jointed  structure  in  a  manner  similar  to 
that  by  which  slaty  cleavage  is  supposed  to  have  been  caused. 

Nor  does  Mr.  Gilbert  accept  the  explanation  offered  by  Presi- 
dent Le  Conte,^  who,  having  observed  shrinkage  cracks  in  some 
recent  alluvial  deposits  of  California,  attributes  jointed  structure 
to  a  similar  process  of  contraction.  Shrinkage  of  strata  held  by 
adhesion  to  their  supporting  beds,  produces  a  prismatic  structure 
in  which  the  planes  of  separation  are  seldom  continuous  beyond 
the  individual  prisms.  In  jointed  structure,  on  the  contrary,  the 
planes  of  separation  are  continuous,  those  of  different  systems  in- 
tei'secting  each  other  but  exhibiting  no  mutual  relations.  Re- 
garding the  reference  to  magnetic  or  to  shearing  forces  for  the 
production  of  jointed  structure  as  unworthy  of  consideration, 
Mr.  Gilbert  considers  the  problem  an  open  one. 

It  is  clear  that  the  force  which  has  produced  parallel  joint 
cracks  must  have  a  definite  direction  over  the  wide  areas  where 
the  parallelism  prevails.  It  seems  probable,  moreover,  that  it  must 
have  acted  with  a  suddenness,  differing  from  the  steady,  long  con- 
tinued strains  which  slowly  bend  the  strata  into  curved  folds. 
Such  a  force  is  supposed  by  the  writer  to  come  into  action  when 
safficiently  powerful  earthquake  waves  attend  the  production  of 
faults. 

Assuming  that  the  materials  of  which  the  earth's  interior  are 
composed  are  in  a  sufficiently  plastic  condition,  at  least  near  the 
surface,  to  maintain  a  general  equilibrium  of  pressures,  it  is  evi- 
dent that  when  this  equilibrium  is  disturbed  by  the  transfer  of 

s  Am.  Jonr.  Sci.,  Vol.  XXIII,  Jtme,  1882,  and  Vol.  XZIV,  July,  188i« 
•Am.  Jour.  Sci.,  Vol.  XXIII,  March,  188S. 
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materials  from  continents  to  ocean  floors,  the  inequalities  of  pres- 
sure will  tend  to  move  the  more  plastic  substratum  which  sup- 
ports the  overloaded  ocean  beds  to  positions  under  the  lightened 
continents.  The  sinking  of  ocean  beds  and  rising  of  continents 
will  bend  and  sometimes  fracture  the  more  rigid  crust  above. 
Fractures  or  faults  produced  in  this  way  will  be  longitudinal  or  in 
the  general  direction  of  the  axis  of  denudation,  and  since  the 
corrugation  or  folding  of  strata  is  normal  to  the  subterranean 
return  flow  of  plastic  material  which  produces  it,^  b}'  gradually 
diminishing  the  width  of  the  belts  supporting  the  upper  strata,  the 
axes  of  denudation  and  corrugation  will  be  in  the  same  general 
direction. 

The  sudden  sinking,  at  the  time  of  fracture,  on  one  side  of  the 
fault  and  rising  on  the  other,  originates  an  earthquake,  which  is  a 
wave  movement  outward  from  the  point,  or  in  this  case  line,  of 
disturbance.  On  and  near  the  surface  the  wave  movement  be- 
comes not  only  a  succession  of  rarefactions  and  condensations, 
but  a  progressive,  up  and  down  movement  like  that  of  ocean 
waves.  The  actual  amount  of  bending  in  cases  of  exceptionallj 
powerful  earthquakes  has  sometimes  been  so  great  as  to  cause  the 
ground  to  visibly  open  and  shut  in  fissures,  sometimes  even  en- 
gulfing and  closing  in  upon  men  and  animals. 

Here  then  we  have  a  sudden  wave  force,  competent  to  rupture 
brittle  and  inextensible  materials  like  rocky  strata  and  clay  beds 
in  lines  or  planes  parallel  to  its  origin.  Moreover,  the  sinking  on 
one  side  and  the  elevation  on  the  other  would  be  likely,  while  the 
originating  cause  continues  in  action,  to  augment  from  time,  es- 
pecially in  the  portions  of  the  fault  midway  between  its  ends. 
This  would  give  rise  to  lateral  or  transverse  bendings  and  fractures 
with  accompanying  transverse  waves.  In  this  way  two  sets  of 
joint  cracks  nearly  at  right  angles  to  each  other  might  occur. 

sSee  Proceedings  Am.  Abboc.  for  the  Adv.  of  Science,  St.  Louis  meeting,  1878,  P> 
170. 
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On  the  Association  of  Crystals  of  Quartz  and  Calcite  in 
PARALLEL  POSITION.  By  R.  B.  Harb,  of  Guelpli,  Ontario, 
Canada.  , 

[ABSTRACT.] 

The  association  of  crj-stals  of  qaartz  and  calcite  in  parallel 
position  will  be  illustrated  by  specimens  taken  from  the  Grube 
*'  Reieher  Trost,"  Reichenstein,  Silesia,  Germany.  The  specimens 
show  the  almost  perfect  similarity  of  the  Reichensteiner  and 
Schneeberger  occurrence  and  defend  Eck  of  Berlin,  against  von 
Rath  and  Frenzel. 
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The  eozoic  rocks  of  central  and  southern  Europe.  By 
T.  Sterry  Hunt  of  Montreal,  Canada. 

The  serpentines  of  Italy.  By  T.  Sterry  Hunt  of  Montreal, 
Canada. 

Note  upon  the  genus  Plumalites.  By  James  Hall  of  Albany, 
N.  Y. 

On  the  relations  op  Dicttophtton,  Phragmodicttum  and  sim- 
ilar forms  with  Uphantaenia.  By  James  Hall  of  Albanj-, 
N.  Y. 

The  felstte-tufa  of  Colorado.  By  Alexis  A.  Julieu  of  New 
York,  N.  Y. 

The  duntte  beds  of  North  Carolina.^  By  Alexis  A.  Julien 
of  New  York,  N.  Y, 

Tde  genesis  of  the  crystalline  iron  ores  of  North  Caro- 
lina and  noethi<:rn  Michigan.^  By  Alexis  A.  Julien  of 
New  York,  N.  Y. 

>  Published  In  Aill  In  tho  Prococdings  of  the  Boston  Society  of  Natural  History,  1883. 
*  PubliBbed  In  the  Proceedings  of  the  Philadelphia  Academy  of  Natural  ScienooBt 
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North  Carolina  and  Canada.    By  Alexis  A.  Julien  of  New 
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Members  of  the  Section  of  Bioloot: — 

In  compliance  with  the  custom  of  the  Association,  your  chair- 
man might  have  made  use  of  this  occasion  to  review  the  progress 
for  the  past  year  in  that  department  of  Biology  which  is  his  pre- 
ferred field  of  reseai*ch.  Such  a  review  would  have  had  interest 
chiefly  for  specialists  in  Malacolog3%  now,  alas !  only  too  few  in 
number,  and  it  has  occurred  to  me  that  the  opportunity  might  be 
better  utilized  in  another  way.  I  propose,  therefore,  to  take  a 
brief  general  review  of  what  has  been  accomplished  in  America 
toward  a  knowledge  of  the  biology  of  its  mollusks ;  and,  in  so 
doing,  to  point  out  certain  directions  in  which  the  earnest  stu- 
dent may  find  a  field  ripe  for  the  haiTCst,  and  where  at  present 
laborers  are  either  wanting  altogether  or  unfortunately  few  in 
number.  In  this  way,  perhaps  I  may  be  able  to  gain  some  recruits 
for  this  regiment  of  the  scientific  army,  from  among  those  young 
and  aitient  students  who  have  their  work,  for  the  most  part,  still 
to  do,  and  who  have  not  yet  made  a  choice  among  the  many  peace- 
ful and  attractive  paths  which  Nature  opens  to  those  who  would 
know  ber  and  her  ways. 

The  study  of  mollusks  was  at  first  aesthetic  rather  than  scien- 
tific, and  to  this  day  its  popularity  is  chiefly  fostered  by  the  satis- 
faction of  the  sense  of  beauty  derived  from  a  contemplation  of 
the  exquisite  shells  produced  by  some  of  the  members  of  this 
branch  of  the  animal  kingdom. 
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An  almost  purely  artificial  classification  for  shell-bearing  moU 
lusks  was  invented  by  the  father  of  Natural  History,  Liunseas, 
which  could  be  mastered  by  the  least  scientific  mind  in  a  few  easy 
lessons.  So  convenient  did  this  prove  for  collectors  and  others 
who  wished  merely  to  index  as  easily  as  possible  their  cabinets  of 
shells,  polished  and  duly  marshalled  in  pairs,  that,  when  Cuvier 
and  the  immortal  Lamarck  reformed  the  classification  and  for  the 
first  time  created  a  science  of  Malacology,  opposition  was  decided 
and  long  continued.  The  early  students,  seeking  to  know  the  rela- 
tions of  animals  which  were  huddled  in  a  few  heterogeneous  gen- 
era by  Linn6,  were  the  subject  of  no  little  opprobrium  from  the 
conchologists  of  that  day,  and  were  very  generally  looked  upon 
as  dangerous  radicals  and  unsafe  guides.  The  intercourse  be- 
tween the  students  of  various  countries  was  incomparably  less  in 
amount  and  much  more  expensive  than  at  present,  and  various 
naturalists  pursued  similar  studies  unknown  to  each  other,  whence 
arose  great  confusion  in  nomenclature  which  has  not  yet  ceased 
to  trouble  the  student. 

In  this  condition  was  the  science  when  Thomas  Say,  the  pioneer 
conchologist  of  America,  began  to  publish  his  studies  on  North 
American  moUusks.  The  first  scientific  article  on  the  shells  of 
this  countr3%  published  here,  was  the  article  on  Conchology  by  Say 
in  the  American  edition  of  Nicholson's  Encyclopaedia  printed  in 
1816. 

The  determination  of  species  is  naturally  the  first  requisite  in 
the  investigation  of  a  local  fauna,  and  the  work  of  our  earlier 
naturalists  was  largely  descriptive  from  the  necessities  of  the  case 
and  the  state  of  science  at  the  time.  Much  had  been  previously 
done  by  foreign  naturalists  but  in  an  unsystematic  way,  and  for  a 
good  many  years  American  students  were  occupied  in  the  descrip- 
tion and  iconography  of  our  native  mollusks  as  an  inevitable  pre- 
liminary to  the  study  of  geographical  distribution  and  other  more 
philosophical  branches  of  the  subject.  It  is  unnecessary  here  to 
trace,  even  did  space  permit  of  it,  the  gradual  progress  in  this 
direction,  to  which  naturalists  in  all  parts  of  the  country  con- 
tributed. 

At  present  the  molluscan  fauna  of  the  land  and  fresh  water 
shells  of  North  America  is  remarkably  well  known,  only  the  older 
parts  of  Europe  presenting  a  parallel  to  it.  Something  still  re- 
mains to  be  done  in  the  southern  states,  especially  in  the  more 
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mountainoas  portions,  but  as  a  whole  we  can  hardly  expect  that 
the  addition  of  new  species  will  more  than  equal  inr  number  the 
reduction  in  our  speciGc  lists,  which  a  greater  familiarity  with 
already  named  forms  may  render  necessary. 

With  marine  forms  the  case  is  somewhat  different.  The  fauna 
of  Canada  and  of  the  eastern  coast  of  the  United  States  north  of 
tlie  Chesapeake  has  been  worked  out  with  great  tlioroughness  by 
the  energy  of  resident  naturalists,  among  whom  it  may  not  be  in- 
vidious to  mention  Say,  Lesueur,  Gould,  Conrad,  Mighels,  C.  B. 
Adams,  Stimpson,  Couthouy,  Dawson,  Whiteaves,  Smith  and 
Verrill,  as  especially  eminent.  On  the  western  coast  where  a 
much  richer  fauna  prevails,  the  labors  of  Carpenter,  Cooper, 
Stearns,  Gabb,  Hemphill  and  others  have  given  us  a  pretty  com- 
plete knowledge  of  the  species  from  California  to  Sitka.  For 
tLe  region  still  farther  north,  in  addition  to  the  labors  of  Mid- 
dendorf,  large  material,  in  part  unpublished,,  has  accumulated 
in  niy  own  hands  chiefly  through  investigations  made  in  person 
and  with  the  assistance  of  my  companions  in  explorations  in 
Alaska  and  on  the  Arctic  coast.  With  the  exception  of  the  Alas- 
kan coast  the  mollusk-fauna  of  Arctic  America  is  well  known, 
and  new  species  hardly  to  be  hoped  for  by  the  most  energetic  ex- 
plorer of  the  litorale. 

The  exploration  of  the  southern  coast,  especially  that  of  the  Gulf 
of  California,  is  much  less  thorough  and  indeed  from  Georgia 
round  the  peninsula  of  Florida  to  Galveston,  there  is  hardly  any 
locality  which  would  not  repay  a  careful  search.  Nearly  every 
such  attempt  yesults  in  new  discoveries.  The  question  is  some- 
what complicated  by  the  inchoate  state  of  our  knowledge  of  the 
West  Indies,  whence  multitudes  of  marine  shells  have  been 
descril)ed,  but  in  a  scattered  way  and  often  without  (or  wuth 
an  erroneous)  statement  of  habitat.  Our  knowledge  here  has 
not  progressed  far  enough  to  permit  of  tenable  deductions  in 
regard  to  geographical  distribution  and  a  wide  field  is  open  for 
research. 

The  study  of  geographical  distribution  is  one  of  the  most  fasci- 
nating, far-reaching  and  important  branches  of  biolog3\  By  its 
help  problems  of  world-wide  significance  find  solution ;  but  it 
requires  a  thorough  knowledge  of  the  forms  involved,  a  uni* 
fonnity  in  the  use  of  nomenclature,  and  some  acquaintance  with 
the  palaeontology  of  the  later  tertiary   strata.     Without  these. 
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sound  conclusions  cannot  be  arrived  at ;  and  hypotbescs,  like  in- 
verted pyramids,  are  in  perpetual  danger  of  complete  overthrow  . 
•  In  this  connection  I  may  refer  to  a  field  in  which  no  one  is  sys- 
tematically at  work  and  which  seems  to  me  to  promise  rich  reward 
to  patient  and  thorough  investigation.  Within  a  comparatively 
short  period  many  lake  basins  and  fresh  water  deposits  have  beeu 
explored  for  mollusks  recent  and  fossil.  Among  these  may  be 
mentioned  sundry  Dalmatian  lakes,  Lake  Baikal,  Lake  Tangan- 
yika, the  lakes  of  Nicaragua,  the  Colorado  basin  and  the  Laramie 
beds  of  our  western  territories.  I  have  long  wondered  at  the 
curious  repetitions  of  form  and  ornamentation  which  occur  in 
certain  UnionidcB  or  fresh  water  mussels  from  Burmah,  Pegu, 
Lake  Nicaragua,  our  western  Tertiary  beds,  and  last  of  all  are 
now  reported  from  Tanganyika.  Camptoceras^  originally  described 
from  a  living  species  in  India,  is  now  reported  fossil  in  England. 
Melanopsis,  now  not  living  nearer  than  Spain,  has  lately  been  dis- 
covered by  White  fossil  in  the  Laramie  beds ;  and,  as  in  New  2^a- 
land,  associated  with  a  slipper-limpet  which  appears  to  belong  to 
the  genus  Latia.  PyrguUfera  Meek,  from  the  Western  Tcrtia- 
ries,  offers  no  characters  by  which  it  may  be  distinguished  from 
Smith's  Tanganyika  Paramelania  more  recently  described.  Sev- 
eral forms  described  by  Neumayr  and  others,  from  ancient  Euro- 
pean lake  basins,  seem  nearly  identical  with  American  fluviatile 
genera.  In  spite  of  the  opinion  of  the  eminent  French  editors  of 
the  Journal  de  Conchy liologie  (biassed  a  little  I  fear  by  the  enor- 
mous distance  intervening),  I  can  see  no  valid  character  by  which 
the  shells  of  a  whole  group  of  living  mollusks  (TktikaUa)  from 
Lake  Baikal  can  be  distinguished  from  our  fossil  Tryonim  of  the 
Colorado  basin. 

These  facts,  if  confirmed  as  I  think  they  would  be  by  more 
thorough  comparison  and  research,  must  have  a  deep  significance. 
Who  will  devote  himself  to  the  solution  of  the  problem  ? 

Another  line  of  investigation,  closely  connected  with  the  geo- 
graphical distribution  of  species,  has  recently  been  taken  up  with 
rich  results.  I  refer  to  the  exploration  of  the  bed  of  the  deep 
sea.  Its  relations  are  American  rather  from  the  fact  that  its 
initiation  began  under  the  auspices  of  the  Coast  Survey  of  the 
United  States,  and  that  its  latest  methods  are  largely  due  to  the 
inventiveness  of  American  naval  and  Fish  Commission  officers, 
than  from  the  results  of  the  work  itself,  which  are  world-wide  in 
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Uieir  application,  and  to  which  various  nations,  especially  the 
English,  have  contributed  in  no  stinted  measure. 

It  was  thought  when  deep  sea  dredging  was  in  its  infancy  tliat 
the  unexplored  depths,  especiall}'  in  tropical  waters,  might  shelter 
lingering  representatives  of  distant  geological  epochs,  and  that 
ammonites  and  trilobites  might  put  in  an  appearance  when  search 
was  made  in  proper  quarters.  Indeed,  some  naturalists  went  so  far 
as  to  assert  that  the  fauna  of  the  deep  sea  was  essentially  that  of 
the  cretaceous  period  which  had  existed  there  uninterruptedly 
from  past  ages.  These  ideas  have  been  swept  away  b}'  actual  re* 
search  and  while  we  cannot  be  said  to  know  more  than  a  small 
proportion  of  the  abyssal  fauna,  we  know  enough  of  it  to  be  sure 
that  it  is  essentially  of  a  recent  character.  The  survival  of  some 
forms  which  once  were  supposed  to  exist  only  in  a  fossil  state 
does  not  materially  alter  the  modern  character  of  the  assemblage 
as  a  whole. 

The  knowledge  of  the  conditions  which  exist  over  a  great  pait 
of  the  sea-bed,  and  of  the  topogiaphical  features  of  the  bottom,  has 
however  greatly  modified  the  accepted  views  of  geographical  dis- 
tribution. We  now  know  that  the  conditions  are  such  that  tliere 
is  no  evident  reason  why  a  deep-sea  species  might  not  extend  its 
range  from  the  Antarctic  Sea  to  the  North  Polar  regions,  and  in 
fact  very  nearly  such  a  range  has  been  made  out  for  a  few  forms. 
The  free  access  of  Antarctic  cold  waters  to  the  northern  ocean 
areas  has  even  led  to  the  suggestion  that  the  Antarctic  is  the  great 
centre  of  distribntion  from  which  species  of  all  shores  may  have 
originated.  However  true  this  may  be  of  some  branches  of  the 
animal  kingdom,  our  knowledge  of  the  mollusca  hardly  warrants 
60  general  a  deduction.  A  certain  poilion  of  our  fauna,  however, 
may  be  thus  derived. 

We  know  that  at  a  relatively  not  very  distant  geological  period 
the  conditions  of  life  on  the  globe  were  much  more  uniform  than 
now.  Both  marine  fossils  and  vegetable  remains  in  the  boreal 
and  Arctic  regions  show  that  a  much  milder  climate  once  prevailed 
there,  while  if  we  assume  a  relative  disparity  as  great  as  now  exists 
between  arctic  and  tropical  conditions  at  that  time,  we  should  have 
a  heat  in  equatorial  regions  fatal  to  most  life.  Hence  it  is  certain 
that  a  greater  uniformity  in  conditions  and  in  faunal  characters 
once  prevailed,  and  we  cannot  but  believe  that  our  present  fauna  is 
the  descendant  with  modification  of  that  ancient  one.    Certain 
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factors  have  so  influenced  the  climate  of  the  globe  that  that  uni- 
formity has  been  lost.  Yet  it  .would  seem  probable  that  the  inhab- 
itants of  different  coasts  mainly  originated  not  far  from  where 
we  now  find  them,  though  important  exceptions  to  this  rule  doubt- 
less exist.  The  region  which  has  in  later  times  exhibited  the  most 
striking  contrast  of  conditions  of  climate  and  sea  level  to  the 
former  general  uniformity  is  the  Arctic.  It  is  geologically  infer- 
rible that  this  change  has  been,  not  slow  and  constant  in  one  direc- 
tion, but  more  or  less  fluctuating.  The  Arctic  mollusks  lend 
probability  to  this  view  for  they  are  almost  without  exception 
characterized  by  wide  specific  variability ;  and  the  genera  to  which 
they  belong  are  known  as  particulai'ly  variable  even  in  those  species 
which  are  not  Arctic  in  their  habitat.  As  the  change  in  environ- 
ment acted  on  the  ancient  fauna,  one  effect  would  be  to  exterminate 
such  species  as  least  readily  accommodated  themselves  to  changed 
conditions  and  to  preserve  a  fauna  of  rapid  and  facile  adaptability ; 
perhaps  mingled  with  a  few  forms  particularly  indifferent  to  in- 
fluences of  environment.  These  last  must  however  in  a  large 
fauna  always  be  exceptional. 

This  is  the  actual  character  of  the  Arctic  mollusk-fauna  and  snch 
features  are  only  less  remarkable  in  that  of  the  Antarctic,  becanse 
the  latter  region  is  almost  destitute  of  coasts  and  in  deep  water 
such  fluctuations  of  climate  and  sea  level  as  have  been  referred  to 
would  be  less  readily  transmitted  and  would  lose  most  of  their 
effect. 

Other  reasons  why  we  may  suppose  that  the  present  coast  faunae 
originated  in  the  vicinity  of  their  habitat  are  afforded  by  the  re- 
sults of  a  study  I  was  enabled  to  make  of  the  relations  between 
the  litoral  and  the  immediately  adjacent  abyssal  fauna  in  the  West 
Indies  from  the  collections  of  the  Coast  Survey  steamer  Blake, 
made  under  the  direction  of  Prof.  A.  Agassiz. 

These  showed  that  more  than  ten  per  cent  of  the  deep  water 
species  were  also  common  to  the  litorale  while  a  third  of  the  gen- 
era  were  common  to  both  shore  and  adjacent  searbed.  Only  about 
one  and  a  half  per  cent  were  distinctively  arctic  forms,  such  as  we 
might  expect  to  be  in  a  large  majority  were  the  fauna  derived  from 
the  North  or  South  Polar  Seas  exclusively.  In  the  same  way  we 
may  explain  the  occurrence  of  Voluta  and  NcuxUa  in  the  Aleu- 
tian Islands,  rather  as  a  survival  from  the  Crag  period  when  Vo- 
luta Lamberti  flourished  in  Britain,  than  as  offshoots  from  the  Pat- 
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agonian  fauna  which  have  travelled  northward  and  left  no  progeny 
by  the  way. 

These  somewhat  crnde  and  perhaps  premature  generalizations 
indicate  the  nature  of  some  of  the  problems  of  which  a  study  of 
abyssal  life  may  afford  a  solution. 

Studies  of  the  embryological  stages  of  a  few  of  our  American 
moUusks  have  been  made  in  this  country  and  creditable  contribu- 
tions to  this  branch  of  the  subject  have  appeared  almost  every 
year  for  several  years.  Of  the  total  number  of  American  mol- 
lusks,  those  of  which  we  have  even  an  approximate  embryological 
knowledge  may  be  counted  on  the  fingers,  and  the  field  therefore 
is  vast.  Special  training  and  indefatigable  patience,  as  well  as 
facilities  not  at  the  command  of  all,  are  absolutely  requisite  for 
this  most  delicate  form  of  investigation  and  wo  can  hardly  hope 
for  rapid  progress.  Still  the  results  of  such  enquiries,  when  prop- 
erly authenticated  and  confirmed,  are  of  such  exceptional  value 
as  to  be  well  worthy  the  devotion  they  require. 

The  anatomical  features  of  the  aduH  moUusks  except  in  a  few 
groups  have  been  much  neglected  and  are  of  the  first  importance. 
Binney  and  Leidy  have  done  much  among  the  land  and  fresh  wa- 
ter species,  and  our  Pacific  Nudibranchs  have  been  the  subject  of 
an  important  monograph  by  Bergh,  while  sundry  species  of  ma- 
rine molhisks  have  been  more  or  less  completely  studied  by  various 
authors.  It  is  nevertheless  true  that  the  soft  parts  of  our  com- 
monest species  are  mostly  entirely  unknown  or  but  superficially 
studied,  so  that  even  the  characteristics  of  the  adult  anatomy  of 
our  common  oyster  are  differently  described  by  different  natural- 
ists and  have  been  monographed  by  none.  This  is  a  reproach 
that  it  is  in  our  power  to  remove,  as  the  facilities  required  are 
comparatively  limited  and  inexpensive  and  few  students  are  so 
situated  that  mollusks  of  one  kind  or  another  are  not  within  easy 
reach.  It  is  true  that  Americans  are  not  alone  in  remissness  in 
this  direction  but  that  is  no  sufficient  excuse. 

The  instinctive  or  mental  phenomena  which  may  be  exhibited 
by  living  mollusks  have  not  been  subjected  to  investigation.  It 
is  true  that  a  few  observers  have  incidentally  described  actions 
which  on  mature  consideration  might  bo  held  to  exhibit  mental 
processes  of  a  certain  kind.  The  speaker  has  lately  put  on  record 
certain  observations  which  seem  to  indicate  the  possession,  by 
some  species  of  the  genus  Helix^  of  the  power  to  recognize  a  call 
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or  sound  and  to  distinguish  it  from  other  calls  or  sounds  of  a  sim- 
ilar character ;  and,  since  that  publication  appeared,  he  has  1*6- 
ceived  several  less  exact  communications  which  would  seem  on  the 
whole  to  confirm  this  conclusion. 

We  can  hardly  doubt,  however  (whether  the  particular  in- 
stances referred  to  afford  proof  of  it  or  not),  that  in  a  group  con- 
taining so  many  animals  of  a  high  degree  of  organization,  such  as 
the  cuttles  and  squids,  for  instance,  mental  processes  of  a  tolera- 
bly complex  nature  must  be  carried  on  in  many  cases.  That  this 
subject  has  received  no  attention  is  a  matter  of  regret  and  it  would 
seem  that  a  mere  mention  of  it  would  be  sufficient  'to  set  some 
observer  at  work.  Given  an  aquarium  or  a  snailery,  both  easily 
and  cheaply  constructed  and  stocked,  and  patience,  time  and  a 
little  ingenuity  will  supply  all  the  needed  conditions.  It  would 
not  only  seem  to  be  a  kind  of  research  peculiarly  adapted  to 
attract  and  amuse  an  invalid,  hut  one  which,  if  properly  conducted, 
would  afford  results  of  the  highest  scientific  interest  and  value. 

There  is  still  another  branch  of  the  subject,  of  which  the  methods 
applied  to  other  forms  of  animal  life  have  occupied  a  very  large 
portion  of  the  thought  and  activity  of  the  scientific  world  for  more 
than  twenty  years.  The  results  have  revolutionized  science  and 
justly  Immortalized  the  remarkable  naturalist  who  led  the  way.  I 
refer  to  the  modification  of  organic  life  by  physical  causes  and  the 
perpetuation  of  modifications  by  natural  and  sexual  selection. 

Tlie  fact  docs  not  seem  to  have  been  dwelt  uix)n  that  the  action 
of  natural  and  especially  of  sexual  selection  is  much  more  pro- 
nounced, and  its  effects  necessarily  must  be  far  more  important 
among  organisms  either  in  themselves  of  a  high  ph3*sical  and  men- 
tal rank  reacting  on  each  other  (as  birds  and  mammals),  or  with 
those  upon  which  the  actions  of  highly  organized  beings  are  effec- 
tive in  bringing  about  a  selection  of  characters  as  in  the  case  of 
plants  visited  bj'  bees  and  wasps. 

It  must  be  granted  that  natural  selection  is  universal  in  its  action, 
and  sel  f-cvident  in  its  tmth.  It  does  not  therefore  follow,  however, 
that  it  is  equally  eflScacious  in  perpetuating  peculiarities  among 
all  kinds  of  organisms.  Indeed  on  consideration  it  will  appear 
clearly  that  it  cannot  be,  and  that  the  more  simple  and  plastic  the 
organism,  the  less  likely  it  is  that  natural  selection  will  succeed  in 
confining  its  variations  within  any  given  lines.  Take,  for  instance, 
a  pond  full  of  Amoeba ,  millions  in  number.    The  probability  that 
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any  given  proliferation,  or  set  of  proliferations  of  the  uniform  pro- 
toplasm of  any  individual  or  number  of  individuals,  can  be  so 
beneficial  as  to  have  any  perceptible  effect  on  subsequent  genera- 
tions, is  mathematically  infinitesimal.  And  this  which  is  so 
evident  in  the  case  of  structureless  Amoebce  is  more  or  less  true 
throughout  all  the  lower  forms  of  life.  It  is  only  when  advanced 
to  a  comparatively  high  stage  of  differentiation  that  organisms  can 
offer,  as  it  were,  a  handle  for  natural  selection  to  take  hold  of. 

There  is  probably  no  change  or  special  characteristic  in  any 
organism  of  sufficiently  high  rank  for  which  a  plausible  explana- 
tion cannot  be  assumed  by  the  aid  of  natural  selection.  Here- 
in lies  the  danger  of  this  hypothesis.  The  offered  explanation 
always  may  be  true,  but  students  have  not  always  remembered 
that  it  also  always  may  be  false,  and  that  therefore  the  hypothesis 
only  becomes  scientific  when  it  is  supported  by  proof.  The  onuspro- 
bandi  is  not  lessened  by  the  production  of  a  plausible  hypothesis. 
The  proof  is  often  forthcoming  in  the  case  of  higher  organisms, 
and  found  with  comparative  ease.  The  difficulty  increases  with 
each  step  lower  in  the  scale  and  practically,  as  I  have  shown,  be- 
comes insuperable  among  the  lowest  organisms.  But  it  is  among 
the  lowest  organisms  that  we  must  look  for  the  first  steps  toward 
the  grand  divisions  in  which  organic  life  is  marshalled.  It  is  here 
that  the  key  to  the  great  problem  of  systematic  diversity  in  life  is 
to  be  found,  if  at  all,  and  it  must  be  confessed,  even  at  the  cost 
of  some  disappointment,  that  natural  selection  alone  does  not  meet 
the  needs  of  the  case. 

American  naturalists  have  from  the  first  recognized  more  or  less 
clearly  the  limitations  of  Natural  Selection.  By  none  has  it  been 
more  clearly  stated  that  natural  selection  originates  nothing,  and 
nierelj'  discriminates  between  already  existing  differences.  By 
no  other  geographical  group  of  students  ha^53  such  important  ex- 
positions been  made  of  the  effect  of  ph3^sical  forces  on  the  organ- 
ism and  its  parts,  the  relations  of  anatomical  structure  to  strains 
an«l  impacts,  and  of  what  may  be  termed  the  rhythm  of  develop- 
ment as  shown  by  periodic  acceleration  and  retardation  in  the  life 
of  the  individual,  of  the  group  and  of  the  race.  The  labors  of 
Cope,  Hyatt,  Ryder,  Morse  and  others  among  us,  are  no  less  fruit- 
ful than  saggestivc  in  these  directions. 

Some  unnecessary  anxiety  seems  to  have  been  expressed  by 
many  in  regard  to  the  origin  of  variation.    It  is  not  doubtful  that 
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variation  is  as  much  a  necessity  as  natural  selection.  In  all  the 
unnumbered  organisms  which  have  existed  since  the  appearance 
of  life  on  the  globe  there  can  have  been  no  two  individuals  whose 
circumstances,  as  regards  their  internal  contents  and  qualities  or 
their  environment,  have  been  absolutely  identical.  Many  ap- 
proached nearly  to  it,  but  absolute  identity  has  not  existed.  It  is 
therefore  not  a  matter  of  surprise  that  variations  exist,  but  rather 
that  there  is  anything  like  uniformity  among  organic  beings.  The 
thing  that  is  really  extraordinary  is  that  organic  life  should  have 
so  run  in  ruts,  as  one  might  say,  that  we  can,  in  the  majority  of 
cases,  refer  without  doubt  a  given  organism  to  one  of  a  few  great 
fundamental  groups  which  can  be  counted  on  the  fingers. 

I  feel  a  reasonable  confidence  that  the  solution  of  the  mystery 
lies  in  the  direct  physical  action  of  the  environment,  by  ways  and 
methods  few  of  which  are  yet  understood,  many  of  which  may  long 
remain  mysterious  but  which  in  the  course  of  time  will  undoubt- 
edly be  made  clear  by  the  research,  the  energy,  the  perseverance 
and  the  will  of  that  most  extraordinary  of  all  organic  mysteries, 
the  human  mind. 

In  this  connection  it  seems  a  duty  to  refer  to  that  remarkable 
work,  the  Principles  of  Biology,  by  Herbert  Spencer,  in  which  the 
actions  and  reactions  of  organism  and  environment  are  so  clearly 
set  forth,  so  many  lines  of  investigation  indicated  and  such  preg- 
nant suggestions  offered  to  the  philosophical  inquirer,  that  we  may 
fairly  regard  it  as  foreshadowing  a  major  part,  not  only  of  conclu- 
sions definitely  arrived  at  since  its  publication,  but  of  those  which 
are  still  hovering  in  the  limbo  of  probability. 

Since  the  mollusks  occupy,  in  a  certain  sense,  a  middle  ground 
between  the  higher  groups,  where  natural  selection  has  its  freest 
play,  and  those  lower  categories,  where  its  operations  are  veiled  or 
inefficient,  investigation  of  the  laws  of  variation  and  of  those  in- 
fluences which  tend  to  stability  of  characters,  is  among  them  es- 
pecially desirable. 

We  find,  as  by  hypothesis  we  should  find,  that  the  infiuences  of 
selection  are  most  evident  in  those  mollusks  which  by  their  ter- 
restrial habitat  are  brought  into  the  closest  contact  with  enemies 
of  relatively  high  intelligence  such  as  birds  and  other  vertebrates. 
In  these  the  selected  characteristics  are  chiefly  those  of  color. 
The  gray  and  dull  appearance  of  species  inhabiting  arid  regions 
is  well  known.    It  is  not  impossible  that  the  primary  cause  of 
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this  may  be  dae  to  a  less  fluent  secretion  of  the  animal  products 
wliich  are  the  chief  components  of  the  pellucid  substance  and 
glistening  epidermis  of  shells  native  to  moister  regions.  It  would 
naturally  occur  in  tlie  dry  air  of  the  desert  that  fluid  products 
anprotected  by  an  impervious  epidermis  would  be  less  readily 
retained  within  the  soft  tissues  of  snails.  In  moister  regions 
a  tendency  is  especially  noticeable  among  operculated  Pu  I  mo- 
nates,  to  striped  markings  of  darker  and  lighter  color,  such  as 
would  tend  to  conceal  them  among  the  lights  and  shades  of  grass 
and  herbage  which  they  frequent ;  and  one  is  tempted  to  refer  the 
perpetuation  and  wide  prevalence  of  this  style  of  coloration  to 
causes  similar  to  those  by  which  some  have  accounted  for  the  ver- 
tical stripes  of  the  tiger. 

But  to  what  is  the  origin  of  the  microscopic  sculpture  of  the 
same  shells*  most  delicate  and  intricate  tracery,  constant  in  the 
species,  to  be  attributed  ?  It  does  not  seem  possible  that  it  can 
be  in  any  wa}'  useful. 

Again,  in  tropical  species  the  reflected  lip  of  the  aperture  is 
often  painted  with  exquisite  rose,  orange  or  yellow  hues,  entirely 
invisible  under  ordinary  circumstances  when  the  mollusks  are  alive. 
As  they  are  reciprocally  hermaphrodite,  sexual  selection  can  have 
DO  efl!ect  in  flxing  tints  of  beauty  here.  In  fact,  throughout  the 
group,  the  most  puzzling  question,  and  one  which  presents  itself 
continually,  is  that  which  demands  the  origin  of  complex  combi- 
nations of  color  and  form  to  which  it  is  impossible  to  assign  any 
utility.  There  is  an  Asiatic  species  of  Bulimus  of  a  lovely  lemon 
color  which,  about  the  beginning  of  its  last  turn  before  forming 
the  reflected  lip  which  marks  maturity,  deposits  a  narrow  black  or 
bluish  band  across  the  whorl.  There  is  no  ridge,  no  interruption 
of  the  smoothness  of  the  shell,  no  internal  process  corresponding 
to  the  band,  nor  any  other  touch  of  such  color  elsewhere. 

An  artist  would  say  at  once,  the  lemon  color  is  heightened  and 
the  beauty  of  the  shell  greatly  enhanced  by  its  contrast  with  the 
dark  band.  But  our  mollusk  is  no  aesthete  and  his  poor  eyes  are 
believed  to  barely  help  him  to  distinguish  light  and  shade,  cer- 
tainly not  form  or  color.  Yet  we  cannot  doubt  that  there  is  a 
good  and  snfllcient  cause  for  this  and  numberless  similar  features 
among  land  shells. 

Among  marine  forms  the  struggle  for  existence,  after  the  embry- 
onic stages  are  past,  is  much  less  violent.    This  arises  partly  frop 

A.  A.  A.  8.»  TOL.  ZXZI.  28. 


4Si  ADDRESS   BT   WILLIAM  H.   DALL, 

the  much  more  uniform  conditions  of  life  in  the  sea,  partly  from 
the  general  abundance  of  food  contained  in  the  sea  water,  and 
partly  from  the  less  intelligence  of  enemies,  which  arc  chiefly  fisbcs 
and  predaceous  moUusks. 

Since  here  development  of  superficial  characters  in  any  direc- 
tion is  hardly  governed  or  limited  by  any  sort  of  selection,  we 
have  most  remarkable  variety  exhibited  in  externals  with  marked 
uniformity  in  structural  features.  Here,  again,  we  are  mct^itli 
the  question.  What  purpose  is  served  by  all  this  infinite  variety  of 
detail  which  is  often,  without  a  microscope,  invisible  to  the  ob- 
server, and  how  much  more  so  to  the  creature  itself  and  its  com- 
panions of  every  kind?  The  exquisite  painting  of  many  species 
of  Conus  is  visible  only  after  death,  being  covered  during  life  with 
a  douse  epidermis.  The  exceedingly  delicate  ramifications  of 
many  Murices,  the  shagreening  of  many  Trochoids,  the  richly 
painted  apertures  of  Pkyllonotus  and  the  lovely  domes  of  the 
Cowries,  —  all  these  are  be3'ond  the  perception  of  their  owners  or 
fellow  creatures,  are  utterly  useless  to  them  as  far  as  we  know, 
and  yet  are  stable  characters  within  the  species. 

In  certain  features  H^'att  has  traced  the  influence  of  gravitation. 
Food  has,  without  question,  great  importance  especially  in  deter- 
mining certain  tints  of  color.  I  have  shown  how  spirality  might 
have  developed  from  the  effect  of  physical  causes  seconded  by 
natural  selection.  In  Alaska  I  noticed  a  species  of  LUorina  which, 
when  living  on  isolated  rocks  subjected  to  the  full  power  of  the 
surf,  exhibited  modification.  The  spire  became  shorter  and  nearly 
flat.  The  last  whorl  and  aperture  became  enlarged  and  patulous; 
strong  revolving  ridges  became  rows  of  rounded  nodules  and  the 
axis  of  the  shell  broad  and  thick.  From  this  I  concluded  that 
those  specimens  which  tended  to  var}'  in  the  directions  mentioned 
possessed  advantages  over  the  ordinary  form  in  resisting  the  ac- 
tion of  the  waves  and  therefore  retaining  their  hold  upon  the  rock 
and  life.  Once  washed  into  the  shifting  sands  between  the  rocks, 
tlicy  had  small  chance  of  survival.  I  have  often  thought  of  this 
as  one  of  the  most  obvious  instances  I  have  observed  of  the  action 
of  selection  among  marine  mollusca. 

The  Carrier-trochus  family  {PJioridce)  are  remarkable  examples 
at  once  of  the  unexplained  acquisition  of  a  valuable  habit,  its  per- 
petuation by  natural  selection  and  in  some  cases  its  continued  re- 
tention when  no  longer  useful. 
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Certain  of  these  shells  pick  up  and  attach  to  their  upper  sur- 
faces bits  of  dead  coral,  stones  and  fragments  of  shell  until  they 
arc  entirely  covered.  Viewed  from  above  as  the}'  must  be  for  the 
most  part  by  fishes  and  carnivorous  mollusks  nothing  but  dead 
and  refuse  matter  is  visible.  It  is  evident  that  this  must  be  a 
great  protection  both  from  enemies  who  w^ould  pass  them  by  and 
from  accidental  concussions.  It  may  be  due  to  the  latter  inciden- 
tal protection  that  the  shells  are  or  have  become  very  thin  and  in- 
deed barely  more  than  a  layer  of  cement  sufficient  to  hold  this 
extraneons  matter  in  place.  It  is  difficult  to  imagine  how  such  a 
habit  can  have  originated,  for  it  is  not  the  practice  of  gastropods 
)o  general  and  it  must  have  been  pretty  generally  adopted  before 
it  could  have  been  of  sufficient  benefit  to  the  genus  at  large  to 
have  been  confirmed  as  a  habit  by  selection.  When  this  had  once 
taken  place  its  usefulness  is  obvious.  However,  it  is  still  more 
strange  that  so  valuable  a  habit  should,  as  it  has  done  in  many 
species,  fall  partially  into  disuse,  so  that  while  the  disadvantage  of 
canying  roimd  a  burden  of  projecting  and  obstructive  fragments 
is  retained  and  indeed  sometimes  exaggerated  by  placing  the  frag- 
ments on  the  extreme  peripher}'  of  the  carrier's  shell,  the  animal 
bliould  fail  to  sufficiently  cover  itself  so  as  to  make  its  load  a  real 
protection.  This  is  the  case  in  several  species  which  moreover 
exhibit  a  decided  discrimination  in  the  materials  they  collect,  so 
that  one  species  picks  up  only  small  dead  bivalves,  another  frag- 
ments of  coral,  and,  in  one  or  two  cases,  only  minute  pebbles  or 
grains  of  sand  which  are  of  no  protection  whatever  and  present 
the  appearance  of  a  mere  attempt  at  decoration.  The  character 
and  disposition  of  the  load  have  become  so  uniform  in  many  cases 
iis  almost  to  take  rank  as  specific  characters. 

The  few  instances  I  have  mentioned  are  merely  typical  of 
myriads.  They  sufficiently  indicate  the  world  of  mystery  which 
surrounds  the  life  and  progress  of  the  members  of  an  entire  sub- 
kingdom  of  animals.  General  readers,  perhaps  some  students, 
often  gain  an  impression  from  the  steady  stream  of  scientific  liter- 
ature and  the  enthusiastic  claims  of  some  disciples  of  nature,  that 
we  are  rapidly  illuminating  the  inmost  recesses  of  the  world  of 
knowledge, — that  in  fact  there  is  little  left  to  explore. 

But  those  whose  high  privilege  it  has  been  to  commune  with  Na- 
tnre  in  her  sacred  haunts,  to  waste  in  j?tcdious  mood  the  midnight 
oil  and  grasp  by  efforts  slow,  severe,  prolonged;  some  new  truth 


1 


436  ADDRESS    BT  WILLIAM  H.    DALL. 

from  the  mazy  labyrinth, — these  will  feci  with  Newton  that  their 
labors  in  the  past,  and  all  that  any  single  man  may  hope  to  add, 
are  to  the  contents  of  great  Nature's  book  but  as  the  gleanings  of 
some  little  child  gathering  shells  along  an  ocean  strand. 

Yet,  notwithstanding  this,  the  student  rightly  feels  that  eveiy 
new  truth  is  gathered  for  all  time  and  is  its  own  reward  ;  and  that, 
in  spite  of  human  error,  prejudice  and  weakness,  imperfect  com- 
prehension of  the  glories  of  the  harvest  and  faulty  applications 
of  experience,  progress  is  constant.  Before  the  strong  breath  of 
persevering  and  repeated  investigation,  flake  by  flake,  the  chaff 
is  winnowed  away.  That  which  remains,  fit  for  the  granary  of 
knowledge,  is  imperishable.  Let  us  then  accept  the  lesson,  ia 
graceful  verse  recorded  by  a  poet  naturalist,  taught  by  the  ever 
expanding  camerated  coil  of  pearly  Nautilus,  contemporary  of 
the  ages  past  as  well  as  of  the  living  present :  — 

"  Year  after  year  beheld  the  silent  toil 
That  spread  his  lustroas  coil ; 
Still  as  the  spiral  grew 
He  left  his  past  year's  dwelling  for  the  new, 
Stole  with  soft  step  its  shining  archway  through, 
Bailt  up  its  idle  door; 
Stretched  in  his  new  foand  home  and  knew  the  old  no  more. 

ThanlkS  for  the  heavenly  message  brought  by  thee, 

Child  of  the  wandering  sea, 

Cast  from  her  lap  forlorn ; 

From  thy  dead  lips  a  clearer  note  is  borne 

Than  ever  Triton  blew  from  wreathM  horn ; 

While  on  mine  ear  it  rings 

Through  the  dark  caves  of  thought,  I  hear  a  voice  that  sings: 

-    Baild  thee  more  stately  mansions,  O  my  soul 
As  the  swift  seasons  roll ; 
Leave  thy  low  vaulted  past ! 
Let  each  new  temple,  nobler  than  the  last. 
Shut  thee  from  heaven  with  a  dome  more  vast, 
Till  thou  at  length  art  ttee. 
Leaving  thine  outgrown  shell  by  Life's  unresting  sea.* 
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A  CoMTRIBOnOK  TO  TBR  DOCTBINB  OF  EVOLUTION,  AMD  TBB  ThBOBT 

OF  Natural  Selection.    By  Thomas  Meehan,  of  Gorman- 
town,  Pa. 


Members  of  the  American  Association  fob  the  Advancement 
OF  Science  : — 

You  have  honored  me  by  a  special  invitation  to  address  you  on 
this  occasion,  ^  and  you  have  suggested  that  I  take  for  my  theme 
some  topic  connected  with  plant  life.  I  know  that  the  papers  I 
have  given  you  during  the  past  ten  or  fifteen  years  have  led  you 
to  this  kind  consideration  ;  and  I  therefore  feel  that  I  cannot  do 
better  than  present  to  you  now  some  of  the  impressions  which  my 
work  has  made  on  my  own  mind,  in  relation  to  some  of  the  great 
questions  of  the  day. 

Perhaps  the  greatest  of  all  questions  is  still  the  origin  of  species 
—  the  derivation  of  all  the  various  forms  we  see  —  in  brief,  the 
doctrine  of  Evolution ;  and  even  where  there  is  no  doubt  that  one 
form  has  been  evolved  from  some  differing  parent  form,  it  has 
been  by  no  means  made  so  clear  under  what  theory  this  growth  of 
form  is  to  be  explained,  that  there  can  be  no  reasonable  difference 
of  opinion  thereon.  To  my  mind  the  doctrine  of  the  origin  of 
species  as  presented  by  Mr.  Darwin  cannot  be  controverted ;  and 
the  theory  of  natural  selection  which  he  elaborated  to  sustain  this 
doctrine  requires  only  to  be  pruned  of  some  abnormal  growths  to 
make  it  impregnable.  This  has  been  my  task  during  the  years 
referred  to.  Whenever  I  have  seen  weaknesses,  I  have  adduced 
facts  to  oppose  them.  My  task  to-day  is,  as  I  hope,  to  show  that 
the  doctrine  of  evolution,  and  especially  the  theory  of  natural 
selection,  is  all  the  stronger  for  the  work  I  have  done. 

1  At  Che  Cincinnati  meeting  tlie  standing  committee  invited  Mr.  Meehan  to  occnpy  the 
chflirof  (the  then)  Section  B,  vacant  through  the  inability  of  Dr.  Geo.  Engelmann,  the 
elected  Vice  President,  to  be  present.  Mr.  Meehan  declined,  fearing  that  his  imi)er- 
feet  bearlnfc  would  interfere  with  the  proper  performance  of  the  duties  of  the  chair. 
The  SeoUon  then  Invited  Mr.  Meehan  to  deliver  a  special  address  at  the  next  meeting 
ef  the  AssoolaUon.— Ed. 
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I  am  particularly  glad  that  the  opportunity  has  been  afforded 
me  to  undertake  this  pleasant  task  at  this  time,  when  the  whole 
world  is  in  moarning  for  Charles  Darwin,  whose  chief  claim  to 
our  love  lies  in  the  earnestness  with  which  he  pursued  tliis  very 
theme.  I  shall  have  to  point  out  now  as  heretofore  what  I  regard 
as  weak  points  in  his  arguments,  not  to  refute  his  main  proposi- 
tions, but  in  the  belief  that  they  will  be  stronger  without  them. 
I  think  you  will  regard  it  as  one  of  the  most  fitting  tributes  to  his 
memory  if  I  succeed  in  showing  that  his  propositions  are  stronger 
than  he  himself  knew. 

Darwin  has  shown  that  under  domestication  and  under  cultiva- 
tion variations  have  occurred  among  animals  and  plants  which  we 
should  certainly  regard  as  species  if  we  found  them  in  a  wikl 
condition  and  their  derivation  were  unknown.  He  shows  that 
there  are  variations  in  nature,  and  by  the  operation  of  a  law  ot 
selection  the  intermediate  die,  leaving  forms  which  seem  distinct 
to  us  because  the  intermediate  have  been  lost.  These  forms 
continue  to  vary,  with  selections  as  before,  till  in  time  we  have 
the  great  diversity  we  see.  To  this  there  is  added  another  prin- 
ciple which  he  terms  inheritance,  and  which  counteracts  variation 
in  some  degree,  holding  and  retaining  a  given  form  to  some  extent, 
but  never  totally  overawing  the  tendency  to  vaiy. 

I  know  of  nothing  in  my  own  observations,  or  in  the  observa- 
tions of  others  to  contradict  this  view.  Facts  confirming  them 
are  now  of  almost  every-day  occurrence,  and  we  find  them  in  the 
commonest  plants.  Near  my  home  in  southeastern  Pennsj^lvania, 
we  find  the  common  Virginia  creeper,  Ampelopsis  qninquefdia^ 
with  five  leaflets.  In  Texas,  Mr.  Buckley  finds  it  with  seven,  in 
northern  Pennsylvania  it  is  found  sometimes  with  three.  Along 
the  Canada  line  it  is  mostly  with  five,  but  sometimes  with  seven. 
In  southeastern  Pennsylvania  the  leaflets  are  usually  broadly 
ovate,  slightly  serrate,  dark  green,  and  the  flowers  and  fruit  are 
borne  on  rather  stout  pedicels  ;  in  Colorado  the  leaflets  are  rather 
wedge  shaped,  deeply  laciniate,  of  a  somewhat  glaucous  green, 
and  the  pedicels  slender.  In  southeastern  Pennsjivania  the  sec- 
ondar}'  veins  are  delicate,  curved,  and  diverging  from  each  other 
as  they  extend  towards  the  edge  of  the  leaflet ;  along  the  shores  (»f 
Lakes  Erie  and  Ontario,  especially  on  Goat  IsKind,  near  Niagara, 
the  veins  are  very  prominent,  straight,  almost  parallel,  and  give 
the  appearance  at  first  sight  of  horee-chestnut  leaves.     Wo  do  not 
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regard  these  outlying  forms  as  species,  we  do  not  even  consider  them 
as  varieties.  But  wliy  ?  Merely  because  we  find  in  what  I  will  call 
the  central  form,  a  tendency  to  all  the  characters  referred  to.  If 
this  central  one  were  to  disappear,  I  think  botanists  would  have  no, 
difficulty  in  regarding  the  outl3ung  forms  as  well  marked  varieties, 
if  not  good  species.  It  may  be  said  that  these  are  properly  the  re- 
sults of  conditions  and  not  variations ;  that  they  are  the  results  of 
accidental  circumstances,  and  are  not  perpetuated  under  hereditary 
laws ;  but  it  is  one  of  the  discoveries  of  modern  times  that  these 
local  variations,  as  thej'  would  once  have  been  styled,  are  just  as 
capable  of  being  peri>etuated  as  the  most  undoubted  species. 
Thei'e  is  no  difference  whatever  in  this  respect.  Given  a  fair 
chance  in  the  struggle  for  life  for  the  seed  to  grow  and  the  plant 
to  mature  «eed,  and  the  race  at  once  has  all  it  requires  to  go  on 
and  perpetuate  itself. 

It  is  just  here  that  the  advocacy  of  the  theory  of  natural  selec- 
tion often  shows  a  weakness  which  I  distinguish  from  the  theory 
itself.  Mr.  Darwin  himself  scorned  to  believe  that  variation  in 
nature  was  a  slow  process,  and  he  continually  refers  to  the  gradual 
modifications  going  on  through  long  ages.^  He  contends  that 
'•  variability  is  not  an  inherent  and  necessary  contingency "  of 
existence^, ''  but  comes  from  the  law  of  correlation  of  growth  ;  to 
the  direct  action  of  the  conditions  of  life ;  to  use  and  disuse  ;  to 
the  intercrossing  of  S[}ecies ;"  ^  and  he  is  especially  emphatic  in 
stating  his  belief  that  variations  are  ever  in  the  line  of  profit  to 
the  individual.  His  leading  idea  is  that  those  individuals  which 
receive  the  greater  sum-totals  of  profitable  variations  arc  the  best 
able  to  maintain  themselves  in  the  struggle  for  life ;  in  other  words 
evcr^'  act  of  life,  variation  included,  pix>ceeds  on  the  basis  of 
individual  good.  We  have  been  made  familiar  with  this  view  in 
much  that  has  been  said  on  the  cross-fertilization  of  flowers.  It 
has  been  said  that  flowers  have  been  made  beautiful  solely  on  the 
basis  of  utility  to  the  plants  which  bore  them.  It  led  to  the  visits 
of  insects,  which  then  led  to  cross-fertilization  ;  and  cross-fertili- 
zation is  believed  to  be  a  means  whereby  the  progeny  is  better  able 
to  battle  for  existence.  Utility  is  with  him  the  basis  of  all  indi- 
vidual action ;  the  impelling  force  in  all  change. 

*  Darwin's  Orljrin  of  Species,  Chap.  IV,  paragraph  5,  X,  paragraph  4,  V,  summary. 

*  Darwin's  Origin  of  Species,  Chap.  V. 

*  Darwin's  Ori£:in  of  Species,  Chap.  T. 
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I  feel  sure,  however,  that  a  cai'eful  view  of  rariations  in  nature 
will  show  that  there  is  not  the  slightest  physiological  advantage  in 
man}'  a  form  which  has  had  a  wide  distribution,  over  other  forms 
which  have  but  a  localized  existence.  In  the  forms  of  Ampe- 
lopsia  I  have  referred  to,  and  which  would  become  species  if  tbe 
central  form  were  lost,  any  one  form  is  just  as  able  to  do  battle 
as  another.  Whether  it  succeeds  in  establishing  itself  or  not 
depends  wholly  on  other  circumstances  than  matters  connected 
with  the  character  of  its  leaves  or  inflorescence,  so  far  as  we 
have  been  able  to  observe  them.  Or,  let  us  take  a  race  of  plants 
of  simple  structure  and  of  great  variet3\  The  family  of  cacti  will 
serve  for  illustration.  Supposing  all  these  to  have  sprung  from 
one  primordial  form,  and  granting  that  its  spines  are  for  protec- 
tion, what  possible  gain  has  any  one  species  obtained  among  the 
vast  variet}^  of  form  of  plant  or  spines  which  enables  it  on  that 
account  to  get  along  better  than  its  neighbor?  Supposing  one 
species  had  a  fascicle  of  twenty  spines,  how  would  it  be  the  gainer 
by  developing  a  new  species  with  but  ten,  or  another  one  with 
forty  ?  The  only  argument  I  ever  heard  in  such  cases  is  that  they 
must  be  individually  beneficial  or  they  would  not  exist.  This  is 
not  the  kind  of  reasoning  that  will  satisfy  us  to-day,  especially  as 
a  different  view  of  the  objects  of  nature  will  furnish  us  with  a 
better  answer. 

What  are  the  objects  of  nature?  What  will  this  world  and  all 
its  creatures  be  like  a  hundred  centuries  from  now  ?  We  see  by 
the  past  as  compared  with  the  present  that  the  one  great  aim  is 
development.  Nothing  now  is  as  it  was  then  ;  and  yet  how  closely 
connected  is  the  present  with  the  past !  Then,  as  now,  there  was 
a  struggle  for  life  ;  but  the  gain  to  the  conquerors  was  far  less  to 
them  than  to  us.  In  one  word  it  is  posterity  at  which  nature  aims. 
It  is  not  only  those  who  die  in  the  struggle  who  abandon  life  that 
others  may  live.  It  is  only  a  few  more  years,  as  seen  in  the  light 
of  ages,  before  those  for  whom  the  others  seemed  to  die  follow 
after.  Self-sacrifice  and  not  self-interest  is  nature's  demand  on  us 
all.  We  are  here  as  Nature's  invited  guests ;  to  do  her  work ;  to 
assist  in  this  work  of  developing  the  future.  She  makes  our  stay 
as  pleasant  to  us  as  possible  ;  we  should  not  do  her  work  willingly 
unless  she  did,  but  she  ruthlessly  removes  us  the  moment  we  are 
no  longer  of  use  to  her  in  her  plans  of  development.  All  nature 
is  at  work ;  but  all  this  work  would  be  vanity  if  it  were  merely  for 
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individual  good,  and  utility  ended  with  individual  life.  Look  at 
some  poor  mother  toiling  for  her  children,  perhaps  in  poverty,  and 
"With  bat  the  barest  necessaries  of  life  to  eat, — without  rest  or  sleep 
that  they  may  be  fed  and  clothed ;  watching  over  them  day  by  day 
in  sickness  and  suffering,  till  her  own  health  gives  away,  and  she 
becomes  a  haman  wreck.  She  takes  pleasure  of  course  in  this  sac- 
rifice ;  her  lot  would  be  truly  unbearable  if  she  did  not.  But 
wherein  is  the  individual  benefit?  Nol  her  struggle  is  not  for 
life.  It  is  self-sacrifice.  She  is  aiding  Nature  in  her  great  law 
of  development.    Her  work  is  for  posterity. 

Just  as  you  see  it  among  human  beings,  you  find  it  among  all 
other  animals.  The  most  selfish  of  all  will  lay  down  its  life  for 
its  young;  its  work  like  ours  is.  for  the  future  of  its  race,  rather 
than  for  any  good  which  may  accrue  to  its  own  existence. 

We  find  precisely  the  same  laws  operating  in  the  vegetable  as  in 
the  animal  world.  We  discover  nothing  in  the  behavior  of  plants 
to  indicate  that  they  are  actuated  by  individual  good,  further  than 
may  be  necessary  to  enable  them  to  fall  in  with  Nature's  great  aim 
of  preparing  for  the  future.  Millions  of  seeds  are  produced  for 
every  one  tbat  grows ;  millions  grow  for  every  one  that  lives  long 
enough  to  flower ;  millions  of  flowers  open  for  every  one  that 
yields  seeds,  and  millions  on  millions  of  grains  of  pollen  are  pro- 
duced for  every  one  grain  that  is  of  service  in  fertilization. 
Under  the  individual  utility  theory  all  this  is  utter  waste,  and  that 
plant  life  should  be  employed  for,  say,  almost  the  whole  of  its  ex- 
istence, in  sheer  waste  of  effort  solely  that  one  moment  might  be 
possibly  useful,  is  beyond  all  comprehension.  It  is  customary  to 
explain  this  by  the  guess  that  nature  indulges  in  all  this  waste  in 
order  that  there  shall  be  no  chance  of  failure.  But  even  the 
thousandth  part  of  all  this  waste  would  be  sufiScient  for  this  per- 
manent policy  of  insurance.  Take  for  instance  the  sweet  chest- 
nut, Cdstanea  vesea^  count  the  number  of  stamens  in  a  single 
flower  of  a  male  catkin,  and  multiply  by  the  number  of  flowers  the 
catkin  bears ;  then  get  an  idea  of  the  number  of  male  catkins  on 
a  single  tree.  Remember  that  each  of  the  anthers  contains  hun- 
dreds of  pollen  grains,  and  conceive  if  you  can  the  myriad  millions 
of  pollen  grains  on  a  single  tree.  Now  look  at  your  few  bushels 
of  chestnuts,  and  remember  that  a  single  pollen  grain  served  for 
the  pro<luction  of  each  nut,  and  believe  if  you  can  that  nature  in- 
duced that  tree  to  produce  a  million  pollen  grains  in  order  that  one 
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should  Burely  do  its  work  I  Independently  of  this  consideration 
we  now  know  that  these  showy  male  flowera  fall  early,  and,  there 
is  reason  to  believe,  before  the  female  flowers  open,  and  that  pol- 
linizatiou  is  effected  by  a  second  crop  of  male  flowers  which  ap- 
pear simultaneously  and  on  the  same  spike  with  the  female. 
Moreover,  we  And,  by  what  are  known  as  cleistogene  flowers,  that 
nature  can  effect  fertilization  without  any  waste  of  pollen  were 
she  so  minded.  In  Viola  there  is  about  a  grain  of  pollen  to  each 
ovary  in  the  cleistogamous  flower.  Another  point  has  been  sug- 
gested,—  that  this  wonderful  amount  of  vegetable  exertion  is  to  se- 
cure cross- fertilization,  and  this  seems  to  be  sustained  by  the  small 
amount  produced  by  cleistogene  flowers ;  but  allowing  for  all  this 
it  still  does  not  account  for  the  enormous  waste.  But  we  find  these 
surplus  seeds,  surplus  plants,  surplus  pollen,  are  useful,  not  to  the 
parents  which  bore  them,  not  in  any  way  to  themselves,  but  as  sac- 
rifices to  posterity.  They  ser>'e  as  food.  They  die  that  something 
else  may  live.  They  all  work  in  with  Nature's  grand  aim  of 
developing  something  for  the  future.  At  the  present  time  the 
eyes  of  science  are  turned  to  the  past.  We  compare  the  dim  view 
with  that  which  is  about  us,  and  we  perceive  that  all  things  have 
worked  together  for  the  good  of  the  whole.  We  see  that  nothing 
has  lived  in  vain.  We  know  that  in  the  general  economy  of  na- 
ture there  is  no  waste  anywhere.  Had  the  past  turned  to  where 
we  stand  it  would  have  seen  nothing.  People  then  would  have 
had  a  better  right  to  believe  than  we,  that  individual  utility  is  at 
the  bottom  of  all  life  ;  that  ^^  No.  1  is  the  first  law  of  nature."  It 
is  for  us  to  see  that  self-sacrifice  was  really  their  lot,  and  what  was 
the  future  for  them  will  still  be  the  law  of  the  future  as  the  world 
rolls  on. 

To  my  mind,  then,  no  doctrine  of  evolution,  no  theory  of  natural 
selection,  will  be  perfect  that  looks  to  individual  or  immediate 
utility  alone  as  its  foundation-stone.  Self-sacrifice,  the  good  of 
the  future  at  the  expense  of  the  individual  or  of  the  race,  if  need 
be,  must  hold  the  primal  rank. 

Let  us  now  turn  to  look  at  nature.  I  am  satisfied  that  not 
even  the  wonderfully  acute  powers  of  observation  of  the  great 
Darwin  led  him  to  perceive  the  wonderful  variations  there  are  in 
vegetation  everywhere.  It  is  a  common  saying  that  things  are 
"  as  much  alike  as  two  peas  ;"  but  if  you  look  with  a  microscope 
you  will  not  find  two  peas  alike.    No  two  leaves  on  a  tree  can  be 
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found  exactly  alike.  In  outline,  serration,  pubescence,  venation, 
some  one  thing  or  another  you  will  find  unlike  the  one  you  com- 
pare with. 

Individual  plants  are  not  like  other  plants.  You  will  be  sur- 
prised if  you  compare  closely  to  find  how  much  tiiey  differ.  It  is 
hest  to  take  for  examination  those  genera  which  have  but  a  single 
species,  so  that  no  objections  from  cross-fertilization  may  arise. 
Take  the  ox-eye  daisy,  CIu^yHanthenium  Leucanthemum^  Linaria 
vulgaris,  or  Epigcea  repens.^  I  name  these  because  they  are  com- 
mon, and  because  I  have  carefully  examined  them,  and  I  have 
never  found  two  plants  from  different  seeds,  but  differed  in  some 
respect,  either  in  foliage  or  inflorescence.  You  will  find  differ- 
ences in  cotyledons  as  well  as  in  the  primary  leaves  which  succeed 
them.  Examine  a  series  of  first  leaves  of  Rohinia  pseud-acacia 
the  common  locust ;  some  are  elongated,  some  orbicular,  some 
panduriform,  some  oblate,  and  these  varying  again  in  other  char- 
acters. I  have  examined,  for  these  facts,  plants  obtained  from 
seed  of  the  same  tree.  I  also  exhibit  a  series  of  Pyrus,  or  Cydo- 
Ilia  Jajx)nica,  which  I  do  know  were  raised  from  seed  produced  on 
one  bush.  There  are  some  two  hundred  seedlings,  and  not  only  are 
no  two  alike,  but  there  are  amazing  differences  of  form  in  the  foli- 
age, from  narrow  saliciform  to  almost  round.  Our  esteemed  fellow 
member  and  secretary  of  this  meeting,  Mr.  William  Saunders, 
showed  me  some  seedling  gooseberries  of  remarkable  character. 
The  seed  was  all  from  one  berry,  but  the  plants  varied  ;  some 
with  very  bristly  fruit,  some  with  stnooth  fruit,  and  I  have  myself 
seen  ovate  and  globular  fruited  plants  also  raised  from  seed  of 
one  beny.  I  also  exhibit  two  branches  from  two  plants  of  Rosa 
cinnum(yniea,  both  plants  raised  from  seed  from  one  seed  vessel, 
in  which  you  see  one  branch  almost  wholly  free  of  thorns  and 
bristles ;  the  other  densely,  nay  ferociously,  armed  with  long 
bristles  and  thorns.  1  could  indefinitely  continue  these  illustra- 
tions ;  3'on  may  at  any  time  find  numbers  for  yourselves.  You 
will  have  no  difficulty  in  believing  that  perpetual  variation  is  a 
condition  of  existence.  These  variations  have  no  special  ph3'sio- 
logical  value ;  no  one  will  say  that  the  possessor  of  one  form  has 
any  special  advantage  over  another  in  the  struggle  for  life.  Un- 
less tlu»y  are  the  incipient  stages  of  that  development  which  is  to 
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result  in  species  and  genera  in  the  futare,  they  have  absolutely  no 
meaning  at  all. 

Some  who  have  noticed  this  fact  of  aniversal  variation  attach 
little  importance  to  it.  They  believe  it  is  but  what  they  term  a 
limited  variation,  extending  only  to  a  certain  contracted  line,  and 
then  returning ;  that  such  variations  are  at  best  but  temporaiy 
and  have  no  place  under  hereditary  law.  I  confess  that  I  once  held 
this  opinion.  In  a  certain  sense  it  is  correct.  If  a  leaf,  oval, 
normally  as  we  would  say,  changes  until  it  becomes  round,  it  can- 
not afterwards  become  rounder.  A  plant  with  a  small  flower 
develops  one  with  a  large  flower.  As  flowers  are  morphologically 
changed  leaves,  a  flower  cannot  become  larger  than  the  original 
leaf-type  will  permit.  In  this  sense  there  must  be  a  limit  to  varia- 
tion, but  in  no  other  sense  that  I  can  find. 

In  the  many  combinations  which  can  be  made  with  a  few  ele- 
ments, there  is  continuous  change. 

In  regard  to  heredity  I  know  from  many  years'  experience,  and 
contrary  to  generally  received  opinion,  that  any  valuation  that 
appears  in  nature  is  capable  of  being  perpetuated  under  the  laws 
of  heredity  in  Just  the  same  degree  as  those  plants  which  we  com- 
monly regard  as  species.  Let  a  white  variety  of  a  colored  flower 
appear,  and  its  progeny  will  continue  white-flowered.  I  have 
had  several  generations  of  purple-leaved  berberries  and  weeping 
peaches,  and  weeping  ashes  produce  weeping  seedlings.  Purple 
peaches,  golden  spirseas,  vai-iegated  plants  of  all  kinds  reproduce 
their  kind  with  only  just  so  much  variation  as  we  flnd  in  connection 
with  all  things. 

I  may  remark  further  that  sex,  while  to  some  extent  an  agent 
under  the  laws  of  variation,  acts  with  greater  force  as  an  agent 
under  heredity.  Under  the  laws  of  variation  A  may  depart  some- 
what from  B  on  one  side ;  and  on  the  other  side  C  departs  from 
S ;  but  an  insect  cross-fertilizing  A  with  the  pollen  of  C  brings 
the  progeny  again  towards  B,  and  thus  cross-fertilization  acts  as  a 
check  on  rapid  divergence.  I  have  noticed  this  action  of  bees  in 
the  case  of  variations  in  Linana  vulgaris,^  On  the  other  hand 
there  may  be  three  variations,  A,  B,  C ;  B  being  an  advance  on 
A,  but  B  is  fertilized  by  C ;  C  having  no  opportunity  to  perpet- 
ate  itself  dies  out ;  but  B  succeeding  in  this  has  gained  a  step 

*  Proceedings  of  Academy  of  Natural  Sciences  of -PbUadelphia,  18T2,  p.  235. 


J 


BY  THOMAS   MEEHAN. 


445 


through  the  sexual  agency  of  C.  To  my  mind  the  operation  of 
the  law  of  sex  in  connection  with  heredity,  cliccking  too  great  a 
tendency  to  wander  off  and  mix  with  the  world,  producing  as  it 
were  a  sort  of  family  relationship  which  it  takes  several  genera- 
tions under  the  law  of  variation  to  break  up,  is  a  far  more  legiti- 
mate theory  of  the  use  of  cross-fertilization  than  anything  which 
has  been  brought  out  under  the  more  selfish  hypothesis  of  utility 
to  the  individual  or  to  its  immediate  descendants. 

Now  let  us  formulate  our  own  theory  of  evolution  and  the  origin 
of  si)ecies  by  natural  selection. 

Nature  primarily  knows  only  the  individual.  This  individual  is 
made  to  reproduce  itself  after  a  short  term  of  life,  but  with  some 
general  resemblance ;  yet  every  individual  varies  from  its  parent, 
some  in  one  direction,  some  in  another,  the  object  of  this  variation 
being  to  reach  some  harmonious  result  far  away  in  the  future —  a 
future  which  seems  to  us  almost  an  eternity  of  years.  The  march  of 
this  variation  is  held  in  temporary  check  by  heredity,  aided  espec- 
ially by  the  influence  of  sex.  Individuals  become  a  large  community. 
The  wide  world  is  around  them.  Those  on  the  outside  of  the  circle 
battle  with  the  rest  of  the  world  ;  those  in  the  interior  battle  also 
with  themselves.  For  illustration  we  will  call  the  community  a 
pine  forest.  Millions  of  seeds  are  produced  .on  the  trees  of  those 
of  the  interior,  not  a  hundred  in  a  million  will  grow  ;  of  these  hun- 
dred not  ten  may  come  to  be  young  trees ;  and  of  these  ten  not 
more  than  one  may  get  the  chance  to  reproduce  itself.  Suppose 
that  one  happens  to  be  what  the  human  mind  should  regard  as  a 
striking  variation ;  cross-fertilization  steps  in  and  draws  it  back  to 
the  original.  No  matter  how  great  might  be  the  physiological 
value  of  the  variation  to  that  tree  in  any  ordinary  struggle  for 
life,  antagonizing  circumstances  render  the  point  gained  of  no  pos- 
sible use  to  it.  But  if  the  variation  find  itself  on  the  outside  of 
this  circle,  with  no  struggle  with  its  own  kind,  with  plenty  of 
chance  to  mature  its  seed,  an  abundance  of  room  for  the  young 
plants  to  develop,  little  opportunity  for  cross-fertilization  to  mar 
the  distinctive  variation  it  has  gained,  and  still  gain  a  chance  for 
the  progeny  to  reproduce  in  the  same  way,  heredity  will  give  you 
a  distinct  series,  which  will  lead  to  arguments  whether  they  are 
hybrids,  varieties  or  species.  If,  however,  acres  of  the  interior  of 
the  forest  get  destroyed,  and  nothing  but  the  outline  of  the  circle 
is  left,  if  there  should  arise  a  sort  of  Pacific  Ocean  over  what  was 
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once  the  land,  and  onl}',  say  Japan,  remain  on  the  west,  and  the 
Atlantic  United  States  on  tlie  east,  you  would  have  only  the  mod- 
ern variations  left  to  tell  the  ancient  story.  It  may  not  be  the 
centre  which  meets  this  destructive  fate.  Some  forms,  as  for  in- 
stance Onodea  sensibilis^  the  well  known  fern,  may  avoid  destruction, 
and  get  enwrapped  in  the  laws  of  heredity  for  a  hundred  thousand 
3*ears,  wliile  some  or  all  of  its  progeny  may  have  l)een  swept 
away.  There  is  no  reason  why  grandparents  among  species  may 
not  survive  long  after  ever}'  cliild  or  grandchild  has  ceased  to  be. 
The  advance,  the  resting  spot  for  the  famil}',  the  further  advance 
and  the  changes,  the  weeding  out,  and  the  survival  of  the  fittest 
to  carry  on  the  great  work  of  destiny,—  how  simple  thus  liecomes 
the  doctrine  of  evolution  and  the  theory  of  natural  selection ! 

We  have  taken  the  facts  for  our  own  conclusions  as  we  have  gone 
along ;  let  us  finall}'  examine  one  more  illustration.  Here  we  have  a 
series  of  cones  made  up  from  trees  growing  within  a  circuit  of,  say, 
a  day's  ride  around  Hammonton,  N.  J.  They  are  all  from  trees  of 
Pinus  rigida.  From  one  tree  we  have  cones  four  inches  long  and 
almost  round  ;  others  four  inches  long  and  not  two  inches  wide; 
the  one  woidd  be  called  almost  linear,  the  other  almost  globose. 
Others  are  flat  at  the  base  and  will  stand  upright;  the  others 
are  rounded  and  roll  over  like  marbles.  One  is  so  small  as  to 
be  not  more  than  an  inch  in  length,  and  yet  with  perfect  seeds. 
Some  have  very  narrow  scales,  others  have  very  wide  ones.  Some 
open  slightly,  but  never  much,  others  open  so  much  that  they  re- 
flex. Then  there  are  some  which  to  the  best  of  mv  belief  never 
open.  Then  we  find  several  characters  going  along  together. 
For  instance,  it  is  the  narrow  scaled  forms  which  recurve ;  while 
the  broader  the  scale  the  less  tendency  there  is  in  the  cone  to 
open  and  scatter  the  seed.  We  sec  that  all  these  cones  belong  to 
Pinua  rigida^  because  between  each  cone  there  is  but  a  shade  of 
difference.  Now  I  have  already  shown  you  that  seeds  of  any  one  of 
these  cones  would  produce  trees  bearing  cones  with  a  general  i*e- 
semblance  to  the  parent  cone.  Supposing  all  these  intermediates 
were  to  be  crowded  out,  and  only  the  two  extremes  left,  there  is 
not  a  botanist  but  would  regard  them  as  two  distinct  species. 
Now  what  I  have  given  you  ns  a  suppositious  case  is  an  actual 
truth.  We  have  at  one  end  Pinus  rigida^  at  the  other  Pinus  sei'O' 
tina  of  the  older  botanists.  Pinus  serotina  is  no  longer  considered 
a  good  species.    Why  ?      Not  because  there  was  any  error  in  the 


i 


BT  THOMAS   MEEHAN. 


447 


original  description,  but  simply  because  we  have  found  the  miss- 
ing links.  You  cannot  conceive  of  any  physiological  value  to  the 
individual  or  to  the  race  to  spring  from  any  of  these  changes  from 
the  original  form  ;  j'ou  will  not  for  one  moment  believe  that  in  any 
one  of  I  hose  forms  there  is  the  slightest  advantage  to  be  gained 
over  the  other  in  what  would  be  generally  understood  as  the 
struggle  for  life.  On  the  contrary,  j'ou  will  find  one  which  has  the 
cone  dosed,  and  in  this  particular  lost  the  power  to  readily  dis- 
tribute tiie  seeds ;  lost  the  great  advantage  of  numbers  in  the 
tremendous  battle ;  is  the  one  form  which  has  so  well  succeeded 
in  estr.blishing  itself  as  to  be  the  only  one  which  has  gained  a  dis- 
tinctively botanical  name. 

I  think  you  will  come  to  agree  with  me  that  "  the  race  is  not 
always  to  the  swift,  nor  the  battle  to  the  strong"  is  just  as  true  in 
the  development  of  species  as  in  morals  ;  that  the  whole  round  of 
organic  existence  is  not  one  of  self-seeking  advantage  over  one's 
neiiihbor,  but  one  of  intrepid  self-sacrifice ;  and  that  the  doctrine 
of  evolution  and  the  theory  of  natural  selection  are  rendered 
clearer  and  stronger  by  the  perception  of  these  facts. 

I  might  rest  here,  but  science  cannot  afford  to  ignore  the  objec- 
tions sometimes  made  that  evolution  and  especially  the  theory  of 
natural  selection  is  opposed  to  doctrines  which  are  held  sacred  by 
so  larije  a  portion  of  the  human  race.  I  would  rather  that  we 
could  iurnorc  them.  Science  should  be  allowed  to  work  out  its  own 
salvation,  if  there  be  aught  in  it  worth  saving.  It  would  die  of 
itself  when  it  had  nothing  to  live  on  ;  but  objections  being  made 
it  is  a  gain  to  science  to  show  that  they  have  no  force. 

The  essential  doctrine  of  Christianity  is  self-sacrifice.  It  was 
the  great  burden  of  its  founder's  teaching,  and  was  illustrated  by 
the  sacrifice  of  his  own  life.  True  happiness  to  him  was  to  do  the 
will  of  Him  who  sent  him. 

IIow  exactly  does  this  not  accord  with  the  laws  of  nature  as  I 
have  unfolded  them?  Variation,  as  we  have  seen,  is  established, 
not  that  things  which  vary  derr\'e  any  special  advantage  by  the  va- 
riation, but  that  all  varied  things  may  work  the  better  together  for 
the  gooil  of  some  future  object,  to  them  unknown.  Their  work  is 
of  no  advantage  to  them,  but  the  task  is  made  pleasant,  so  that 
the  work  maj'  still  go  on. 

And  the  reaper,  death,  gathers  in  his  harvest  of  species,  just  as 
he  gathers  in  his  harvest  of  individuals,  without  regard  to  youth  or 
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old  age,  to  the  strong  or  to  the  weak,  oftentimes  confonndiog  our 
reason  by  the  mere  assertion  of  his  will,  and  leaving  us  no  alter- 
native but  to  believe  that  natural  selection,  true  as  it  is  and  must 
be,  is  still  in  the  hands  of  some  directing  power  which  we  have 
not  yet  fathomed,  but  which  is  making  all  things  work  together 
for  some  great  future  object,  of  which,  as  yet,  not  the  faintest 
glimmer  has  been  perceived  by  the  wisest  man. 

There  is  no  conflict  between  the  doctrine  of  evolution  with  its 
theory  of  natural  selection  and  the  essential  doctrines  of  Chris- 
tianity. Rather,  as  I  believe,  will  the  day  arrive  when  those  who 
advocate  these  views  will  be  regarded  as  Christianity's  best 
friends. 


PAPERS  READ. 


Remarks  Concerning  the  Flora  of  North  America.    By  Asa 
Gray,  of  Cambridge,  Mass. 

In  the  remarks  which  I  have  to  offer  to  this  Section,  you  will 
understand  the  word  Flora  to  be  written  with  a  capital  initial. 
I  am  to  speak  of  the  attempts  made  in  my  own  day,  and  still 
making,  to  provide  our  botanists  with  a  compendious  systematic 
account  of  the  phaenogamous  vegetation  of  the  whole  country 
which  the  American  Association  calls  its  own. 

I  shall  make  no  effort  to  avoid  the  personal  turn  which  my 
narrative  is  likely  to  take.  In  fact,  it  will  be  seen  that  I  have 
partly  a  personal  object  in  drawing  up  this  statement. 

Only  two  Floras  of  North  America  have  ever  been  published 
as  completed  works,  that  of  Michaux  and  that  of  Pursh.  A 
third  was  begun  (by  Dr.  Torrey,  assisted  by  a  young  man  who  is 
no  longer  young),  by  the  publication  in  the  summer  of  1838  of  a 
first  fasciculus;  the  first  volume  of  700  pages  was  issued  two 
years  afterward ;  and  500  pages  of  the  second  volume  appeared 
in  1841  and  in  the  early  part  of  1843.  The  time  for  continuing 
it  in  the  original  form  has  long  ago  passed  by.  Its  completion 
in  the  form  in  which  I  have  undertaken  it  anew,  is  precarious. 
Precarious  in  the  original  sense  of  the  word,  for  it  is  certainly  to 
be  prayed  for :  precarious,  too,  in  the  current  sense  of  the  word 
as  being  uncertain ;  yet  not  so,  according  to  an  accepted  definition, 
viz. :  "  uncertain,  because  depending  upon  the  will  of  another ;" 
for  it  is  not  our  will  but  our  power  that  is  in  question ;  and  it  is 
only  by  the  combined  powers  and  efforts  of  all  of  us  interested  in 
Botany  that  the  desired  end  can  possibly  be  attained. 

It  were  well  to  consider  for  a  moment  how  and  why  it  is  that 
a  task  which  has  twice  been  —  it  would  seem  —  easily  accom- 
plished has  now  become  so  difiScult. 

The  earliest  North  American  Flora,  that  of  the  elder  Michaux, 
appeared  in  the  year  1803.  It  was  based  entirely  upon  Michaux's 
own  collections  and  observations,  does  not  contain  any  plants 
which  he  had  not  himself  gathered  or  seen,  is  not,  therefore,  an 
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exhaustive  summary  of  the  botany  of  the  country  as  then  known, 
and  so  was  the  more  readily  prepared.  Michaux  came  to  this 
country  in  1785,  returned  to  France  in  179C,  left  it  again  in 
Baudin's  expedition  to  Australia  in  1800,  and  died  of  fever  in 
Madagascar  in  1802.  The  Flora  purports  to  be  edited  by  his  son, 
F.  A.  Michaux,  who  signed  the  classical  Latin  preface.  The  finish 
of  the  specific  characters,  and  especially  the  excellent  detailed  char- 
acters of  the  new  genera,  reveal  the  hand  of  a  master ;  and  tradi- 
tion has  it  that  these  were  drawn  up  by  Louis  Claude  Richard, 
who  was  probably  the  ablest  botanist  of  his  time.  This  tradition 
is  confirmed  by  the  fact  that  Richard's  herbarium  (bequeathed  to 
his  son,  and  now  belonging  to  Count  Franqueville),  contains  an 
almost  complete  set  of  the  plants  described,  and  I  found  that  the 
specimens  of  Michaux  supplied  to  Willdenow's  herbarium  at 
Berlin  were  ticketed  and  sent  by  Richard.  Not  only  the  younger 
Richard  but  Kunth  also  habitually  cited  the  new  genera  of  the 
work  as  of  Richard,  and  some  others  have  followed  this  example. 
Singularly  enough,  however,  there  is  no  reference  whatever  to 
Richard  in  any  part  of  the  Flora,  nor  in  the  elaborate  preface. 
The  most  venerable  botanist  now  living  told  me  that  there  was  a 
tradition  at  Paris  that  Richard  performed  a  similar  work  for  Per- 
soon's  Synopsis  Plantai-um^  and  that  he  declined  all  mention  of 
his  name  in  the  synopsis  and  in  the  Flora,  because  the  two  works 
—  contrary  to  the  French  school  —  were  arranged  upon  the  Lin- 
nsean  Artificial  System.  He  had  his  way,  and  the  tradition  may 
be  preserved  in  history ;  but  his  name  cannot  be  cited  for  the 
genera  Elytraria^  Micranthemum^  Elodea,  Stipidicida,  Dichromena^ 
Oryzopsis,  Erianilius^  and  the  like.  For,  by  the  record  these  are 
of  Michaux^  Flora  Boreali- Americana,  and  not  of  Richard. 

Michaux's  explorations  extended  from  Hudson's  Bay,  which 
lie  reached  by  way  of  the  Saguenay,  to  Florida,  as  far,  at  least, 
as  St.  Augustine  and  Pensacola;  he  was  the  first  botanical 
explorer  of  the  higher  Alleghany  Mountains,  and,  crossing  these 
mountains  in  Tennessee,  he  reached  the  Mississippi  in  Illinois, 
and  was  as  far  south  as  Natchez.  His  original  itinerary,  which  I 
once  consulted,  is  preserved  by  the  American  Philosophical  Society, 
at  Philadelphia,  to  which  it  was  presented  by  his  son.  It  ought 
to  be  printed.  That  little  journal  shows  that  it  was  not  Michaux's 
fault  that  the  first  Flora  of  North  America  was  restricted  to  the 
district  east  of  the  Mississippi  River.      He  had  a  scheme  for 
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crossing  the  continent  to  the  Pacific.  He  warmly  solicited  the 
government  at  Washington  to  undertake  such  an  exploration,  and 
offered  to  accompany  it  as  naturalist.  This  may  have  been  the 
germ  or  the  fertilizing  idea  of  the  expedition  of  Lewis  and  Clark, 
which  was  sent  out  a  few  years  afterward  by  Jefferson,  to  whom, 
if  I  rightly  remember,  Michaux  addressed  his  enterprising  pro- 
posal. 

Leaving  out  the  Cryptogams  of  lower  rank  than  the  Ferns,  we 
find  that  the  Flora  of  Michaux,  published  at  the  beginning  of  this 
century,  say  eighty  years  ago,  contains  1530  species,  in  528  genera. 
No  very  formidable  number;  as  to  species  (speaking  without  a 
count)  little  over  half  as  many  as  are  described  in  my  Manual  of 
the  Botany  of  the  Northern  States,  which  covers  less  than  half  of 
Michaux's  area. 

Eleven  years  afterward,  namely,  in  the  year  1814  (the  preface 
is  dated  December,  1813),  appeared  the  second  Flora  of  ^orth 
America,  namely  the  Flora  Americce  SeptentiHonalis  by  Frederick 
Pursh.  This  was  not  confined  to  the  author's  own  collections,  but 
aimed  at  completeness,  or  to  give  "  a  systematic  arrangement  and 
description  of  the  plants  of  North  America,  containing,  besides 
what  have  been  described  by  preceding  authors,  many  new  and 
rare  species,  collected  during  twelve  years'  travels  and  residence 
in  that  country." 

It  appears  that  Pursh  was  born  at  Tobolsk,  in  Siberia,  of  what 
parentage  we  do  not  know.  He  himself  tells  us,  in  his  preface, 
that  he  was  educated  in  Dresden,  and  he  came  to  this  country  — 
to  Baltimore  and  Philadelphia — at  the  close  of  the  last  century, 
when  he  must  have  been  only  twenty-five  years  old.  He  was  able 
to  make  the  acquaintance  not  only  of  Muhlenberg,  who  survived 
until  1815,  and  of  Wm.  Bartram,  who  died  in  1823,  but  also  of 
the  veteran  Humphrey  Marshall,  who  died  in  1805.  His  early 
and  principal  patron  was  Dr.  Benjamin  Smith  Barton,  who  sup- 
plied the  means  for  most  of  the  travels  which  he  was  able  to  un- 
dertake, and  who,  as  Pursh  states,  '^  for  some  time  previous  had 
been  collecting  materials  for  an  American  Flora."  Pursh's  per- 
sonal explorations  were  not  extensive.  From  1802  till  1805  he 
was  in  charge  of  the  gardens  of  Wm.  Hamilton,  near  Philadelphia. 
In  the  spring  of  the  latter  year,  as  he  sa3'S,  he  "  set  out  for  the 
mountains  and  western  territories  of  the  Southern  States,  beginning 
at  Maryland  and  extending  to  the  Cnrolinas  (in  which  tract  the 
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interesting  high  mountains  of  Virginia  and  Carolina  took  my  pa^ 
ticular  attention),  returning  late  in  the  autumn  through  the  lower 
countries  along  the  sea-coast  to  Philadelphia."  But,  in  tracing 
his  steps  by  his  collections^  and  by  other  indications,  it  appears 
that  he  did  not  reach  the  western  borders  of  Virginia  nor  cross  its 
southern  boundary  into  the  mountains  of  North  Carolina.  The 
Peaks  of  Otter  and  Salt-pond  Mountain  (now  Mountain  Lake) 
were  the  highest  elevations  which  he  attained.  Pursh's  preface 
continues :  ^^  The  following  season,  1806, 1  went  in  like  manner 
over  the  Northern  States,  beginning  with  the  mountains  of  Penn- 
sylvania and  extending  to  those  of  New  Hampshire  (in  wbicii 
tract  I  traversed  the  extensive  and  highly  interesting  country  of 
the  Lesser  and  Great  Lakes),  and  returning  as  before  by  the  sea- 
coast."  The  diary  of  this  expedition,  found  among  Dr.  Barton's 
papers  and  collections  in  possession  of  the  American  Philosophical 
Society,  has  recently  been  printed  by  the  late  Mr.  Thomas  Potts 
James.  It  shows  that  the  journe}'  was  not  as  extended  or  as 
thorough  as  would  be  supposed ;  that  it  was  from  Philadelphia 
directly  north  to  the  Pokono  Mountains,  thence  to  Onandaga, 
and  to  Oswego, — the  only  point  on  the  Great  Lakes  reached,— 
thence  back  to  Utica,  down  the  Mohawk  Valley  to  Saratoga,  and 
north  to  the  upper  part  of  Lake  Champlain  and  to  the  lesser  Green 
Mountains  in  the  vicinit}'  of  Rutland,  but  not  beyond.  Discouraged 
by  the  lateness  of  the  season,  and  disheartened — as  he  had  all  along 
been  —  by  the  failure  and  insufficiency  of  remittances  from  his 
patron,  Prush  turned  back  from  Rutland  on  the  22d  of  September, 
reached  New  York  on  the  1st  of  October,  and  Philadelphia  on  the 
5th.  The  next  year  (1807)  Pursh  took  charge  of  the  Botanic 
Garden  which  Dr.  Hosack  had  formed  at  New  York  and  afterwaiti 
sold  to  the  State,  which  soon  made  it  over  to  Columbia  Collie.* 
In  1810,  he  made  a  voyage  to  the  West  Indies  for  the  recovery  of 
his  health.  Returning  in  the  autumn  of  1811,  he  landed  at  Wis- 
casset,  in  Maine,  *'  had  an  opportunity  of  visiting  Professor  Peck 
of  Cambridge  College,  near  Boston,"  and  of  seeing  the  alpine 

1  Id  herb.  Barton  and  herb.  Lambert. 

•  Expecting:,  no  doubt,  that  it  would  be  kept  np.  But  "the  Elgin  Botanic  Garden'* 
was  80on  discontinued.  It  occupied  tlie  block  of  gronnd  now  coTered  by  theboildiagf 
of  the  College,  and  the  surrounding  tract— now  so  valnable— firom  which  the  College 
derives  an  ample  revenue.  Noblesse  oblige,  and  It  may  be  expected  that  the  College— 
BO  enriched— will,  before  long,  provide  Itself  with  a  botanical  protesBorship,  and  see 
to  the  carenil  preservation  and  maintenance  of  the  precious  Torrey  Herbarium,  whick 
it  possesses  along  with  other  8uJi)8idiary  herbaria. 
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plants  which  Peck  had  collected  on  the  White  Mountains. ^  At 
the  end  of  the  latter  year  or  earl}'  in  1812  he  went  to  England 
with  his  collections  and  notes;  and  at  the  close  of  1813,  under 
the  auspices  of  Lambert,  he  produced  his  Flora,  consulting,  the 
while,  the  herbaria  of  Clayton,  Pallas,  Plukenet,  Catesby,  Morison, 
Sherard,  Walter,  and  that  of  Banks.  Evidently  such  consulta- 
tions and  the  whole  study  must  have  been  rapid.  The  despatch 
is  wonderful.  One  can  hardly  understand  the  ground  of  the 
statement  made  by  Lambert  to  my  former  colleague,  Dr.  Torrey, 
that  he  was  obliged  to  shut  Pursh  up  in  his  house  in  order  to  keep 
him  at  his  work. 

I  know  not  how  Pursh  was  occupied  for  the  next  four  years,  nor 
when  he  came  to  Canada.  But  he  died  here  at  Montreal,  in  1820, 
at  the  early  age  of  fort3''-six.  More  is  probably  known  of  him 
here.  If  I  rightly  remember,  his  grave  has  been  identified,  and  a 
stone  placed  n|K)n  it  inscribed  to  his  memory.^  A  tradition  has 
come  down  to  us —  and  it  is  partly  confirmed  by  a  statement  which 
Lambert  used  to  make,  in  reference  to  the  vast  quantity  of  beer 
be  had  to  furnish  during  the  preparation  of  the  Flora — that,  in  his 
latter  days,  our  predecessor  was  given  to  drink,  and  that  his  days 
were  thereby  shortened.  * 

In  Pursh's  Flora  we  begin  to  have  plants  from  the  Great  Plains, 
the  Rocky  Mountains,  and  the  Pacific  Coast,  although  the  collec- 
tions were  very  scanty.  The  most  important  one  which  fell  into 
Pursh*s  hands  was  that  of  about  150  specimens,  gathered  by  Lewis 
and  Clark  on  their  homeward  journey  from  the  mouth  of  Columbia 
River.     A  larger  collection,  more  leisurely  made  on  the  outward 

*  It  is  at  WiscAMet,  therefore,  thnt  Pursh's  *'  Planioffo  cucuUata  Lam ia 

wet  rocky  situations,  Canada  and  Province  of  Maine,'*  is  to  be  sought.  Mr.  Pringle 
baa  recently  foand  the  ralated  P.  ComtUi  (which  may  be  the  plant  meant),  in  Lower 
Canada,  not  far  from  the  other  side  of  Maine. 

Itmnst  hare  been  In  Professor  Peck's  lierbarium  (no  longer  extant),  that  Pursh  saw 
what  he  took  to  bo  Alekeuilla  alpiiia,  which  he  remarks  **  v.  «."  and  refers  to  H'om  mem- 
ory only,  probably  mistakenly.  For  it  has  not  Fince  been  detected  cither  in  Vermont 
or  New  Hampshire,  or  nnywliore  in  North  America;  and  Pursh's  Journal  makes  it  cer- 
tain that  he  did  not  rencli  any  alpino  region  in  the  Green  Mountains. 

*  In  tlie  Canadian  Natumlist,  Principal  Dnwson  gives  a  brief  account  of  the  transfer- 
wiceof  the  remains  of  Pursh  from  a  graveyard  below  Montreal,  in  which  they  were 
Interred,  to  the  beautiful  Mount  Boyal  Cemetery,  where  they  rest  in  a  lot  purchased 
for  the  purpose  and  under  a  neat  and  durable  granite  monument,  provided  by  the  nat^ 
uralists  of  Montreal  and  their  friends.  A  small  company  of  botanists,  led  by  Dr. 
Dawson,  visited  the  spot  shortly  after  the  reading  of  this  paper.  We  learned  that  Pursh 
foul  botanised  largely  in  Canada,  in  view  of  a  Canadian  Flora,  and  that  his  collections 
were  consumed  by  a  lire  at  Quebec  shorUy  before  bis  death,  to  his  extreme  discour- 
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journey,  w&s  lost.  Menzies  in  Vancouver's  voyage  liad  botanized 
on  the  Pacific  coast,  both  in  Calirornia  and  mnch  farther  nortb. 
Some  of  bis  plants  wei'e  seen  by  Fiirsb  in  the  Banksian  Herbariam, 
and  taken  up.  I  may  here  say  that  in  the  wintei-  of  1838-39  I 
bad  the  pleasure  of  making  tlie  acquaintance  of  the  venerable 
Menzies,  then  aljout  ninety-flve  years  old. 

In  the  Supplement,  Fnrsli  was  able  to  include  a  considerable 
number  of  species,  collected  by  Bradbuiy  on  the  Upper  Miasoori,  , 
in  what  was  then  called  Upper  Louisiana, — much  to  the  discon- 
teut  of  Nuttall,  who  was  in  that  region  at  the  same  time,  and  ivbo, 
indeed,  partly  and  impcifcctly  anticipated  Fureh  iu  «ertaiu  cases, 
tbi-ough  the  publication  by  tlie  Fraaera  of  a  catalogue  of  some  of 
the  plants  collected  by  Nuttall. 

To  come  now  to  the  extent  of  Pursh's  Flora,  published  nearly 
sixty-nine  3'ears  ago.  It  contains  740  genera  of  Phienoganious 
and  Filicoid  plants,  and  3070  species, — just  about  double  the 
number  of  species  contained  in  Micliaux's  Flora  of  eleven  yean 
before. 

I  must  omit  all  mention  of  more  restricted  works,  even  such  u 
Nuttall's  Genera  of  North  American  Plants,  which  came  only  four 
years  after  Pursh's  Flora;  also  the  Flora  Boreal i- Americana  of 
Sir  Wm.  Hooker,  which  began  in  1829,  but  was  restricted  to 
British  America.  I  cannot  say  how  early  it  was  that  my  revered 
master,  Dr.  Tori-ey,  conceived  the  idea  of  the  Flora  which  be  »t 
length  undertook.  But  lie  once  told  me  that  he  bad  invited 
Nuttall  to  join  him  in  the  production  of  such  a  work,  and  tbat 
Nuttall  declined.  This  roust  have  been  as  early  as  the  year  1832, 
tliat  is,  half  a  centniy  ago.  My  correspondence  with  Dr.  Torrcy 
began  in  the  summer  of  1830,  when  I  was  a  young  medical  slodcnt, 
and  three  or  four  years  aftei'waid  I  joined  him  at  New  York  and 
became,  for  a  short  time,  his  assistant,  for  all  the  rest  of  his  lire 
his  botanical  colleague.  He  was  very  much  occupied  with  bis 
duties  as  professor,  chiefly  of  chemistry;  he  had  not  yet  aban- 
doned the  idea  of  completing  his  Flora  of  the  Northern  and 
Middle  States,  the  first  volume  of  which  was  finished  in  1824, 
while  yet  free  from  all  professional  cares.  Although  woiking  in 
the  direction  of  the  larger  undertaking,  the  Flora  of  North  Amtr- 
tea  did  not  assume  definite  shape  before  the  year  1835.  I  believe 
that  Bome  of  the  first  actually-prepared  manuscript  for  it  was 
written  by  myself  in  that  or  the  following  year.    I  was  then  and 
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for  a  long  time  expecting  to  accompany  the  South  Pacific  Explor- 
ing Expedition,  as  originally  organized  under  the  command  of 
Commodore  Ap.  Catesby  Jones,  but  which  was  subject  to  long  de- 
lay and  many  vicissitudes  ;  during  which,  having  plentiful  leisure, 
I  tried  my  'prentice  hand  upon  some  of  the  earlier  natural  orders. 
Before  the  expedition,  as  modified,  was  ready  to  sail,  under  the 
command  of  Capt.  Wilkes,  I  had  accepted  Dr.  Torrey's  proposal 
that  I  should  be  his  associate  in  the  work  upon  which  I  had  made 
a  small  begioning  as  a  volunteer.  Two  parts,  or  half  of  the  first 
volume  (360  pages),  of  this  Flora,  were  printed  and  issued  in  July 
and  October,  1838. 

It  was  thought  at  first,  in  all  simplicity,  that  the  whole  task 
could  be  done  at  something  like  this  rate.  But,  apart  from  other 
coDsideratioDS,  it  soon  became  clear  that  there  had  been  no  proper 
identification  of  the  foundation-species  of  the  earlier  botanists, 
from  Linnffius  downward  ;  and  that  our  Flora  could  not  go  on  sat- 
isfactorily without  this.  Dr.  Torrey  had,  indeed,  some  years  before, 
made  a  hasty  visit  to  Hooker  at  Glasgow,  to  Loudon,  and  to  Paris ; 
but  the  taking  of  a  few  notes  upon  some  particular  plants  in  the 
herbaria  of  Hooker,  Lambert,  and  Michaux,  and  the  acquisition, 
from  Hooker,  of  a  good  set  of  the  Arctic  plants  of  the  British 
explorers,  was  about  all  that  had  been  done.  I  proposed  to  at- 
tempt something  more ;  so,  taking  advantage  of  a  favorable  oppor- 
tunity, I  sailed  for  Liverpool  in  November,  1838,  and  devoted  a 
good  part  of  the  ensuing  year  to  the  examination  of  the  principal 
herbaria,  which  I  need  not  here  specify,  in  Scotland  (where  the 
important  one  of  Sir  Wm.  Hooker  still  remained),  England, 
France,  Switzerland  and  Germany,  namely,  those  which  contained 
the  specimens  upon  which  most  of  the  then-published  North 
American  species  bad  been  directly  or  indirectly  founded,  es- 
pecially those  of  Linnaeus  and  Gronovius,  of  Walter,  of  Alton's 
Hortus  Kewensis,  Michaux,  Willdenow,  Pursh,  and  the  later  ones 
of  DeCandolle  and  Hooker.^ 

After  my  return  the  work  made  good  progress ;  the  remaining 
half  of  the  fii'st  volume  was  brought  out  in  the  spring  of  the  year 
1840,  and  by  the  spring  of  1843  the  500  pages  of  the  second  vol- 
ume, mostly  occupied  by  the  vast  order  Compositee,  had  been 
issued.    But  meanwhile  I  had  in  my  turn  to  assume  professorial 

'  See,  In  this  connection,  "Notices  of  Enropean  Herbaria  particalarly  those  most  in> 
terestlog  to  the  North  American  BotaAlst,"  in  this  Journal,  yol.  xi,  Janiuuy,  1840. 
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duties  and  incident  engagements, — with  the  result  that,  although 
the  study  of  North  American  plants  was  at  no  time  pretermitted, 
either  by  Dr.  Torrey  while  he  lived,  or  by  myself,  we  were  unable 
to  continue  the  publication  during  my  associate's  lifetime ;  and  it 
was  only  recently,  in  the  spring  of  1878,  that  I  succeeded  in  bring- 
ing out,  in  a  changed  form,  another  instalment  of  the  work,  com- 
pleting the  Gamopetaloe. 

In  the  interval  I  had  made  two  year-long  visits  to  Europe  for 
botanical  investigation,  the  first  partly  relating  to  the  botany  of 
the  South  Pacific,  the  second  wholly  in  view  of  the  North  American 
flora.  And  since  this  last  publication  still  another  visit — the 
fourth  and  we  may  suppose  the  last — of  the  same  character  and 
the  same  duration,  has  been  successfully  accomplished. 

The  serious  question,  in  which  we  are  all  concerned,  arises, 
whether  this  work  can  be  carried  through  to  a  completion,  and  the 
older  parts  (wholly  out  of  print  and  out  of  date),  reelaborated 
— I  will  not  say  by  ray  hands — but  in  my  time,  or  soon  enough 
to  render  the  whole  a  reasonably  full  and  homogeneous  repi'esen- 
tation  of  the  North  American  flora,  as  known  in  this  latter  part  of 
the  nineteenth  century.  And  it  brings  us  to  consider  why  the 
undertaking,  to  which  so  much  time  has  been  devoted,  should  be 
so  slow  of  accomplishment. 

If  this  slowness  is  a  constant  wonder  and  disappointment  to 
most  people  interested  in  the  matter,  I  can  only  add  that  it  is 
hardly  less  so  to  myself.  It  is  a  constant  surprise — if  one  may 
so  say — that  the  work  does  not  get  on  faster. 

Of  course  the  undertaking  has  become  more  and  more  formida- 
ble with  the  enlargement  of  geographical  boundaries  and  of  the 
number  of  species  discovered.  As  to  the  increase  in  the  numbe? 
of  species  to  be  treated,  we  have  by^  no  means  yet  reached  the  end. 
The  area,  that  of  our  continent  down  to  the  Mexican  line,  we 
trust  is  definitely  fixed,  at  least  for  our  day.  And,  since  we  can- 
not be  rid  of  the  peninsula  and  keys  of  Florida,  which  entail  upon  as 
a  considerable  number  of  tropical  species,  mostly  belonging  to 
the  West  Indies — the  southern  boundary  is  now  as  natural  a  one 
as  we  can  have. 

The  area  which  Pursh's  Flora  covered  was,  we  may  say,  the 
United  States  east  of  the  Mississippi,  with  Canada  to  Labrador, 
to  which  was  added  a  couple  of  hundred  of  species  known  to  him 
outside  these  limits  northwestward. 
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Torrey  and  Gray's  Flora  took  the  initiative  iu  annexing  Texas, 
ten  years  before  its  political  incorporation  into  the  Union  ;  although 
the  only  plants  we  then  possessed  from  it  were  certain  portions  of 
Drummond's  collections.  California  was  also  annexed  at  the 
same  time,  on  account  of  Douglas's  collections,  and  those  of  Nut- 
tall,  who  had  just  returned  from  his  visit  to  the  western  coast, 
which  he  reached  by  a  tedious  journey  across  the  continent  over 
ground  in  good  part  new  to  the  botanist.  Douglas  had  already 
made  remarkably  full  collections  along  a  more  northern  line.  The 
British  arctic  explorers,  both  by  sea  and  land,  had  well  developed 
the  botany  of  the  boreal  regions,  and  Sir  Wm.  Hooker  was  bring- 
ing out  the  result  in  his  Flora  of  British  America.  Of  course  our 
knowledge  of  the  whole  interior  and  western  region  was  small 
indeed,  compared  with  the  present;  and  the  botany  of  a  vast 
region  from  the  western  part  of  Texas  to  the  Californian  coast  was 
absolutely  unknown,  and  so  remained  until  after  the  publication 
of  the  Flora  was  suspended. 

As  to  the  number  of  species  which  Torrey  and  Gray  had  to 
deal  with,  I  can  only  say  that  a  rapid  count  gives  us  for  the  first 
volume  about  2200  PolypetalaB ;  that  there  are  109  species  in  the 
small  orders  which  in  the  second  volume  precede  the  Compositoe; 
and  that  there  are  of  the  Compositce  1054.  So  one  may  fairly 
conclude  that  if  the  work  had  been  pushed  on  to  completion,  say 
ID  the  year  1850,  the  3076  sf^ecies  of  Pursh's  Flora  in  the  j-ear 
1814  might  have  been  just  about  doubled.  Probably  more  rather 
than  less ;  for  if  we  reckon  from  the  number  of  the  Compositoe^ 
and  on  the  estimate  that  they  constitute  one-eighth  of  the  pheeno- 
gamous  plants  of  North  America,  instead  of  6150,  there  would 
have  been  8430  species  known  in  the  year  specified. 

It  most  concerns  us  to  know  the  number  of  species  which,  after 
the  lapse  of  thirty  years  more — years  in  which  exploration  has 
been  active,  and  has  left,  no  considerable  part  of  our  great  area 
wholly  unvisited  —  the  now  revived  Flora  has  to  deal  with.  We 
can  make  an  estimate  which  cannot  be  far  wrong.  In  the  year 
1878,  my  colleague,  Mr.  Watson,  finished  and  published  his 
Bibliographical  Index  to  the  Polj'petalaB  of  North  America,  covei^ 
ing,  that  is,  the  same  ground  as  the  first  volume  of  Torrey  and 
Gra^^'s  Flora,  completed  in  1840.  In  it  the  2200  species  of  the 
latter  date  are  increased  to  3038.  The  "  Gamopetalce  after  Com- 
jK>8it(B**  in  the  Synoptical  Flora,  brought  out  in  the  same  year, 


458  FLORA.  OF  NOIXTH   AMERICA; 

contains  1656  species.  The  two  together  must  make  np  half  of 
our  phsenogamous  botan}',  that  is,  adding  tlie  increase  of  the  last 
four  years,  about  5000  species.  And  so  Mr.  Watson  adopts  the 
estimate  of  10,000  species  for  our  known  Phsenogams  and  Ferns. 
My  expression  is  that  the  species  of  Composite^  have  increased  at 
a  rate  which,  unless  they  exceed  the  eighth  part  of  our  Phsenogams, 
will  warrant  a  still  higher  estimate.  The  number  of  introduced 
species  of  various  orders,  which  will  have  to  be  enumerated  and 
most  of  them  described,  is,  unhappily,  fast  increasing,^  and  new 
indigenous  species  are  almost  daily  coming  to  us  from  some  part 
or  other  of  our  wide  territory  ;  so  that  the  10,000  species  of  this 
estimate  may  before  long  rise  to  eleven  or  twelve  thousand.  Only 
the  experienced  botanist  can  foim  ajust  idea  of  what  is  involved 
in  the  accurate  discrimination  and  proper  coordination  of  10-12000 
species,  and  in  the  putting  of  the  results  into  the  language  and 
form  which  may  make  our  knowledge  available  to  learners  or  to 
succeeding  botanists. 

Moreover,  there  is  of  late  an  embarras  des  richesses  which  is  be- 
coming serious  ns  respects  labor  and  time.  The  continued  and 
ever  increasing  influx  of  materials  to  Cambridge,  beneficial  as  it 
ever  is,  is  accountable  for  this  retardation  of  progress  in  a  greater 
degree  than  almost  any  one  would  suppose.  The  herbarium,  upon 
whose  materials  this  work  is  mainl}'  done,  and  which  has  been, 
like  the  Temple,  full  forty  and  six  years  in  building,  has  received  the 
contributions  of  two  generations  of  botanists,  and  the  Torrey 
herbarium  goes  back  one  generation  further.  Still  the  number  of 
American  specimens  annually  coming  to  it  is  greater  than  in  most 
former  years.  Apart  from  the  mere  selection  and  care  of  these, 
consider  how  in  other  ways  it  affects  the  rate  of  progress  of  the 
Flora.  The  incoming  of  additional  specimens  may  at  a  glance 
settle  doubts  as  to  the  validity^  of  a  species ;  but  new  specimens 
are  as  apt  to  raise  questions  as  to  settle  them ;  more  commonly 
they  raise  the  question  as  to  the  limitation  and  right  definition  of 
the  species  concerned,  not  rarely,  also,  that  of  their  validity. 
When  one  has  only  single  specimens  of  related  species,  the  case 
may  seem  clear  and  the  definition  easy.  The  acquisition  of  a  few 
more,  from  a  different  region  or  other  conditions,  almost  always 

•  I  Bay  "  uQtanppily,"  for  they  adulterate  the  natural  character  of  oar  flora,  and  raiae 
difficult  questione  as  to  how  much  of  introdnctton  and  settlement  ehould  give  to  Iheao 
denizens  the  rights  of  adopted  citizens. 
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calls  for  some  re-coDsideration,  not  rare  for  re-construction.    Peo- 
pie  generally  suppose  that  species,  and  even  genera,  are  like  coin 
from  the  mint,  or  hank  notes  from  tlie  printing  press,  eacli  with 
its  fixed  marks  and  signature,  which  he  that  runs  may  read,  or  the 
practised  eye  infallibly  determine..    But  in  fact  species  are  judg- 
ments— judgments  of  variable  value,  and    often    very  fallible 
judgments,  as  we  botanists  well  know.     And  genera  are  more 
obvious  judgments,  and  more  and  more  liable  to  be  affected  by 
new  discoveries.    Judgments  formed  to-day — perhaps  with  full 
confidence,   perhaps  with  misgiving — may  to-morrow,  with  the 
discovery  of  new  materials  or  the  detection  of  some  before  unob- 
served point  of  structure,  have  to  be  weighed  and  decided  anew. 
You  see  how  all  this  bears  upon  the  question  of  time  and  labor  in 
the  preparation  of  the  Flora  of  a  great  country.     If  even  in  old 
Europe  the  work  has  to  be  done  over  and  over,  how  much  more 
so  in  America,  where  new  plants  are  almost  daily  coming  to  hand. 
It  is  true  that  these  fall  into  their  ranks,  or  are  adjustable  into 
their  proper  or  probable  places,  but  not  without  pains-taking  and 
tedious  examination. 

Of  our  Flora,  it  may  indeed  be  said,  that  'Mf  'twere  done  when 
'twere  done,  then  'twere  well  it  were  done  quickly."  But  I  may 
have  made  it  clear  that,  in  the  actual  state  of  the  case,  it  is  likely 
to  be  done  slowly.  At  least  you  will  understand  why  thus  far  it 
has  been  done  slowly.  As  to  the  future,  if  it  depended  wholly 
upon  me,  the  completion  would  obviously  be  hopeless.  I  need 
not  say  that  our  dependence  for  the  actual  elaboration  must 
largel}'  be  upon  associates,  upon  the  few  who  have  the  training  and 
the  vast  patience,  and  the  access  to  herbaria  and  libraries,  re- 
quisite for  this  kind  of  work,  but  above  all  upon  my  associate  in 
the  herbarium  at  Cambridge,  to  whom,  being  present  with  us,  I 
will  not  further  allude. 

Of  course  we  rely,  very  much  indeed,  upon  the  continued  coop- 
eration of  all  the  cultivators  of  botany  in  the  country ;  and  it  is 
gratifying  to  know  that  their  number  is  increasing,  new  ones  not 
less  zealous  than  the  old,  and  better  equipped,  are  taking  the 
places  of  those  that  have  passed  away,  and  some  of  them  extend- 
ing their  explorations  over  the  remotest  parts  of  the  land,  and 
into  districts  where  there  is  most  to  be  discovered.  All  can  help 
on  the  work,  and  all  are  doing  so,  by  the  communication  of  speci- 
mens and  of  observations.    Those  within  the  range  of  the  pub- 
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lished  manuals  and  floras  get  on — or  should  get  on — with  only 
occasional  help  from  us.  They  should  send  us  notes  and  speci- 
mens to  any  amount ;  but  they  should  not  ask  us  to  stop  to 
examine  and  name  their  plants,  except  in  s|}ecial  cases,  which  we 
are  always  ready  enough  to  take  up.  Those  who  collect  in  regions 
as  yet  destitute  of  such  advantages  may  claim  more  aid,  and  we 
take  great  pains  to  render  it ;  parti}'  on  our  own  account,  that  we 
may  assort  their  contributions  into  their  proper  places,  partly  for  the 
encouragement  of  such  correspondents,  who  otherwise  would  not 
know  what  they  have  obtained,  and  who  naturally  like  to  know 
when  they  have  made  interesting  discoveries. 

But  the  scattered  and  piecemeal  study  of  plants  is  neither  very 
satisfactory  nor  safe.  And  it  involves  great  loss  of  time,  besides 
interrupting  that  continuity  and  concentration  of  attention  which 
the  proper  study  of  any  group  of  plants  demands.  As  respects 
the  orders  of  plants  which  are  yet  to  be  elaborated  for  the  Flora, 
and  as  to  plants  which  require  critical  study  or  minute  examina- 
tions, necessarily  consuming  much  time,  it  is  better  to  defer  their 
complete  determination  until  the  groups  to  which  they  severally 
belong  are  regularly  taken  in  hand. 

The  cooperation  of  all  our  botanical  associates  is  solicited  in 
this  regard,  as  a  matter  of  common  interest  and  advantage.  For 
we  are  all  equally  concerned  in  forwarding  the  progress  of  the 
Flora  of  North  America;  and  we  may  confidently  expect  from 
our  botanical  associates  their  sympathy,  their  forbearance,  and 
their  continued  aid. 


On  THE  Position  op  the  Gauopetala.    By  Lesteb  F.  Ward,  of 
Washington,  D.  C. 

[abstract.] 

In  1789,  Laurent  de  Jussieu,  in  his  "  Genera  Plan tarum,"  estab- 
lished the  three  "Divisions"  of  Dicotyledons,  assigning  the 
Apetalous  Division  the  lowest  place,  the  Monopetalous  Division 
the  second,  or  intermediate,  place,  and  the  Polypetalous  Division 
the  highest  place  in  the  series. 

In  1848,  Adrlen  de  Jussieu,  in  his  "Cours  El6m6ntaire  de 


BT  LESTER  F.   WARD. 


461 


Botanique,"  reversed  the  order  of  the  second  and  third  of  these 
Divisions  and  gave  his  reasons  therefor. 

Notwithstanding  this,  nearly  all  subsequent  authors  have 
steadily  adhered  to  the  order  established  by  Laurent  de  Jussieu, 
which  is  supposed  to  have  been  that  of  his  uncle  Bernard,  the  real 
founder  of  the  "  natural  system." 

This  arrangement  has,  however,  been  severely  criticised  by  Al. 
Braun  and  many  others. 

The  present  paper  is  designed  to  supplement  an  article  ^^  On  the 
Natural  Succession  of  the  Dicotyledons"  communicated  by  the 
writer  to  the  "  Amencan  Naturalist"  for  November,  1878,  and  to 
bring  forward  some  evidence  from  statistics  and  from  palseontology, 
as  that  did  from  organogeny,  of  the  comparative  recency  of  those 
plants  having  tubular,  bell-shaped,  or  otherwise  consolidated  cor- 
ollas, and  thus  to  claim  for  that  Division  of  the  Dicotyledons  — 
the  MonopetcUcBj  or  Oamopetalce^  as  they  are  now  more  properly 
called  —  the  highest  place  in  the  series,  as  did  the  younger  Jussieu. 

This  is  shown,  first,  by  the  great  extent  to  which  these  plants 
are  herbaceous  as  compared  with  those  having  the  petals  free 
(Polypetalce)  or  with  those  destitute  of  petals  (ApetalcBj  or  Mono- 
ddamydeoe). 

From  a  comparison  of  seventeen  floras,  including  those  of  the 
Eastern  United  States,  of  Califoraia,  of  Great  Britain,  of  Italy, 
of  the  West  Indies,  etc.,  it  is  found  that  of  the  total  Dicotyledons 
the  Apetalous  Division  furnishes  on  an  average  13.3  per  cent,  the 
Polypctalous  Division  43.3  per  cent,  and  the  Gamopetalous  Division 
43.4  per  cent;  but  when  the  shrubs,  trees,  and  woody  vines  of 
each  of  these  Divisions  are  alone  considered,  we  find  that  the 
ApetcUae  furnish  about  24  per  cent,  the  Polypetalce  over  43  per 
cent,  and  the  Oamopetaloe  only  about  33  per  cent.  In  some  of 
the  floras  compared  the  percentage  of  this  last  Division  is  as  low 
as  20. 

A  perhaps  still  more  striking  way  of  showing  this  is  to  see  what 
proportion  the  woody  plants  of  each  Division  bear  to  the  total 
number  in  that  Division ;  6.  ^.,  of  the  Apetaloe^  which  in  the 
flora  of  the  Eastern  United  States  form  only  13  per  cent  of 
the  total  Dicotyledons,  42  per  cent  are  woody,  while  of  the 
Oamopetaloe^  which  form  47  per  cent  of  the  Dicotyledons,  only 
16  per  cent  are  woody. 

If  trees  only  are  taken  into  the  account  the  contrast  becomes 
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still  stronger.  In  the  last  named  flora,  which  is  the  largest  of 
those  compared,  the  Apetalce  constitute  88,  the  PoIypetalcB  45,  and 
the  Oamopetal(B  17  per  cent  of  the  dicotyledonous  trees. 

These  facts  seem  to  show  that  the  OamopetalcB  constitute  a 
comparatively  late  type  of  vegetable  growth  which  has  not  yet 
had  time,  as  it  were,  to  perfect  itself  and  assume  the  fratescent 
and  arborescent  forms  which  mark  the  highest  development,  or 
phytological  maturity. 

In  the  second  place,  and  in  order  to  anticipate  the  possible  ob- 
jection that  this  might  equally  prove  degeneracy,  such  as  is  seen 
in  the  Monocotyledons  and  in  the  Cryptogams,  which,  thongii 
known  to  be  older  types  of  vegetation,  are,  nevertheless,  at  the 
present  time  chiefly  herbaceous,  although  once  probably  for  the 
most  part  arborescent,  the  following  palseontological  evidence  was 
adduced : 

It  was  shown 

1.  That  the  first  appearance  of  plants  that  are  clearly  referable 
to  Gamopetalous  genera  is  much  later  than  that  of  either  ApetaloQS 
or  Folypetalous  plants. 

2.  That  the  most  abundant  of  those  genera  are  such  as  in  the 
living  flora  have  very  deeply  lobed  corollas,  as  in  Ft&umum,  thus 
approaching  the  dialypetalous  condition  and  strongly  suggesting 
that  at  the  time  of  their  appearance  they  might  not  have  been 
truly  gamopetalous  at  all. 

3.  That  the  relative  paucity  of  gamopetalous  species  is  much 
more  marked  in  fossil  than  in  living  floras. 

4.  That  the  lower  the  horizon,  the  greater  the  disproportion  in 
this  respect. 

5.  That  in  all  collections  the  number  of  specimens  of  fossil  is 
less  than  of  living  Oamopetalm  in  proportion  to  the  number  of 
species ;  t.  e.,  there  were  then  not  only  less  numerous  forms,  bat 
those  that  existed  were  less  abundant. 

These  several  propositions  were  supported  by  copious  citations 
and  by  tubular  exhibits  compiled  from  Schimper's  "  Pal6ontologie 
V6g6tale,"  Heer's  "  Flora  tertiaria  Helvetise,"  Lesquereux's  Creta- 
ceous and  Tertiary  Floras  of  the  United  States,  and  other  works, 
as  well  as  by  data  obtained  from  the  collections  of  fossil  plants 
at  the  United  States  National  Museum. 
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A    EBYISION    OF    THE    GENUS    ClEMATIS    OF    THE    UNITED    StATES. 

By  Joseph  F.  Jai|es,  of  Cincinnati,  Oliio. 

[AB8TSA0T.1] 

The  paper  contains  descriptions  of  all  the  species  of  Clematis 
native  to  the  United  States.  Following  the  descriptions  are  re- 
marks relative  to  them  and  the  following  changes  are  suggested 
ill  the  nomenclature.  Clematis  ovata  Pursh  is  reduced  to  a  syno- 
nyme  of  C.  ochroleuca  Alton ;  0.  FremontU  Wats,  is  reduced  to 
a  variety  of  C.  ochroleuca  Ait. ;  G.  coccinea  Engelm.  is  referred 
back  as  a  variety  of  (7.  Vioma  L. ;  C.  Pitcheri  Torr.  and  Gr.  is 
considered  a  variety  of  C.  Vioma  L. ;  (7.  Cateshyana  Pursh  and 
C.  pennsylvanica  Donn  are  considered  synonymes  of  C7.  virginiana 
L. ;  C.  Jiolosericea  Pursh  is  considered  var.  bracteata  D.  C.  of 
C.  virginiana  L.  Following  the  descriptions  is  given  the  geograph- 
ical distribution  of  each  of  the  species,  and  after  this  remarks  on 
the  probable  place  of  origin  of  some  of  the  species.  The  paper 
conclades  with  a  synonymy  of  the  species. 


AcHENiAi.  Hairs  and  Fibres  of  Composftje.    By  G.  Macloskie, 
of  Princeton,  N.  J. 

[ABSTRACT.*] 

The  surface  of  the  achenes,  the  character  of  their  hairs,  and 
their  internal  structure,  are  used  to  indicate  the  affinities  of  the 
suborders,  according  to  the  following  tabular  scheme. 

I.  Yernoniese ;  as  in  Asteroidcse. 

II.  Eupatorieae ;  " 

III.  AsteroideflB ;  achenes  bearing  duplex  hairs,  which  are  usu- 
ally bifurcate  at  tips,  acute,  and  often  unequal.  They  have  no 
elaters.  Hairs  sometimes  few  or  obsolete  ;  but  even  in  such  cases 
rudiments  of  duplex  hairs  may  occur.     Some  are  as  in  Inuloidece. 

IV.  Inuloidese ;  duplex  hairs,  usually  obtuse  and  equal.  No 
elaters. 

V.  Helenioide® ;  as  in  Asteroidcse.  Crystalloids  occur  in  the 
endocarp. 

VI.  Anthemide®;   achenes  usually  glabrous:  but  having  per- 

>  Printed  in  f^U  in  Jonr.  Cincinnati  Soo.  Nat.  Hist.,  Vol.  vi,  Jaly»  1883. 

•  Pnblished  in  fuU,  with  iUustrations,  in  the  Ambbican  Naturaust  for  Jan.,  1888. 
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icarp-cclls  with  spiral  filaments  (Achtllsea  has  internal  glands  In 
pericarp-cells.) 

VII.  Senecionidae ;  duplex  hairs,  having  divisions  equal,  with 
elaters  on  filaments  which  escape  when  moistened. 

VIII.  Calendulee ;  probably  as  in  Senecionidaa  (in  some  cases 
with  multicellalar  hairs  interposed). 

IX.  Arctotideae ;  as  in  Asteroideae. 

X.  Cynaroidese;  some  {Carlma^  Xeranthemum)  as  in  Aster- 
oideae; some  {CnicuSy  etc.)  as  in  CichoriecB*  Some  have  simple 
hairs  of  perianth  encroaching  on  achene  (Arctiumy  CerUaurea^ 
Echinops). 

XII.  Mutisieae ;  as  in  Asteroideae. 

XIII.  Cicborieae ;  achenes  glabrous,  with  denticulate  epidermal 
cells.  Endocarp  having  filaments  enclosing  crystalloids.  These 
by  pressing  the  seed-vessel  of  dandelion  caase  it  to  dehisce  and 
protrude  the  seed. 

These  observations  suggest  a  somewhat  different  line  of  affini* 
ties  from  that  usually  adopted.  The  Asteroid  group  should  in- 
clude most  of  the  suborders.  Anthemideae  are  misplaced:  and 
the  tribal  unity  of  Cynaroideae  is  questionable,  one  section  of  its 
genera  agreeing  as  to  their  achenes  with  Cichorieae. 


Some  Observations  on  the  Action  of  Frost  upon  I^eaf-cells. 
By  C.  E.  Besset,  of  Ames,  Iowa. 

[ABSTRACT.] 

The  severe  frosts  of  May  22  and  23,  1882,  in  Central  Iowa, 
gave  me  the  opportunity  of  making  some  important  observa- 
tions on  the  action  of  frost  upon  the  cells  of  the  young  leaves 
of  certain  trees.  The  leaves  of  the  Green  Ash  {Fraxinua  viri' 
dis)  were  just  developing,  and  were  in  that  tender  state  pecu- 
liar to  such  young  structures.  Many  of  the  leaflets  were  entirely 
killed,  while  perhaps  the  great  majority  were  simply  blackened, 
that  is,  they  were  killed  near  the  apex,  while  toward  the  base  they 
were  still  alive. 

The  examination  of  thin  sections  of  these  browned  leaves  soon 
after  the  frost,  say  within  forty-eight  or  sixty  hours,  showed  that  the 
cells  were  differently  affected  by  the  low  temperature.  Instead  of 
all  the  cells  being  equally  injured,  some  were  found  to  be  deadf 
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and  in  these  the  protoplasm  was  brown  and  shrunken ;  in  others 
the  contents  showed  more  or  less  of  injury  by  a  greater  or  less 
coagulation  of  the  still  green  protoplasm  ;  others,  again,  appeared 
to  be  scarcely  injured. 

The  disappearance  of  the  chlorophyll  granules,  as  distinct 
bodies,  was  one  of  the  most  common  phenomena  in  the  less  in- 
jured cells.  In  many  cells,  which  apparently  were  still  alive,  the 
colored  protoplasm  appeared  to  have  retracted  itself  from  the  outer 
cell  walls,  toward  the  inner  part  of  the  cell,  that  is,  the  part  of  the 
cell  lying  toward  the  interior  of  the  leaf.  This  was  more  partic- 
ularly noticeable  in  the  palisade  cells  of  the  leaf  section. 

Some  of  these  leaves  were  affected  by  the  Ash -leaf  Rust,  the 
so-called  uEcidium  fraxini  of  Schweinitz,  forming  small  orange- 
yellow  spots  in  the  parenchyma  or  the  fibro-vascular  bundles  of 
the  ribs.  The  leaf-tissues  are  always  thickened  in  these  spots  so 
that  the  thickness  of  the  leaf  in  them  is  double  or  treble  that  in 
the  normal  portions.  Under  the  microscope  the  tissues  of  the 
spots  are  seen  to  be  penetrated  by  ramifying  hyphjB  of  the  para- 
site, which  also  extend  for  some  distance  into  the  surrounding, 
still  green,  tissues. 

After  the  frost,  I  noticed  within  a  few  hours,  that  the  cells  im- 
mediately surrounding  the  orange  spots  were  somewhat  translu- 
cent, giving  early  evidence  of  their  having  been  more  injured  than 
the  adjacent  outer  tissues.  Upon  waiting  a  day  or  two,  I  observed 
that  these  translucent  cells  turned  black  and  began  to  decay. 
Sections  made  both  in  the  earlier  and  later  stages  showed  that  in 
this  surrounding  belt  of  cells  the  protoplasm  had  been  much  more 
severely  injured  than  in  those  lying  farther  away  from  the  spots. 

The  obsen'ations  here  recorded  appear  to  indicate  that  in  many 
plant  cells  there  is  the  power  of  resisting  (however  slightly)  the 
injurious  effects  of  low  temperature,  and  that  in  this  respect  there 
is  a  difference  between  cells  which  occupy,  so  far  as  we  ma}'  see, 
similar  positions,  and  which  are  equally  exposed  to  the  action  of 
the  frost.  Moreover,  it  appears  to  be  demonstrated  that  the  low- 
ering of  the  vitality  of  cells,  as  by  the  presence  of  parasitic 
hyphae,  lowers,  also,  their  power  of  resisting  low  temperature. 

The  importance  of  these  observations  consists  in  furnishing 
experimental  proof  of  the  power  of  living  plant  cells  to  resist 
destruction  by  low  temperature ;  hitherto  the  doctrine  has  been 
held  on  theoretical  grounds  mainly. 

A.   A.   A,  8.>  VOL.  XXXI.  SO 
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The  MOTIONS  of  Roots  and  Radicles  of  Indian  Corn  and  or 
Beans.     By  W.  J.  Beal,  of  Lansing,  Mich. 

C.  Darwin  siiowed  tliat  a  piece  of  gummed  paper  on  one  side  of 
the  tip  of  a  root  in  damp  air  caused  it  to  bend  out  of  its  course. 
At  tlie  Cincinnati  meeting  I  showed  that  roots  in  damp  air  often 
made  coils  without  anything  being  placed  on  the  tips.  In  germin- 
ating some  700  kernels  of  yellow  dent  corn  in  the  soil,  not  one 
root  made  a  coil.  The  roots  seldom  made  very  abrupt  turns  in  any 
direction. 

In  a  cool,  damp  cellar  in  August,  kernels  of  Indian  corn  were 
planted  with  one  end  uppermost  and  the  surface  of  sand  pressed 
down  smooth.  They  were  placed  in  sand  about  three-fourths  of  an 
inch  l>elow  the  surface.  The  plumules  all  turned  up  and  came  out 
of  the  soil.  Primary  and  secondary  roots  came  out  of  the  sand 
and  often  run  along  on  the  surface  for  a  foot  or  more.  The  roots 
often  entered  the  snnd  again  after  coming  out.  When  planted 
with  the  apex  of  the  kernel  uppermost,  secondary  roots  canoe  ont 
most  numerous  ;  often  two  or  three  to  each  plant.  When  planted 
with  the  radicle  end  uppermost  the  primary  root  often  came  out  of 
the  ground.  Of  150  kernels  with  the  radicle  end  down  three 
sent  the  primary  root  out  of  the  sand. 

Of  181  kernels  where  the  radicle  was  planted  uppermost, 
eighty-nine  sent  primary  roots  out  of  the  sand.  Whether  out  of 
the  san<i  or  in  it,  the  primary  roots  for  a  foot  or  more  always  kept 
ahead  of  the  secondary  roots.  The  roots  apparently  grew  just  as 
well  out  of  the  sand  as  when  beneath  the  surface.  Those  above  the 
soil  soon  became  red.  When  planted  in  sandy  soil,  in  open  garden, 
with  radicle  down,  secondary  roots  often  came  to  the  surface,  where 
they  perished.  When  planted  with  the  tips  or  radicles  uppermost, 
about  ten  per  cent  sent  the  primary  root  out  of  the  soil. 

Lima  beans  planted  with  the  hilum  down  all  came  up  well. 
After  some  time  many  seeds  of  Lima  beans  with  the  hilum  up- 
permost sent  some  portion  of  the  germinating  plant  out  of  the 
ground.  Five  out  of  eighty  seeds  soon  perished  when  planted  in 
the  cellar  with  the  hilum  uppermost. 

In  the  open  garden,  nine  out  of  twenty-five  sent  the  roots  and 
lower  end  of  plumule  out  of  the  soil,  when  the  seeds  were  planted 
with  hilum  upi)ermost.    These  seedlings  soon  perished. 
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Observations  on  the  Fertilization  of  Yucca  and  on  structural 

AND   anatomical  PECULIARITIES  IN   PrONUBA   AND   PrODOXUS. 

By  C.  V.  Riley,  of  Washington,  D.  C. 

[abstract.] 

Tuts  paper  records  some  recent  experiments  and  observations 
which  establish  full}'  and  conclusively  the  fact  that  Pronuba  is 
necessary  to  the  fertilization  of  the  capsular  Yuccas.  It  describes 
for  the  first  time  how  the  pollen  is  gathered  and  collected  by  the 
female  Pronuba.  The  act  is  as  deliberate  and  wonderful  as  that 
of  pollination.  Going  to  the  top  of  a  stamen  she  stretches  her  ten- 
tacles to  the  utmost  on  the  opposite  side  of  the  anther,  presses  the 
bead  down  upon  the  pollen  and  scrapes  it  together  b}'  a  horizontal 
motion  of  lier  maxilla;.  The  head  is  then  raised  and  the  front 
legs  are  used  to  shape  the  grains  into  a  pellet,  the  tentacles  coiling 
and  uncoiling  meanwhile.  She  thus  goes  from  one  to  another  until 
she  has  a  sufficiency. 

My  observations  confirm  the  accuracy  of  Dr.  Geo.  Engelmann's 
conclusion  as  to  the  impotence  of  the  stigmatic  apices  in  some  of 
the  Yuccas  and  sliow  how  the  apparently  contradictory  experience 
of  Mr.  Meehan  can  be  reconciled  on  variation  in  this  respect  in 
the  s[)ecies  of  the  same  genus.  The  exceptional  self-fertilization 
in  Yucca  aloifoUa  —  the  only  species  in  which  it  is  recorded  —  is 
shown  to  be  due  to  the  fact  that  in  the  fruit  of  this  species,  there 
is  no  style,  the  stigma  being  sessile  and  the  nectar  abundant,  filling 
and  even  bulging  out  of  the  shallow  opening  or  tube.  The  flowers 
nre  always  pendulous  and  the  pollen  falling  from  anthers,  under 
favorable  circumstances,  readily  lodges  on  the  nectar. 

The  irregularity  in  the  shape  of  the  fruit  of  the  Yuccas  —  con- 
Bidered  a  characteristic  by  botanists  —  is  proved  by  experiments 
lo  be  due  to  the  punctures  of  Pronuba. 

The  egg  of  Pronuba  which  averages  1.5  mm.  long,  having  a 
swollen  apical  end  and  a  long  and  variable  pedicel  is  passed  into 
I  lie  ovarian  cavity.  The  puncture  is  made  usually  just  below  the 
middle  of  the  pistil  on  the  deeper  depression  which  marks  the  true 
dissepiment,  or  through  the  thinnest  part  of  tlie  wall.  The  horny 
part  of  the  ovipositor  reaches  the  longitudinal  cavity  at  the  external 
base  of  the  ovule  near  the  funiculus,  without,  as  a  rule,  penetrating 
or  tonchijig  the  ovule  itself,  and  the  delicate  and  extensile  oviduct 
then  conveys  the  egg  for  some  distance  (the  length  of  six  or  eight 
ovules)  along  the  cavity,  the  terminal  portion  of  the  oviduct  being 
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Airnished  with  retrorse  hairs  which  help  to  hold  it  in  place  during 
the  act. 

The  paper  concludes  with  some  studies  of  the  internal  anatomj 
of  Pronuba  and  Frodoxus. 


Thk  Hibernation  of  Aletia    xtlina  (Sat),  in  the  United 
States  a  settled  fact.  '  By  C.  V.  Rilet,  of  Washington, 

D.  C. 

[abstbact.] 

I  HAVE  already  shown  in  previous  remarks  before  the  Association 
that  there  were  various  theories  held  by  competent  men  —  both 
entomologists  and  planters  —  as  to  the  hibernation  of  this  Aletia 
(the  common  cotton  worm  of  the  south)  ;  some  believing  that  it 
hibernated  in  the  chrysalis  state,  some  that  it  survived  in  the  moth 
state,  while  still  others  contended  that  it  did  not  hibernate  at  all 
in  the  United  States.     I  have  always  contended  that  the  moth 
survived  within  the  limits  of  the  United  States,  and  in  this  paper 
the  fact  of  its  hibernation,  principally  under  the  shelter  of  rank 
wire-grass,  is  established  from  observations  and  experiments  made 
during  the  past  winter  and  spring.    The  moth  has  been  taken  at 
Archer,  Fla.,  during  every  winter  month  until  the  early  part  of 
March  when  it  began  to  disappear,  but  not  until  eggs  were  found 
deposited.   The  first  brood  of  worms  was  found  of  all  sizes  during 
the  latter  part  of  the  same  month  on  rattoon  cotton,  while  chrys- 
alides and  fresh  moths  were  obtained  during  the  early  part  of  April. 
The  fact  thus  established  has  this  important  practical  bearing: 
Whereas,  upon  the  theory  of  annual  invasion  from  some  exotic 
country  there  was  no  incentive  to  winter  or  spring  work  looking  to 
the  destruction  of  the  moth,  there  is  now  every  incentive  to  such 
action  as  will  destroy  it  either  by  attracting  it  during  mild  winter 
weather  by  sweets,  or  by  burning  the  grasses  in  which  it  shelters. 
It  should  also  be  a  warning  to  cotton  growers  to  abandon  the  slov- 
enly method  of  cultivation  which  leaves  the  old  cotton  stalks 
standing  either  until  the  next  crop  is  planted  or  long  after  that 
event,  for  many  planters  have  the  habit  of  planting  the  seed  in  a 
furrow  between  the  old  rows  of  stalks.    The  most  careful  recent 
researches  all  tend  to  confirm  the  belief  that  Gossypiumis  the  only 
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plant  upon  which  the  worm  feeds  within  the  cotton  belt ;  so  that 
in  the  light  of  tlie  facts  presented  there  is  all  the  greater  incentive 
to  that  mode  of  culture  which  will  prevent  the  growth  of  rattoon 
cotton,  since  it  is  questionable  whether  the  moth  would  survive 
long  enough  to  perpetuate  itself  upon  newly  sown  cotton  except 
for  the  intervention  of  the  rattoon  cotton. 


Emulsions  of  Petroleum  and  their  yalue  as  Insecticides.    By 
C.  V.  Riley,  of  Washington,  D.  C. 

[abstract.] 

The  value  of  petroleum  for  the  destruction  of  insects  has  long 
been  recognized  and  I  have  for  years  been  endeavoring  to  solve 
the  question  of  its  safe  and  ready  use  for  this  purpose  without  in- 
juiy  to  plants.  The  paper  contains  the  results  of  extended  ex- 
periments carried  on  under  my  direction,  by  several  of  my 
assistants  and  particularly  by  Prof.  W.  S.  Barnard,  Mr.  Jos. 
Voyle  of  Gainesville,  Fla.,  Mr.  Clifford  Richardson,  assistant 
chemist  of  the  Department  of  Agriculture,  and  Mr.  H.  G.  Hub- 
banl,  who  has  for  over  a  year  been  devoting  his  time  to  practical 
tests  in  orange  groves  at  Crescent  City,  Fla. 

Passing  over  the  ordinary  methods  of  oil  emulsions  by  phos- 
phates, lactophosphates  and  hypophosphites  of  lime  and  various 
mucilaginous  substances,  experience  shows  that,  for  the  ordinary 
practical  purposes  of  the  farmer  and  fruit-grower,  soap  and  milk 
are  among  the  most  available  substances  for  the  production  of 
petroleum  emulsions. 

Ordinary  bar  soap  scraped  and  rubbed  into  paste  at  the  rate  of 
20  parts  soap,  10  parts  water,  30  parts  kerosene  and  1  part  of  fir 
balsam,  will  make,  when  diluted  with  water,  an  emulsion  stable 
enough  for  all  practical  purposes,  as  the  slight  cream  which  in 
time  rises  to  the  surface,  or  the  fiakiness  that  often  follows  is 
easily  dissipated  by  a  little  shaking.  Soap  emulsions  are,  how- 
ever, less  satisfactory  and  efficient  than  those  made  with  milk. 
Emulsions  with  milk  may  be  made  of  varying  strength,  but  one  of 
the  most  satisfactory  proportions  is  2  parts  of  refined  kerosene  to 
1  part  of  sour  milk.      This  must  be  thoroughly  churned  (not 
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merely  shaken)  until  a  butter  is  formed  which  is  thoroughly  stable 
and  will  keep  indefinitely  in  closed  vessels  and  may  be  diluted  ad 
libitum  with  water  when  needed  for  use.  The  time  required  to 
bring  the  butter  varies  with  the  temperature  and  both  soap  and 
milk  emulsions  are  facilitated  by  heating  the  ingredients.  Oi-di- 
nary  condensed  milk  may  also  be  used  by  thoroughly  stirring  and 
beating  it  in  an  equal  or  varying  quantity  of  kerosene. 

The  diluted  emulsion  when  prepared  for  use  should  be  finely 
sprayed  upon  the  insects  to  be  killed,  its  strength  varying  for 
different  insects  or  plants  and  its  effect  enhanced  when  brought 
forcibly  in  contact  with  the  insects. 

Of  mucilaginous  substances,  that  obtained  from  the  root  of 
Zamia  integrifolia^  a  plant  quite  common  in  parts  of  Florida,  and 
from  the  stems  of  which  the  Florida  arrowroot  is  obtained,  has 
proved  useful  as  an  emulsifier. 

These  petroleum  emulsions  have  been  used  with  success  by  Dr. 
J.  C.  Neal,  of  Archer,  Fla.,  against  the  Cotton  Worm,  without 
injury  to  the  plant,  but  their  chief  value  depends  on  their  efficacy 
against  the  different  scale-insects  which  affect  Citrus  plants.  Ex- 
perience so  far  shows  that  such  plants  do  not  suffer  fVom  iU 
judicious  use,  but  that  it  must  be  applied  with  much  more  care  to 
most  deciduous  fruit  trees  in  order  not  to  injure  them. 


A  NEW  Sexual  Character  in  the  PuPiB  or  some  Lepidoptsba* 
,  By  J.  A.  Lintner,  of  Albany,  N.  Y. 

[ABSTRACT.] 

The  sexual  character  of  insects  have  always  been  of  much  interest 
to  entomologists,  even  when,  as  in  most  insects,  they  are  well- 
marked,  and  much  more  so  when  they  arc  quite  obscure  and  only  to 
be  discovered  by  study  and  comparison. 

Many  of  the  features  seem  to  be  directly  dependent  upon  sex, 
while  others  apparently  serve  no  special  purpose.  A  number  of 
these  are  mentioned  in  the  paper. 

It  would  not  be  expected  that  sexual  features  should  he  as 
numerous  and  as  marked  in  the  earlier  stages  of  insects  as  in  the 
final  stage.    We  find  them  rarely  in  eggs.     Sex  clearly  exists  in 
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the  larval  stage,  although  it  is  but  seldom  shown  in  external 
characters.  The  caterpillar  of  Thyreus  Abbotii  is  generally  be- 
lieved to  show  distinct  sexual  forms. 

I  have  heretofore  pointed  out  sexual  characters  in  the  anal 
segment  of  some  Sphingidae.  In  this  paper  attention  is  called  to 
a  veiy  interesting  feature  indicating  the  sexes  of  the  pupiB  of  the 
Cossime^  and  of  such  ^geridce  as  have  been  examined.  These 
species,  living  as  larvie  and  pupse  in  the  interior  of  plants  and 
trees,  are  provided  witli  a  pupal  armature  of  two  transverse  rows 
of  teeth  or  spines  uix>n  most  of  the  abdominal  segments,  which 
serve,  at  their  time  of  final  transformation,  to  release  them  from 
their  bun'ows  and  partially  to  extrude  them  from  the  trunk. 

In  the  nude^  tlie  tenth  segment  (not  counting  the  head  as  one), 
or  the  antepenultimate,  is  furnished  with  two  rows  of  teeth,  while 
the  femcde  uniformly  has  but  one  (as  have  the  two  following  seg- 
ments in  each  sex). 

Another  interesting  feature  of  this  armature  is,  that  it  discloses 
excellent  characters  for  the  determination  of  species. 


On  an  £gg-pabasite  of  the  Currant  Saw-flt,  Nem atus  ventri- 
cosus.     By  J.  A.  Lintner,  of  Albany,  N.  Y. 

[ABSTRACT.] 

In  the  twelfth  Report  of  Dr.  Fitch  on  the  Insects  of  New  York, 
he  refers  to  the  discovery  of  this  interesting  and  efficient  parasite 
made  by  me  at  Utica,  N.  Y.,  in  the  j-ear  1866.  Two  years  later, 
at  Schoharie,  N.  Y.,  I  again  collected  the  insect,  and  by  confining 
individuals  in  a  glass  supplied  with  newly  deposited  eggs  of  the 
currant-fly  was  able  to  observe  the  manner  of  its  oviposition,  plac- 
ing two  or  three  of  its  eggs  within  one  of  the  currant-fly. 

The  specimens  then  obtained  were  destroyed  before  they  could 
be  satisfactorily  studied  and  determined.  From  that  time  until 
the  present  year  (1882)  no  more  examples  could  be  found  although 
meanwhile  faithfully  sought  for. 

In  June  last,  it  was  rediscovered  in  my  garden  at  Albany,  N.  Y., 
and  from  another  garden  in  the  same  city,  a  large  number  of  leaves 
were  collected  bearing  the  parasitized  eggs  of  the  currant-fly, — 


472  SLM-LBAF  beetle;  bt  g.  macloskie. 

at  once  recognized  by  their  brown  shades  in  their  early  stage,  and 
by  the  pupal  form  later. 

Packages  of  the  egg-bearing  leaves  (containing  from  two  hun- 
dred to  three  hundred  eggs  each)  were  at  once  made  up,  and  sent 
to  entomological  friends  in  several  of  the  States  and  Canada,  with 
the  request  that  they  be  pinned  upon  currant  bushes  containing 
eggs  of  the  currant-fly,  in  the  hope  that  the  valuable  parasite  might 
thus  be  extensively  and  more  rapidly  distributed  than  if  left  to  its 
natural  distribution.  Several  parasites  of  other  insects  have  al- 
i*eady  been  distributed  in  this  manner,  and  it  is  hoped  that  the 
present  effort  will  prove  to  be  successful,  and  aid  in  checking  the 
ravages  of  this  well-known  and  great  pest  of  our  gardens. 

The  specimens  of  the  parasite  obtained  by  me  —  exceedingly 
minute  insects,  barely  exceeding  the  hundredth  of  an  inch  in  size 
and  belonging  to  the  family  of  Chalcididee — prove  to  have  been 
described  by  Professor  Riley  recently,  in  1878,  as  TricJiogramma 
pretiosa.  It  had  been  obtained  by  him  from  eggs  of  the  cotton- 
worm  moth,  Aletia  argiUacea,  collected  in  the  southern  states. 
Another  species  of  the  genus,  T,  mtnuto,  parasitizes  the  eggs  of 
one  of  our  buttei'flies,  Limeiiitia  dissipptis. 


Obsebyations  on  the  Elm-leaf  Beetle,  Galebuca  xaitthome- 
LiBNA.    By  G.  Macloskie,  of  Pi'inceton,  N.  J. 

[AB8TBACT.] 

Its  ravages  at  Princeton  1880-1882.  The  adult  winters  in  cel- 
lars and  attics  of  houses:  comes  out  early  in  May:  ovipositing: 
form  and  development  of  ova.  The  larva  described  and  its  habits. 
The  pupa,  its  form  and  habit  of  lying  concealed  in  crevices  of 
bark  and  about  the  base  of  trees.  Coming-out  of  the  beetles: 
their  forms  and  habits:  ^  inch  long,  with  orange  elytra  having 
two  longitudinal  black  bars.  Sucker-bristles  on  tarsus:  heart 
seen  beating  through  scutellum :  mode  of  folding  wings  (1) 
longitudinally  along  main  ribs  (2)  obliquely  at  the  tip  (8) 
obliquely  at  internal  angle  near  base.  The  folding  effected  by  the 
tension  of  the  elastic  chitine. 
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Powers  of  flight  moderate  (slow  progress  in  extending  to  new 
localities). 

Second  course  of  eggs  on  second  crop  of  elm-leaves.  Probably 
three  broods  in  the  season. 

Damage  to  tiie  trees.  Efibrts  to  counteract  this,  (1)  by  destro}^- 
ing  beetles  in  their  winter  refuge,  (2)  by  kerosene  on  the  bark  of 
the  trees  (it  kills  leaves)  when  the  larvae  are  travelling,  (3)  by 
collecting  and  destroying  the  pupss  while  changing,  (4)  by  en- 
trapping  the  beetles  with  old  carpets,  etc.,  (5)  by  sprinkling  with 
London  pui*ple  (1  lb.  in  100  gallons  of  water).  This  mode  is  re- 
commended by  C.  V.  Riley. 

No  advantage  from  wrapping  the  stems  in  tarred  cloth  nor 
from  leaving  lighted  lamps  near  the  trees  at  night. 


On  thb  Gall-mites,  Phttoptus.     By  Wm.  A.  Bugkhodt,  of 
State  College,  Pa. 

[ABSTBACT.] 

In  the  spring,  galls  caused  by  Phytopti  may  be  found  upon  the 
leaves  of  the  white  maple  as  soon  as  they  have  expanded,  and  a 
careful  examination  shows  the  galls  in  process  of  formation  while 
the  leaves  are  still  folded  within  the  bud.  The  mites  are  upon  the 
outer,  t.  €.,  the  under  sides  of  the  leaves,  which  when  in  the  bud 
are  very  hairy.  The  irritation  caused  by  the  mites  produces  an 
abnormal  multiplication  of  vegetable  cells  and  the  gradual  arch- 
ing upward  of  that  part  of  the  leaf,  thus  making  a  gall  which 
differs  from  the  galls  protluced  by  insects  in  that  it  has  an  opening 
below,  which  is  frequently  lined  with  hairs.  Though  generally 
on  the  upper  surface  of  the  leaf  they  are  sometimes  on  the  lower. 
These  result  from  stray  mites  that  have  worked  their  way  around 
to  the  upper  side.  The  gall  is  always  on  the  side  opposite  to  that 
upon  which  the  mite  begins  its  attack.  Each  gall  contains  at  first 
but  one  mite.  The  galls  enlarge  with  the  leaves  and  white 
globular  eggs  appear.  A  gall  eventually  becomes  tenanted  by  a 
large  number  of  mites.  These  migrate  to  all  parts  of  the  tree. 
Some  produce  (generally  on  the  under  side  of  the  leaf)  the 
growth  of  hypertrophied  hairs  called  Erineum.    The  mites  live  and 


474  GALL-MITE8 ; 

breed  in  this  growth  as  tbey  do  in  the  galls.  Later  they  seek 
winter  quarters,  and  may  be  found  in  the  crevices  of  the  bark  in 
the  maple,  and  between  the  scales  of  the  buds  in  the  pear.  The 
hairiness  of  the  bud  scales  of  many  trees  makes  detection  of  sucli 
small  objects  as  gall-mites  very  difficult. 

The  gall-mites  when  fully  grown  are  of  a  narrow  cylindrical 
form  and  average  i-  to  -J  mm.  long.  All  variations  in  size  can 
be  accounted  for  by  difference  in  tlie  age  of  different  individuals, 
and  by  the  case  with  which  they  change  form.  There  are  two 
parts  to  the  body,  cephalothorax  and  abdomen ;  the  latter  is  mi- 
nutely striated,  the  former  smooth,  and  bears  the  legs  and  mouth 
appendages. 

The  mouth  parts  are  a  pair  of  blunt  pointed  mandibles  held 
closely  together,  between  which-  is  a  blunt  hody^  perhaps  the  max- 
illae, generally  retracted,  but  occasionally  protruded. 

Eyes  are  wanting.  The  legs  are  four,  placed  far  forward,  close 
together,  and  alike  in  size  and  shape.  Each  leg  is  five-jointed, 
the  second  joint  the  longest.  There  are  one  or  two  curving  bristles 
at  certain  Joints.  The  terminal  Joint  is  made  up  of  a  finger- 
shaped  process  to  which  is  opposed  a  feather-like  body  of  extreme 
tenuity  having  a  central  rachis  and  five  barbs. 

The  abdomen  comprises  seven-eighths  of  the  bod}^  is  closely 
striated,  and  very  uniform  except  at  the  free  extremity  which  is 
smooth  and  sucker-like.  There  are  seven  pairs  of  bristles  at- 
tached to  the  body ;  one  pair  at  the  base  of  tlie  second  pair  of 
legs,  one  pair  on  the  back  anteriorly,  two  pairs  on  the  side  of  the 
abdomen  anteriorly  (but  at  slightly  different  planes),  one  pair  on 
the  side  of  the  abdomen  postcriorlj*,  one  pair  long,  and  one  pair 
short,  anal  bristles ;  each  bristle  grows  from  a  small  tubercle. 

There  is  a  large  clear  space  in  the  anterior  part  of  the  body 
cavity  of  an  adult  and  behind  it  ai*e  two  great  masses  of  eggs, 
lying  close  to  the  abdominal  walls,  leaving  a  more  or  less  clear 
central  channel.  In  its  hermaphrodite  character  the  resemblance 
of  Phytoptus  to  the  Tardigrades  is  very  marked,  although  the  testes 
have  not  been  made  out.  In  external  form  there  is  resemblance 
to  Demodex  and  Pentastoma. 

The  gall  mites  walk  with  considerable  ease  using  the  legs  as  an 
ordinary  quadruped  docs. 

The  gall  mites  are  adult,  and  have  no  further  change. 

In  all  the  galls  and  abnormal  growths  examined  by  me,  the 
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mites  were  essentially  the  same,  and  no  clifTerence  worthy  of  being 
ranked  (specific  can  be  found. 

Ttie  blister  spots  of  the  pear  and  the  malformed  flower  clusters 
of  the  biack  ash,  while  not  technically  galls,  are  abnormal  growths 
caused  by  peculiarities  resident  in  the  plants  themselves,  and  not 
in  the  mites. 

The  cases  in  which  gall  mites  were  found  upon  berries  of  the 
grtipo  where  they  bred  in  the  minute  roughened  and  cracked  spots 
in  the  pedicels,  no  galls,  erineum  or  malformation  being  produced 
anywhere  in  the  vicinity,  make  plain  the  fact  that  galls  are  not 
the  necessary  sequence  of  the  presence  of  these  mites,  but  that 
so-called  gall-mites  are  widely  scattered  over  the  cellular  tissue  of 
plants  in  which  they  may  produce  malformations  of  various  kinds, 
or  none  at  all,  according  to  circumstances. 

The  following  is  a  list  of  the  trees  and  plants  on  which  mite- 
galls  and  other  malformations  caused  by  Phytopti  have  been  found 
by  me. 

1.  White  Maple  {Acer  dasycarpum) 

a.  gaUa^  irregularly  rounded,   inner  wall  roughened  by 

protuberances,  medium  sized  (3-5  mm.) 
h.  erineum^  crimson,  under  side  of  leaf. 

2.  Red  Maple  {Acer  i-ubrum) 

a.galls^  reddish,  rounded,  small  (1-2  mm.) 
5.  erineum,  crimson,  under  side  of  leaf. 

3.  Sugar  Maple  (Acer  saccharinum) 

galls  elongated  (3-5  mm.  long),  pointed,  interior 
roughened. 

4.  Black  Cheriy  {Pninus  aerotina) 

galls,  large  (5-8  mm.  long),  obovate,  tapering  to  a 
narrow  stem,  generally  curved,  and  splitting  length- 
wise. 

5.  Wild  Yellow  Plum  {Prunus  Americana) 

galls  as  in  P.  sei'otina  but  smaller,  more  slender. 

6.  Cultivated  Pear  {Pyms  communis) 

"  Blister  spots,"  at  length  blackened. 

7.  Linden  {Tilia  heteropkylla) 

gaUsy  elongated,  pointed  (3-5  mm.)  interior  densely 
covered  by  long,  curved  unicellular  hairs. 
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8.  Black  Ash  {Fraxinua  sambudfolia) 

flower  clusters,  malformed,  producing  a  cauliflowe^ 
like  mass* 

9.  Willow  {Salix sp.) 

gaUs^  small,  numerous,  clustered,  reddish. 

10.  American  Beech  {Fagus  ferrugined) 

erijieum,  yellow,  upper  side  of  leaf  (but  one  specimen 
examined). 

11.  Poison  Ivy  {Rhus  toxicodendron) 

gaUs^  small,  numerous,  clustered. 

12.  Button  Bush  {Ceplialanthus  occidentalis) 

gallSy  small,  numerous,  clustered  along  the  veins. 

13.  Sour  Gum  {Nyssa  multiflora) 

gallSy  small,  numerous,  clustered,  becoming  corky. 

14.  Yellow  Birch  {Betula  lutea) 

erineumy  reddish  green,  upper  side  of  leaf  (but  few 
specimens  found). 

15.  Red  Birch  {BetuUt  nigra) 

gaUsj  small,  numerous,  rounded,  interior  smooth  or 
slightly  granular. 

16.  Speckled  Alder  (Alnu8  incana) 

galls,  small,  rounded,  reddish. 

17.  American  Elm  {Ulmus  Americana) 

galls,  medium  sized,  elongated,  cylindrical,  curved,  in* 
tcrior  filled  with  long,  curved,  unicellular  hairs. 

18.  Cultivated  Grape  {Vitis sp.) 

slight  protuberances  of  the  pedicels  of  the  berries 
shelter  colonies  of  gall-mites,  which  wander  over  the 
whole  vine. 

19.  Hornbean  {Ostrya  Virginica) 

galls,  small,  numerous,  rounded. 

20.  European  Alder  (Alnus  glutinosa) 

galls,  small,  rounded,  reddish. 

A  few  leaves  were  received  from  Finland,  through  Mr.  Franklin 
B.  Hough. 
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On  the  Mooth  of  the  Larva  of  Chbtsopa*    By  Wm.  Saunders, 
of  London,  Ont.,  Canada. 

[▲B8TBA0T.] 

The  author  refers  to  the  form  and  tubular  character  of  the  Jaws, 
the  manner  in  which  the  chrysopa  larva  seizes  and  holds  its  victims, 
the  aphides,  and  its  method  of  feeding  as  seen  under  the  microscope. 

At  the  base  of  each  of  the  mandibles  the  integuments  are  dilated 
into  a  sac-like  form  capable  of  expansion  and  compression  at  will, 
a  poition  of  the  thorax  is  similarly  constructed  and  it  is  by  the 
repeated  dilating  and  compressing  of  these  sacs  that  the  fluid 
contents  of  the  body  of  an  aphis  is  transferred  through  the  tubular 
mandibles  to  the  stomach  of  the  chrysopa  larva. 


The  Classification  of  the  Unoulata.    By  Edward  D.  Cope,  of 
Philadelphia,  Pa. 

[AB8TRA0T.] 

The  name  Ungulata  was  used  in  this  paper  for  the  placental 
mammalia  with  enamelled  teeth,  which  are  furnished  with  hoofs. 
Thus  defined,  it  includes  the  existing  groups  Artiodactyla,  Perisso- 
dactyla,  Proboscidia  and  Hyracoidea ;  and  the  Amblypoda,  Toxo- 
dontia  and  Condylarthra  of  extinct  types.  The  material  of  the  latter 
gronps  now  known  enables  us  to  understand  some  of  the  primary 
characters  of  the  orders  and  to  perceive  the  reason  of  the  order  of 
their  appearance  in  time. 

Especial  attention  was  devoted  to  the  arrangement  of  the  bones 
of  the  carpus  and  tarsus.  Two  types  of  carpus  can  be  recognized. 
In  the  first,  the  trapezoides  supports  the  scaphoid  exclusively  ;  in 
the  second,  it  supports  the  lunar  also.  In  the  first,  the  magnum 
supports  the  lunar,  in  the  second  it  supports  a  part  of  the  cunei- 
form also.  To  the  former  type  belong  the  Condylarthra,  the 
Proboscidia,  the  Amblypoda  and  the  Hyracoidea ;  to  the  latter  the 
PerisBodactyla  and  the  Artiodactyla. 

In  the  tarsus,  three  divisions  are  also  easily  distinguished.  In 
the  first  the  astragalus  articulates  only  with  the  navicular,  and  the 
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cuboid  with  tbe  calcaneum  only.  This  includes  the  Condylarthra 
and  the  Ilyracoidea.  In  the  second,  the  astragalus  unites  with  the 
navicular  only,  and  the  cuboid  with  the  navicular  and  the  calcaneum. 
This  includes  only  the  Proboscidians.  In  the  third  division,  the 
astragalus  unites  with  both  cuboid  and  navicular,  and  the  cuboid 
with  the  astragalus  and  cuboid.  Here  come  the  Amblypoda,  the 
Perrissodactyla,  and  the  Arliodactyla.  Collating  the  relations  of 
both  carpus  and  tarsus,  we  have  then  four  divisions,  each  charac- 
terized by  peculiarities  as  above  indicated.  The  nomenclature 
of  these  divisions  it  was  proposed  should  be  as  follows : 

Order  I.       Taxeopoda  ;  suborders  Hyracoidea  and  Condylarthra, 

Order  II.     Proboscidia. 

Order  III.    Amblypoda  ;    suborders   Taligrada,  Pantodonta  and 

Dinocerata. 
Order  IV.    Diplartdba  ;    suborders    Perissodactyla    and    Artio- 

dactyla. 

The  Ambl3*poda  is  the  only  one  of  these  orders  which  has  no 
recent  representatives.  The  Condylarthrous  division  of  the 
Taxeopoda  is  the  oldest  group. 

The  order  of  evolution  has  been  as  follows :  in  the  Taxeopoda 
the  relations  of  the  carpal  and  tarsal  bones  are  in  separate  contin- 
uous series.  In  the  Proboscidia  and  Amblypoda,  the  carpal  ser- 
ies is  linear,  and  the  tarsal  series  alternating,  but  in  different  ways. 
In  the  Diplarthra  the  carpal  and  tarsal  bones  alternate  with  each 
other  in  the  longitudinal  direction,  or  form  oblique  scries.  It  is 
evident  that  the  alternating  series  form  the  most  compact  and 
effective  structure,  resisting  strains  much  more  strongly  than  that 
of  the  order  Taxeopoda,  or  the  linear  arrangement.  In  the 
Proboscidia,  we  have  the  weaker  structure  of  the  forefoot,  and  a 
peculiar  but  stronger  one  of  the  posterior  foot.  In  the  Ambl^^poda 
we  have  partly  the  same  structure  of  the  forefoot,  while  the  pos- 
terior foot  has  the  interlocking  character  of  the  hinder  foot  of  the 
Diplarthra. 

Three  points  are  here  to  be  obsei'ved.  I.  That  the  weaker 
structure  of  the  carpus  and  tarsus  appears  first  in  time.  II.  That 
the  stronger  structure  appeared  first  in  the  posterior  limbs.  III. 
That  the  interlocking  structure  has  greatly  multiplied,  while  the 
linear  has  dwindled  and  mostly  disappeared.  Here  is  a  direct  oon- 
nection  between  mechanical  excellence  and  survival. 
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The  appearance  of  the  alternating  type  first  in  the  posterior  foot, 
is  a  fact  parallel  to  the  reduction  of  the  toes  in  the  hind  foot  earlier 
in  time  than  in  the  fore  foot.  This  I  have  suggested  has  been  due 
to  the  greater  force  of  the  impacts  and  strains  of  the  hind  foot 
than  the  fore  foot,  since  it  is  the  limb  which  propels  the  body,  while 
the  anterior  limb  principally  supports.  The  reduction  of  both 
fingers  and  toes  has  commenced  on  the  inner  side,  and  the  second 
row  of  carpal  bones  has  coincidentally  with  this  event,  been  rotated 
inwaixls,  with  the  obvious  effect  of  giving  a  more  alternating 
position  to  the  digits.  The  change  in  tlie  tarsus  has  been  effected 
by  the  inward  extension  of  the  cuboid,  which  also  gives  greater 
support  to  the  external,  and  subsequently  to  the  penultimate  toe. 


The  Fauna  op  the  Puerco  Eocene.    By  Edward  D.  Cope,  of 
Philadelphia,  Pa. 

[ABSTRACT.] 

The  paper  on  the  fauna  of  the  Puerco  Eocene  epoch  included  a  gen- 
eral account  of  fifty  species,  mostly  mammalia,  of  the  oldest  tertiary 
formation  known.  The  author  said  he  discovered  the  formation  in 
1874,  in  If,  W.  New  Mexico,  and  that  in  1876  it  had  been  observed 
by  Endlich  and  Holmes  in  southern  Colorado.  Its  deposits  reach 
a  depth  of  1000  feet,  and  consist  of  marls  divided  by  beds  of 
sandstone. 

Of  Reptilia,  six  species  only  had  been  found,  one  tortoise,  one 
crocodile,  and  three  species  of  Champsosanrus.  The  latter  genus 
forms  a  peculiar  suborder  probably  of  Lacertilia  (lizards),  and  is 
characteristic  of  the  underlying  Laramie  or  Cretaceous  No.  6  of 
America,  and  has  been  obtained  from  the  lowest  Eocene  of  Reims, 
France.     The  species  were  aquatic,  according  to  Lemoine. 

The  Mammalia  present  many  peculiarities.  The  Rodentia, 
Carnivora,  and  all  the  existing  orders  of  Ungulata  are  wanting, 
and  their  place  is  taken  by  Marsupialia,  Bunotheria  and  the  ungu- 
late suborders  Condylarthra  and  Taligrada. 

Five  species  of  Marsupials  have  been  found,  which  are  partly 
related  to  tbe  Plagiaulax  of  the  Jurassic,  to  the  Pliocene  Thylacoleo, 
and  existing  kangaroos  of  Australia.  The  most  remarkable  are 
the  two  species  of  Ptilodus,  a  genus  which  has  also  been  found  in 
France  with  the  Champosauras.  Catapaalis  pollux  was  larger  than 
any  existing  kangaroo. 
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Of  the  supposed  Bunotheria,  some  may  be  Marsupialia.  They 
include  two  species  of  lemuroids,  seven  species  of  Creodonta 
(flesh-eaters)  two  of  Tillodonta,  one  of  Taeuiodonta  and  two  of 
Insectivora.  The  lemuroids  (Adapidoe)  belong  to  genera  of  the 
Wasatch  epoch,  while  of  the  creodont  genera,  only  one  {Didtpnidis) 
belongs  to  that  epoch,  and  three  are  peculiar.  One  of  these  is 
Sarcothraustes,  which  represents  the  flat-clawed  group  of  the 
Wasatch  and  included  a  large  powerful  species  (5.  antiquits)  as 
large  as  a  black  bear.  Deltatherium  and  Trii'sodon  are  very 
opossum-like  Creodonta.  The  Tillodonta  belong  to  the  genns 
Psittacotherium,  which  is  provided  with  four  powerful  cutting 
rodent-like  incisors  in  the  lower  Jaw.  It  was  a  nutcracker  or  bark 
stripper.  Of  the  insectivora,  Conoryctes  with  two  species  is  the 
peculiar  genus.  It  has  well  developed  canines,  and  probably  lived 
on  hard  substances. 

The  suborder  Condylarthra  is  found  only  in  this  formation  and 
in  the  Wasatch,  and  is  represented  in  the  Puerco  by  two  families, 
the  Phenacodontidee  and  Meniscotheriides  and  twenty-five  species. 
The  former  family  has  simply  tubercular,  the  latter  crested  teeth. 
The  suborder  is  more  nearly  allied  to  the  Hyracoidea  (conies)  of 
Asia  and  Africa,  than  to  any  other,  and  with  that  and  probably 
some  other  groups  should  be  combined  in  a  special  order,  the 
Taxeopoda,  which  differs  alike  from  its  nearest  allies,  the  Ambly- 
poda  and  the  Proboscidia.  Besides  Meni soother ium  and  Phena- 
codus,  there  have  been  referred  to  this  order  six  genera  with  eleven 
species,  which  are  only  known  from  jaws  and  teeth.  Some  of  these 
have  some  of  the  cusps  of  the  inferior  molars  compressed,  so  as 
to  serve  the  sectorial  function  of  a  flesh-eater.  This  is  especially 
the  case  with  Haploconus.  Periptychus  was  at  first  supposed  to 
be  a  creodont.  It  has  the  teeth  remarkably  sculptured.  PantO" 
lambda  bathmodon^  the  size  of  a  sheep,  is  the  largest  species,  and 
is  an  aberrant  Ambl^'pod. 

In  review,  it  appears  that  of  the  fifty  known  species  of  the 
Puerco  epoch,  all  are  peculiar  to  the  formation.  Three  belong 
to  a  genus  of  the  Laramie  epoch.  Ten  belong  to  six  genera  which 
are  also  found  in  the  Wasatch  epoch.  One  (Hyojysodua)  ranges 
to  the  Bridger.  Of  the  sub-orders  only  two  {Mdraupaliaj  Inaedifh 
ora)  still  exist,  and  three,  including  eighteen  species,  are  not  found 
above  the  Eocene.  Two  other  Eocene  sub-orders  are  represented 
by  a  very  few  species  in  the  lowest  Miocene. 
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On  a  Recent  Species  of  IIeterofora  from  the  Strait  op  Juan 
DE  FucA.     By  J.  F.  WiiiTBAVES,  of  Ottawa,  Ontario. 

The  genus  Heteropora  was  constituted  by  De  Blainville  in  1830, 
for  the  reception  of  certain  erect  and  more  or  less  branching  Poly- 
2oa,  whose  calcareous  skeleton  is  composed  essentially  of  slender 
tubes  of  comparatively  large  size,  each  of  which  is  surrounded  by 
a  single  row  of  smaller  ones.  The  larger  tubes,  which  are  usuall}' 
circular  in  section,  are  universally  admitted  to  represent  the  polyp- 
cells  proper,  —  but  the  functions  of  the  smaller  ones,  which  Mr. 
Busk  calls  the  interstitial  canals  and  which  are  often  angular  in 
section,  are  by  no  means  clearly  understood.  It  has  been  ascer- 
tained, too,  that  the  smaller  tubes  at  least  are  provided  with  cross 
partitions,  that  both  kinds  are  fuiiiishcd  with  radiating  spines,  and 
that  the  walls  of  both  are  perforated  by  numerous  openings. 
These  cross  partitions  and  radiating  spines  have  been  held  to  be  the 
homologues  of  the  tabulae  and  septa  of  the  tabulate  corals  and 
the  perforations  in  the  walls  of  the  tubes  as  analogous  to  the  mural 
pores  of  the  Favositidae. 

Lindstrom,  in  1876,  maintained  that  the  Palaeozoic  fossils  known 
to  geologists  under  the  names  Clioetetes^  Stenoporaand  Monticulipora 
havealmost  exactly  thesame  kind  of  internal  structure  as  ^ef^opo7*a, 
and  that  the  former  genera  therefore  should  be  removed  from  the 
class  to  which  the  true  anthozoan  corals  belong  and  placed  in  that 
of  the  Pol3'zoa,  a  conclusion  which  had  been  arrived  at  ten  years 
before  by  Dr.  Rominger. 

Many  species  of  Heteropora  have  been  described  from  the 
Mesozoic  and  Tertiary  rocks  of  Europe  and  the  United  States, 
but  no  living  representatives  of  the  genus  had  been  discovered 
until  1879.  In  that  year  Mr.  Waters  described  and  figured  a  recent 
species  from  Japan,  under  the  name  II.  pelliculata^  in  the  Journal 
of  the  Royal  Microscopical  Society,  and  a  little  later  in  the  same 
year  Mr.  Busk  published  a  diagnosis,  with  illustrations,  of  a  liv- 
ing pol3'zoon  from  New  Zealand,  which  he  called  H,  Neozelanica^ 
in  the  Journal  of  the  Linnean  Societ}'.  Mr.  Waters  and  Dr.  H. 
A.  Nicholson,  however,  are  both  of  the  opinion  that  the  H, 
Keozelanica  is  identical  with  the  previously  describe<l  H.  pelliculata. 

On  the  coast  west  of  Sooke,  Vancouver  Island,  in  the  Strait  of 
Juan  de  Fuca,  Mr.  James  Richardson,  late  of  the  Geological  Survey 
of  Canada,  found  a  single  specimen  of  a  recent  calcareous  polyzoon, 
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in  1874,  which,  in  th6  writer's  judgment,  cannot  be  distinguished 
by  any  tangible  cliaracter  from  the  Japanese  and  New  Zealand 
species  of  Heteropora  described  by  Messrs.  Waters  and  Busk.  No 
thin  sections  of  this  specimen  have  been  made  to  show  the  mi- 
nute structure  of  the  interior,  but  the  whole  of  the  outer  surface  has 
been  carefully  examined  under  the  microscope  and  camera  draw- 
ings have  been  made  of  some  of  the  appearances  thus  presented. 
The  punctured  calcareous  pellicle  which  Mr.  Waters  represents  in 
his  figures  as  closing  the  mouths  of  the  interstitial  canals  in  R,  pel- 
liculata^  and  to  which  the  specific  name  refers,  can  be  well  seen  m 
the  Canadian  specimen.  On  other  portions  of  the  latter  the  aper- 
tures of  the  larger  tubes  project  distinctly  beyond  the  general  level 
of  the  surface,  a  feature  which  is  not  indicated  on  any  of  Messrs. 
Waters'  or  Busk's  illustrations,  but  this  slight  variation  from  their 
types  can  scarcely  be  held  as  indicating  a  specific  divergence  or 
difference  from  them. 


On  the  Habits  of  Cbtftobbanchus.    By  Bust  G.  Wilder,  of 
Ithaca,  N.  T. 

[ABSTRAOT.] 

LiviKo  examples  of  Cryptobranchus  have  rarely  been  brought 
to  this  country,  and  the  following  observations  may  be  worth 
recording  even  if  they  merely  confirm  those  of  Dutch  and  German 
writers,  whose  works  I  have  not  3'et  been  able  to  consult. 

This  specimen  is  about  75  cm.  (two  and  one-half  feet)  long, 
and  was  obtained  for  Cornell  University  through  Prof.  H.  A. 
Ward,  who  brought  it  by  hand  fVom  Japan. 

It  is  very  sluggish,  remaining  quiet  for  hours  in  the  water, 
excepting  for  the  periodical  respiratory  movements  prasently  to  be 
described.  Nevertheless,  it  can  display  considerable  activity,  and 
on  one  occasion  escaped  from  a  common  wash-tub  which  was  about 
30  cm.  (one  foot)  deep.  ^  Out  of  water  it  appears  uncomfortable 
and  crawls  first  in  one  direction  and  then  in  another,  with  frequent 
stoppages.  It  evidently  seeks  the  shade,  but  gives  no  sign  of  dis- 
criminating objects,  walking  against  dogs  and  cats  and  people  as 
against  wood  or  stone.  The  trunk  is  never  lifted  fi-om  the 
ground,  and  the  compressed  tail  rests  upon  one  side,  but  the  head 
and  neck  arc  sometimes  raised. 

The  respiratory  actions  in  deep  water  I  have  not  observed 
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accurately ;  in  shallow  water  just  covering  it,  the  nostrils  are  raised 
above  the  surface  at  frequent  intervals,  a  hissing  sound  is  heard, 
and  after  the  nostrils  are  again  caiTied  below  the  surface,  a  few 
bubbles  of  air  escape  therefrom,  and  there  are  muscular  movements 
about  the  neck.  During  an  hour,  in  freshly  changed  water,  these 
respiratory  motions  occurred  at  intervals  varying  from  half  a 
minute  to  twelve  minutes,  but  usually  the  time  was  fVom  two  to 
four  minutes. 

No  notice  is  taken  of  raw  or  cooked  beef  or  fish,  either  float- 
ing at  the  surface,  lying  at  the  bottom  or  suspended  just  above  the 
water.  But  if  bits  of  food  are  dropped  close  to  the  mouth,  or 
allowed  to  slide  over  the  top  of  the  head  or  held  at  the  lips  they 
are  readily  snapped  up  and  swallowed  if  not  too  large.  After  a 
time,  the  head  was  moved  slowly  toward  meat  held  about  1  cm. 
from  the  lips ;  I  could  not  determine  whether  sight  or  smell  were 
the  sense  concerned.  Neither  have  I  ascertained  the  functions  of 
the  tubercles. 

This  specimen  has  now  eaten  the  following :  beef  heart,  raw 
and  boiled  ;  blue-fish,  raw  and  boiled  ;  hard  boiled  white  of  egg ; 
canned  roast  beef;  raw  lambs'  liver,  heart,  diaphragm,  lung  and 
thymus ;  baked  maccaroni.^ 


The  Placental  Development  in  Mammals  :    a  unttt  of  ana- 
tomical AND  PHYSIOLOGICAL  MODALrTT  IN  ALL  VERTEBRATES. 

By  Henrt  O.  Marct,  of  Boston,  Mass. 

[abstract.] 

Recent  investigations  by  a  number  of  distinguished  scholars 
have  given  this  subject  a  new  and  exceptional  interest.  Deduc- 
tions have  been  formulated  of  fundamental  importance  not  only 
to  the  physician  and  the  pathologist,  but  also  to  the  comparative 
anatomist  and  scientist.  The  text*books  repeat  almost  unchanged 
the  teachings  of  twenty  years  ago.    The  value  of  comparative  an- 

*  Aoeording  to  Prof.  D.  S.  Jordan,  Uie  prior  gcnerlo  same  of  the  great  Japanese 
aalanuuider  is  Megalobairachus.  Menopama  should  be  replaced  by  Cryptobranduu  and 
Menobranckus  by  Necturus. 

The  SDbJect  of  this  abstract  died  May  25, 1883.  Beside  the  skin  and  skeleton,  prep- 
arations of  the  brain,  heart  and  other  yiscera  are  preserved  in  tbo  museum  of  Cornell 
UoiTersity. 
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atomy  in  clearing  up  intricate  questions  pertaining  to  tlie  structures 
of  the  human  species  has  been  generally  underestimated  ;  especially 
is  this  true  In  reference  to  the  human  placenta.  The  older  masters 
of  tlie  Italian  schools  (Pliillipo  Ingiassius,  Fabricius,  Malphigi) 
studied  with  great  care  man}-  phases  of  placental  development  in 
mammals.  The  modern  investigations  of  Owen,  Huxley,  Turner 
and  especially  of  Prof.  Ercolani  of  Bologna  are  of  the  first  im- 
portance* 

The  simplest  form  of  placental  development  is  found  in  the 
diffused  placenta  of  the  solipeds. 

In  the  non-gravid  uterus  of  the  mare,  ^'  the  mucous  membraue 
is  smooth  and  velvety,  of  a  rose  color  inclining  to  yellowish,  and 
here  and  there  it  is  doubled  over  into  largo  and  soft  folds.  In  the 
gravid  uterus,  on  the  contrary,  the  folds  are  wanting  and  over  the 
whole  surface  of  the  mucous  membrane  are  scattered  vermiform 
projections  winding  closely  against  each  other,  of  a  very  intense 
deep  red  color  tending  to  violet,  and  the  surface  has  a  swollen 
appearance.  "1 

Vertical  sections  of  the  uterus,  in  an  advanced  stage  of  gesta- 
tion, show  in  the  place  of  the  mucous  membrane,  which  in  the 
non-pregnant  state  is  scarcely  distinguishable,  a  uniform  laj-erfrom 
one  to  two  millimetres  thick,  which  upon  superficial  examination 
appears  like  a  transformation  of  the  uterine  mucous  membrane. 
Into  this  the  villi  of  the  chorion  enter  and  are  somewhat  uniformly 
distributed  over  the  whole  uterine  surface.  "This  so-called 
tumefied  mucous  membrane  has  its  origin  from  the  sub-epitlielial 
connective  tissue  and  consists  of  an  infinite  number  of  simple 
glandular  follicles,  and  may  very  properly,  as  designated  by 
Ercolani,  be  considered  as  a  new  glandular  secretive  organ.  The 
villi  of  the  chorion  are  enclosed  by  these  introflexions  and  follicular 
depressions,  instead  of  entering  as  was  earlier  supposed  the  uterine 
utricular  glands.  These  glandular  follicles  are  supplied  with  an 
internal  epithelium  and  are  developed  only  during  gestation. 

The  careful  study  of  the  multiple  placenta  of  the  Ruminants 
teaches  much  of  value.  Fabricius  thought  there  was  a  direct 
communication  between  the  vessels  of  the  mother  and  the  foetns. 
Harvey,  on  the  contrary,  maintained  that  the  fluid  secreted  by  the 
cotyledons  was  absorbed  by  the  villi.  This  view  was  sustained 
by  Needham  and  Haller. 

>  l^rcolani,  Utricular  Glands  of  the  Uterus,  etc.,  pago8&. 
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Ercolani  has  demonstrated  that  u[K>n  the  site  of  the  rudimentary 
cotyledons,  which  are  never  wanting  in  the  non»pregnant  state, 
there  is  developed  during  pregnancy  a  new  organ  of  glandular 
secretory  character  and  that  this  differs  from  the  diffuse  placenta 
chiefly  in  being  developed  over  circumscribed  areas  and  in  possess- 
ing a  more  complex  condition. 

The  study  of  the  single  placenta  is  beset  with  far  greater 
difficulties.  A  transverse  section  of  a  gravid  uterus  of  the  rabbit 
at  the  placental  site,  the  second  week  of  pregnancy,  shows  three 
parts  each  clearly  distinct. 

1.  The  muscular  wall  of  the  uterus. 

2.  The  placental  neoplasm  which  is  developed  upon  the  inner 
uterine  surface. 

3.  Above  this  is  the  old  uterine  mucous  membrane  tumefied  and 
about  to  undergo  destructive  changes. 

Two  most  noteworthy  conditions  appear. 

The  utero-placental  vessels  have  a  lumen  almost  double  the  ves- 
sels from  which  they  proceed,  and  notwithstanding  their  greater 
volume  the^'  show  in  their  walls  none  of  the  anatomical  character- 
istics, which  serve  to  distinguish  the  arteries  from  the  veins  and 
which  are  clearly  visible  in  the  uterine  vessels. 

The  second  and  even  more  important  fact  is  that  these  vessels, 
instead  of  the  ordinarj'  walls,  are  surrounded  with  a  uniform 
envelope  of  cells  of  a  special  character,  which  cannot  be  distin- 
guished from  the  cells  of  the  decidua  serotina  and  the  maternal 
placental  tissue.  The  special  characteristic  of  the  walls  of  the 
vessels,  composed  as  they  are  seen  to  be  of  only  the  endothelium, 
is  an  objection  to  the  supposition  that  their  development  could 
procee<l  from  the  vascular  network  of  the  old  transformed  mu- 
cous membrane.  This  is  emphasized  by  the  exceptional  fact  that 
the  old  uterine  mucous  membrane  is  detached  from  the  muscular 
wall,  and  with  its  glands  is  undergoing  a  process  of  rapid  destruc- 
tion. These  facts  place  it  beyond  all  doubt  that  the  utero- 
placental vessels  and  their  surrounding  cells  are  the  result  of  a 
real  neo-formative  process. 

In  all  animals  having  a  single  placenta,  the  decidua  vera  and 
the  decidua  reflexa  are  of  new  and  distinct  formative  character. 
The  decidua  vera  is  composed  of  newly  formed  cells  which  arc 
early  arrested  in  their  development  and  superimposed  upon  it  is 
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the  old  uterine  mucous  membrane,  usually  easily  distinguished  by 
its  glands,  and  which  later  is  seen  in  process  of  destruction  and 
interblending  between  the  external  layer  of  the  ovum  and  the  in- 
ternal uterine  wall. 

In  most  animals  the  newly  formed  placental  vessels  have  a 
uuifoim  diameter  and  constitute  a  network  of  small  meshes  which 
reaches  as  far  as  and  is  firmly  joined  to  the  chorion. 

In  the  meshes  of  this  network,  are  found  the  foetal  vessels 
which  unite  and  enter  the  cord.  By  injection  of  these  we  have  a 
better  demonstration  of  the  relations  established  between  the  foetal 
and  maternal  portion  of  the  placenta. 

A  careful  study  affords  convincing  proof  that  the  umbilical  ar- 
teries ramify  and  terminate  in  a  thin  fine  network  of  capillaries 
in  the  chorial  villi  and  are  in  close  contact  with  the  cellular  cov- 
ering which  clothes  the  maternal  vessels.  Demonstrative  evidence 
of  this  relationship  in  the  human  placenta  has  been  frequently 
observed  by  myself,  where  the  placenta  has  been  undisturbed  in 
its  connections  with  the  uterus  for  a  considerable  period  af1«r  the 
death  of  the  foetus. 

The  chorial  villi  become  shrunken  and  easily  separate  from  the 
decidual  sheath,  the  cells  of  which  remain  unchanged. 

In  certain  of  the  lower  animals  (e.  ^.,  the  Cavia  cobaya  or 
guinea  pig)  Ercolani  has  observed  that  the  maternal  vessels  be- 
come dilated  in  their  terminal  loops.  This  is  of  especial  im- 
portance since  it  furnishes  an  example  in  rudimentary  condition, 
of  that  which  takes  place  in  an  extreme  degree  in  tlie  human 
placenta. 

The  destructive  changes  in  the  uterine  mucous  membrane  of 
woman  after  conception  are  limited  to  the  epithelial  layer.  After 
the  separation  of  the  decidua  vera  from  the  internal  uterine  sur- 
face, it  is  observed  that  the  muscular  wall  is  covered  with  a 
mucous  membrane  identical  with  that  lining  the  uterine  cavity 
before  impregnation.  The  uterine  mucous  membrane  \s  little 
more  than  a  simple  layer  of  epithelium  and  the  reproduction  of 
this  is  all  that  is  required  to  restore  the  internal  surface  of  the 
uterus  to  its  primary  state.  During  the  earl}'  period  of  develop- 
ment of  the  human  placenta,  the  decidual  cells  form  a  richly  vas- 
cular compact  layer  suri'ounding  the  chorial  villi.  For  a  limited 
time  the  relationship  between  the  parte  is  not  so  intimate  that  they 


BT  HENRY   O.    HABCT.  487 

cannot  be  separated.  At  this  stage,  before  the  maternal  vessels 
become  ectasic,  the  form  of  development  is  not  unlike  the  dif- 
ibsed  or  disseminated  placenta. 

The  walls  of  the  proliferating  branches  of  the  villi  are  neces- 
sarily forced  against  the  decidual  layer  of  cell  covering  the  ectasic, 
thin  walled  maternal  vessel.  Thus  this  is  introflected  and  a  close 
union  ensues.  In  this  manner  the  so-called  placental  lacunae  are 
formed  in  the  fully  developed  placenta,  and,  from  this  very  decep- 
tive appearance,  it  has  been  held  as  a  demonstrated  fact,  that  the 
foetal  villi  swim  in  the  maternal  blood. 

The  epithelial  covering  of  the  vascular  loop  of  the  foetal  villus 
is  wanting  because  of  the  intimate  relation  which  has  been  estab- 
lished between  it  and  the  secretory  villus,  which  never  loses  its 
own  epithelium.  The  form  of  the  vascular  loop  of  the  maternal 
villus  varies  greatly.  In  the  quadrumania  and  in  woman  the  dila- 
tations become  lacunose  and  are  actually  enormous. 

All  the  vertebrates  during  the  period  of  embryonic  life,  in  order 
to  complete  the  marvellous  phases  of  their  development,  require  a 
special  nourishment  which  is  always  furnished  them  by  the  mother. 
This  is  conveyed  to  and  converted  into  its  own  substance  by  the 
embryo,  and  however  many  and  considerable  may  be  the  differences 
met  with,  in  these  two  fundamental  factors,  the  unity  running  through 
them  readily  appears  under  two  general  forms,  represented  by  the 
yolk  of  the  egg  in  oviparous  animals  and  by  the  placenta  in 
mammals.  In  the  first,  the  maternal  aliment  is  stored  up  in  a 
mass  by  the  mother  and  emitted  with  the  ovum  in  the  quantity 
needed  by  the  embryo  to  complete  its  development. 

In  the  second,  the  nutritive  material  is  furnished  by  the  mother 
from  the  placenta  which  elaborates  it  as  needful  for  the  develop- 
ing embryo.  These  materials  in  every  case  are  absorbed  and 
conveyed  to  the  foetus  by  means  of  its  own  vascular  appendages. 
Thus  nutrition  is  carried  on  during  the  development  period  in  all 
vertebrates  by  a  single  law  of  physiological  modality. 

The  typical  anatomical  form  in  the  two  fundamental  parts  of 
the  placenta,  however  wide  the  variation,  is  always  identical : — a 
villus  of  Bcw  formation  maternal  as  well  as  foetal,  each  composed 
of  an  internal  vascular  loop,  surrounded  by  a  cellular  layer  and 
covered  with  an  outer  epithelium.  The  oflBce  only  of  the  villi  is 
different,  the  foetal  absorptive,  the  maternal  secretive.  These  villi 
always  come  in  contact  more  or  less  intimate,  but  the  walls  of 
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the  vascular  loops  never  in  any  instance  touch.  This  is  the  more 
to  be  emphasized  since  it  invalidates  the  idea  hitherto  held,  and 
yet  almost  universally  taught,  that  the  mode  of  the  nutrition  of 
the  foetus  is  an  interchange  between  the  two  bloods  by  endosmosis 
and  exosmosis.  The  different  wa3's  of  the  interblending  of  the  foetal 
and  maternal  villi  give  the  complex  and  confusing  picture  of 
placental  formation.  The  belief  that  the  lacuns  were  really 
large  cavities  as  tliey  certainly  appeared,  and  not  the  maternal 
vessels  greatly  dilated,  was  held  as  a  truth  proved  and  indisputa- 
ble, and  it  was  through  this  belief  that  two  other  deceptive  appear- 
ances were  received  as  actual  truths,  namely,  that  the  villi  floated 
in  the  maternal  blood  .  and  that  the  epithelium  covering  them 
appertained  to  the  foetus  instead  of  the  mother. 


The  Morphology  of   Arteries.    By  Frank  Baker,  of  Wash- 
ington, D.  C. 

[ABSTRACT.] 

Thb  arterial  system  is, remarkable  for  irregularity  and  variar 
bility  ;  yet  an  attempt  should  be  made  to  bring  it  under  morpho- 
logical laws. 

Ontogenetic  development  shows  that  the  embrj^o  has  at  fii'st  no 
vessels.  These  arise  b}'  vacuolation  of  cells  which  unite  to  form 
capillary  tubes  commencing  at  the  periphery  of  the  area  vasculosa 
and  approaching  the  heart.  Uniting,  these  form  trunks  along  lines 
of  axial  growth.  This  centripetal  development  is  to  be  considered 
when  attempting  to  interpret  the  laws  wlrich  govern  the  arterial 
6}' stem. 

Phylogenetic  development  confirms  and  supplements  this  evi- 
dence. The  lowest  animals  possess  no  proper  vessels,  but  ob- 
tain food  b}^  protoplasmic  imbibition.  The  alimentary  canal  may 
ramify  in  the  sarcode,  curiously  resembling  a  vascular  system,  but 
analogous  only.  The  water-vascular  system  formed  by  a  split 
between  the  two  layers  of  the  body  wall  is  possibly  the  origin  of 
the  lymphatics.  The  blood-vascular  system  commences  by  longi- 
tudinal trunks.  The  moAcments  of  the  body  being  more  freqnenl 
in  the  direction  of  the   mouth  tend  to  develop  such  trunks.    In 
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higher  forms  these  are  supplemented  by  transverse  trunks  corre- 
sponding to  tlie  somatomes.  In  animals  having  limbs  the  liml> 
trunks  show  a  law  of  uniform  dichotomous  division  relating  to  the 
segments  of  the  limb.  If  we  admit  Gegenbaur's  theory  that  limbs 
arise  as  buds  upon  which  other  buds  form  in  a  radiate  manner, 
the  arterial  ramification  can  be  explained.  Some  of  the  arterial 
trunks  belong:  to  aborted  ravs.  When  arteries  do  not  divide  at  the 
normal  point  they  have  a  tendency  to  do  so  at  the  node  next 
nearest  the  heart.  This  is  caused  by  variability  of  convergence. 
One  artery'  may  take  the  place  of  another  by  inter-substitution. 
Functional  activity  may  greatly  modify  the  vascular  system.  In 
the  intestinal  canal  (splanchno-pleure)  protected  from  external  in- 
fluences, the  cell-life  is  simple  and  there  has  been  less  differentia- 
tion than  at  tke  periphery  (somato-pleure).  The  primitive  type 
is  more  nearl^  preserved  there,  and  the  vessels  resemble  a  capil- 
lary plexus  vastly  enlarged. 

The  phenomena  of  ramification  can  be  explained  by  reference  to 
an  ancestral  archetype  from  which  the  arterial  systems  of  all  ver- 
tebrates are  derived. 

The  paper  was  profusely  illustrated  by  drawings  and  diagrams. 


Illusions  of  Motion.      By  H.  P.  Bowditch  and  G.  Stanley 
Hall,  of  Boston,  Mass. 

[ABSTRACT.] 

I.  It  is  a  very  old  observation  that  when  the  eye  has  rested  for  a 
time  upon  a  moving  object  or  a  series  of  moving  objecte  and  is  then 
transferred  to  a  stationary  object  the  latter  seems  for  a  few  mo- 
ments to  be  animated  by  a  movement  in  the  opposite  direction. 

Examples  of  this  phenomenon  are  furnished  by  watching  a 
waterfall  and  then  looking  at  the  stationary  bank,  or  by  looking 
at  the  floor  of  a  moving  railway  car  after  watching  the  apparent 
motion  of  the  landscape  without. 

The  term  *'  subjective  complementary'  motion"  has  been  applied 
to  illusions  of  this  sort  on  account  of  the  analog}'  which  they  pre- 
sent to  complementary  after  images.     Prof.  S.  P.  Thompson  who 
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suggests  the  use  of  this  term  formulates  the  following  law :  ^'  The 
retina  ceases  to  perceive  as  motion  a  steady  succession  of  images 
that  pass  over  a  particular  region  for  a  sufficient  lime  to  induoc 
fatigue,  and  on  a  portion  of  the  retina  so  affected  the  image  of  a 
body  not  in  motion  appears  by  contrast  to  be  moving  in  a  com- 
plementary direction."  (See  Quarterly  Journal  of  Science,  March, 
1879.) 

The  observation  of  a  revolving  disk  on  which  a  spiral  line  is 
drawn  affords  perhaps  the  readiest  means  of  studying  this  illu- 
sion, at  the  same  time  that  it  shows  the  inadequacy  of  the  expla- 
nations which  have  been  hitherto  offered.  If  the  disk  be  revolved 
in  such  a  way  as  to  produce  a  contraction  of  the  spiral  hue 
towards  the  centre,  an  apparent  expansion  is  observed  when  the 
gaze  is  directed  to  a  stationary  object.  Now,  if  the  stationaiy 
object  thus  viewed  be  a  sheet  of  paper  on  which  a  straight  line 
is  distinctly  ruled,  and  the  eye  be  directed  to  a  point  near  but 
not  upon  this  line,  the  surface  of  the  paper  appears  to  be  animated 
with  a  movement  of  expansion  from  the  point  looked  at,  while  the 
line  does  not  appear  to  alter  its  straight  direction.  In  other 
words,  the  field  of  vision  as  a  whole  appeai-s  to  expand,  while  the 
separate  points  in  it  do  not  alter  their  relative  position  in  regard 
to  each  other.  This  is  best  explained  on  the  supposition  that  the 
apparent  expansion  is  a  phenomenon  connected  with  the  visual 
centres  in  the  brain,  and  not  with  the  optical  or  mechanical  ap- 
paratus of  the  eye. 

II.  The  apparent  rotation  of  a  set  of  concentric  circles  when  a 
"  rinsing"  movement  is  imparted  to  them,  as  described  by  Thomp' 
son,  may  be  partly  accounted  for  as  follows.  When  a  set  of  con- 
centric circles  is  moved  to  and  fro  across  the  field  of  vision,  that 
portion  of  the  circles  in  which  the  direction  is  the  same  as  that 
of  the  motion  will  be  mostly  distinctly  visible.  The  blurred  figure 
of  the  circles  will  thus  be  divided  by  two  narrow  scctoi*s  in  which 
the  lines  will  be  distinctly  seen.  Now,  when  a  '*  rinsing"  move- 
ment is  given  to  the  circles,  the  direction  of  the  movement  is 
continuall}'  changing,  and  consequently  the  narrow  sectors  in 
which  the  lines  are  distinctly  seen  will  appear  to  move  around 
the  circles  and  thus  cause  the  appearance  of  rotation.  Another 
factor  in  th«  production  of  this  phenomenon  is  the  apparent  1*0- 
tation  round  a  point  in  its  circumference  which  is  produced  when- 
ever a  circle  is  carried  with  a  rinsing  movement  through  a  circle 
equal  to  itself. 
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in.  The  apparent  slow  rotation  of  a  circle  with  internal  cogs 
in  the  direction  opposite  to  that,  of  the  "  rinsing"  movement,  a 
phenomenon  also  described  by  Thompson,  appears  to  be  due  to  the 
fact  that  the  end  of  the  cog  is  most  distinctly  seen  when  it  is  in 
that  portion  of  its  course  which  is  most  distant  from  the  line  from 
which  it  arises,  for  here  it  is  least  obscured  by  after-images  of  the 
line.  The  phenomenon  can  be  equally  well  observed  when  two 
horizontal  lines  with  cogs  directed  towards  each  other  are  sub- 
jected to  a  rinsing  movement,  the  two  lines  of  cogs  appearing  to 
move  in  opposite  directions.  These  experiments  will  be  reported 
in  fhll  in  an  article  which  will  shortly  appear  in  the  Journal  of 
Physiology.     (See  Journal  of  Phys.  Ill,  297.) 


Demokstbation  of  a  Series  of  Brains  prepared  bt  Giacouini's 
Method.     By  Williah  Osler,  of  Montreal,  Canada. 

[ABSTRACT.] 

The  brain  (human),  as  fresh  as  possible,  is  placed  in  saturated 
zinc  chloride  solution,  in  which  it  floats,  so  that  it  has  to  be  turned 
or  covered  with  cotton  wool  soaked  in  the  fluid.  On  the  second 
day  the  membranes  are  removed.  This  is  the  only  tedious  part  of 
the  process,  as  the  dissection  must  be  carefully  made  about  the 
nerves.  After  having  been  in  the  solution  for  about  a  week,  the 
brain  is  transferred  to  alcohol  (methyated  spirits)  in  which  it 
sinks  so  that  cotton  wool  must  be  placed  beneath  to  obviate  the 
effects  of  pressure.  The  organ  can  remain  in  spirit  an  indefinite 
time,  but  after  six  or  seven  days  is  ready  for  the  third  stage  of 
the  process, — immersion  in  glycerine  (best),  in  which  it  floats.  It 
remains  in  this  until  it  sinks  to  the  level  of  the  fluid  which  usually 
takes  a  week.  It  is  then  removed,  the  surplus  glycerine  washed 
off  and  the  organ  exposed  to  the  air  in  a  protected  place.  When 
dry  it  receives  a  coating  of  ordinary  varnish  and  remains  un- 
change<l  for  years.  The  method  is  applicable  to  the  brains  of 
small  animals,  and  the  stages  of  the  process  are  shorter. 
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Cuoss  Heredity  from  Sex  to  Sex.     By  Mrs.  A.  B.  Blacxwell, 
of  Sonierville,  JS\  J. 

[abstract.] 

There  is  much  evidence  that  cacli  organic  cell  and  organism 
assimilates  foo<l,  builds  structure,  and  performs  functions  nnder 
the  same  law  of  equal  action  and  reaction  that  rules  inorganic 
nature  and  maintains  the  balance  of  work  among  correlated  ener- 
gies. Thus,  each  higher  organism  is  differentiated  to  perpetuate, 
not  another  organism  like  itself,  but  incomplete  elements,  the  in- 
cident forces,  which,  cooperating  with  complcmentar}'  elements, 
can  establish  the  new  organism.  Hence  a  permanent  moving 
equilibrium  of  male  and  female  influence  in  the  new  being ;  ami, 
by  the  law  of  averages,  each  determines  the  sex  in  about  equal 
numerical  proportions.  There  is  also  a  well  known  family  resem- 
blance among  brothers  and  sisters  which  underlies  even  unlike 
physical  details  and  various  mental  ability,  and  is  often  an  ob- 
vious balance  of  the  dissimilar  characters  of  the  parents.  Mixetl 
races  are  the  conspicuous  blending  of  both  types  of  progenitors. 

But,  since  special  characters  are  entailed  to  the  same  sex  ex- 
clusively, then  a  corresponding  inheritance  of  more  general  char- 
acters shc^uld  be  entailed  to  the  opposite  sex  distinctively,  if  the 
balance  is  maintained. 

Several  classes  of  facts  were  given  by  the  writer  in  evidence  of 
cross  inheritance. 

With  feeble  mothers  and  strong  fathers,  daughters,  at  birth, 
have  an  apparent  advantage  over  their  brothers ;  but  if  the  in- 
equality is  reversed  in  the  parents,  the  sons  begin  life  better  en- 
dowed than  their  sisters. 

If  parents  are  strongly  marked  contrasts,  the  sons  most  of^en 
resemble  the  mother  and  the  daughters  the  father.  When  this  is 
not  readily  evident,  intimate  acquaintance  will  often  bring  out 
cross  inheritance  in  some  other  form  of  compensation. 

Idiosyncrasies  and  traits  independent  of  sex  are  most  often  re- 
produced b}'  cross  hercdit}'. 

In  mixed  races,  Indian  and  negro,  white  blood  is  presumably  a 
male  inheritance,  and  the  women  as  a  class  are  certainly  lighter 
and  more  Caucasian  in  features  than  the  men.  But  in  special 
cases,  where  the  mother  is    white,  the  male  children  more  often 


J 


ORGANIC  COMPOCNDS  ;   BT   LE9TBR  F.   WARD.  493 

resemble  the  -whites.     The  same  law  holds  in  all  mixed  nationali- 
ties to  a  noticeable  extent. 

There  are  complications  arising  from  the  general  blending  of 
many  characters,  and  therefore  room  for  difference  of  conclusion ; 
yet,  if  attention  can  be  definitely  called  to  the  facts,  it  is  believed 
that  the  compensative  law  of  cross  inheritance,  from  sex  to  sex, 
may  be  definitely  established. 


The    Organic    Compounds  in  their   relations  to   Life.    By 
Lester  F-  Ward,  of  Washington,  D.  C* 

[ABSTRACT.] 

Organic  compounds  may  be  defined  as  ^^  substances  whose 
highly  complex  and  very  unstable  molecules  are  composed  of 
those  of  inorganic  compounds  or  of  organic  compounds  of  lower 
organization,  formed  or  the  cooled  surfaces  of  fully  developed 
plants  at  life-supporting  temperatures." 

So  far  as  the  cosmical  origin  of  the  various  substances  compos- 
ing the  earth's  crust,  whether  elemental  or  compound,  is  under- 
stood, it  seems  to  have  conformed  to  the  following  law :  the 
molecules  constituting  each  progressively  more  complex  unit  ex- 
hibit increase  of  mass  accompanied  by  decrease  of  stability. 

The  artificial  synthesis  of  organic  compounds  has  obliterated 
the  line  formerly  supposed  to  exist  between  the  chemical  consti- 
tution of  inorganic  and  of  organic  compounds. 

The  properties  of  substances  depend  upon  their  molecular  con- 
stitution :  the  more  complex  their  constitution  the  more  active 
their  properties.  Thus  the  properties  of  compounds  are  as  a  rule 
more  active  than  those  of  elements,  those  of  organic  arc  more 
active  than  those  of  inorganic  compounds,  those  of  the  alkaloids 
h:ore  active  than  those  of  the  amyloids,  and  those  of  the  albumi- 
noids more  active  than  those  of  the  alkaloids.  In  the  last  case, 
however,  the  activity  manifests  itself  in  a  different  manner,  viz., 
through  rapid   changes  of  internal  structure  including  the  phe- 

*  This  paper  was  published  in  full  In  ttie  Amei'ican  Natnralist,  Vol.  xvi  (December, 
UK)  pp.  96S4»79. 
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nomena  of  isomerism ;  thas  partially  ceasing  to  be  molecakr  and 
in  a  certain  way  affecting  tlie  mass. 

These  nitrogenous  compounds  themselves  possess  grades  of 
complexity  and  instability,  and  thus  we  arrive  in  an  ascending 
scries  at  proteine  and  finally  at  protoplasm. 

Protoplasm  is  a  chemical  substance  whose  relatively  large  mol- 
ecules may  have  been  compounded  of  those  of  the  less  complex 
albuminoids. 

The  activities  manifested  by  protoplasm  consist  in  actual  alter- 
ations in  the  mass  of  the  substance,  which  is  the  fundamental  fact 
involved  in  the  phenomena  of  life.  Life  is  therefore  essentially  a 
propeily  of  protoplasm. 

All  the  higher  manifestations  of  life  arc  reducible  to  proto* 
plasmic  activit}',  and  the  enlarged  scale  on  which  the}'  operate  is 
due  to  subsequent  organization.  A  living  being  is  only  a 
quantity  of  organized  protoplasm,  and  tissues  are  merely  the 
framework  and  material  machinery  by  means  of  which  the  life- 
substance  is  enabled  to  multiply  effects. 


Classification  of  Oroakisms.    By  Lester  F.  Ward,  of  Wash- 
ington, D.  C.^ 

[ABSTRACT.] 

The  terms  animal  and  vegetable  have  proved  wholly  inadequate 
to  express  the  distinctions  which  are  found  to  exist  among  or- 
ganisms. As  popular  terms  they  are  useful,  but  as  scientific 
terms  they  have  already  led  to  much  fruitless  discussion. 

The  fundamental  distinction  in  biology  should  be  drawn  be- 
tween those  organisms  which  are  capable  of  assimilating  chemical 
or  inorganic  matter,  and  those  which  depend  entirelj^  upon  the  ap- 
propriation of  matter  already  so  manufactured.  We  would  thus 
have  two  classes  of  organisms,  viz.,  first,  assimilators,  tissue 
manufacturers,  or  autogens;  and  second^  paroMtes. 

The  first  of  these  classes  might  be  subdivided  into  three 
groups:     1.  Those  that  manufacture  protoplasm  only  and  con- 

^This  paper  was  condensed  firom  the  writer's  work  *' Dynamic  Sociology"  (Kew 
York,  D.  Appleton  A  Co.,  1883,  Vol.  i,  pp.  847-805),  pablished  since  the  Montreal  Meet* 
ing. 
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sist  entirely  of  that  substance.  2.  Those  that  manufacture  both 
protoplasm  and  also  some  form  of  protective  integument  or  frame- 
work. 3.  Those  which  decompose  carbonic  dioxide  and  employ 
the  carbon  thus  liberated  as  the  strengthening  material  of  tlicir 
tissues,  viz.,  plants  proper. 

The  second  class  is  also  divisible  into  three  groups :  1.  Those 
which  appropriate  matters  already  manufactured  by  organisms  of 
the  first  class  (or,  as  in  the  case  of  lichens,  take  them  at  third 
hand  from  organisms  of  the  same  class),  but  which  are  not  only 
fixed  like  plants  but  are  of  low  organization  and  simple  cellular 
structure.  2.  True  parasitic  plants,  whose  organization  plainly 
indicates  that  they  have  descended  from  chlorophyl-bearing 
plants,  of  which  they  are  degraded  types.  3.  Animals  proper, 
which  live  on  the  substance  manufactured  by  the  first  class  of  or- 
ganisms, either  by  taking  it  directly  from  plants,  or  by  preying 
on  others  of  their  own  group  which  have  derived  their  suste- 
nance from  plants. 
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Brooks  of  Baltimore,  Md. 
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ADDRESS 
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PROFESSOR  ALBERT  H.  TUTTLE, 


VICE  PBESIDBNT,  SECTION  Q. 


Fellow -MEMBERS  of  the   Section  of  Histology  and  Micbos- 
copt: — 

It  is  my  esteemed  and  honorable  privilege  to  preside  over  the 
flrst  session  of  this  body  held  with  its  present  organization  and 
standing  as  an  independent  Section  of  the  Association. 

In  assuming  the  duties  and  the  honors  conferred  upon  me,  I 
find  my  mind  reverting  to  the  antecedents  of  this  Section  and  the 
days  of  its  beginnings.  Some,  at  least,  among  you  will  recall 
with  me  the  daily  gathering  of  a  little  company  in  an  out-of-the- 
way  room  during  the  Salem  meeting  of  the  American  Association 
in  1869,  to  which  the  name  of  ^^  the  Subsection  of  Microscopy" 
was  first  given. 

Long  shall  I  remember  the  sessions  of  that  meeting,  half  for- 
mal, half  informal.  There  we  debated  (or  listened  while  others 
debated)  gravely  whether  or  no  the  ^^  nineteenth  band  "  had  really 
been  resolved.  We  triumphed  unitedly  in  the  clearness  of  the 
demonstration  by  one  of  the  more  expert  of  our  number  of  the 
^*  basket-work"  upon  Surirella  gemma^ — ultima  thule^  then,  to  us  of 
test-objects ;  and  some  of  us,  at  least,  looked  for  the  first  time,  at 
and  through  what  was  for  us  the  crowning  wonder  of  the  day — a 
Wenham  binocular !  We  discussed  there  in  simple  faith  the  mer- 
its and  demerits  of  ^^  that  quality  in  an  objective  termed  pene- 
tration/' without  a  shadow  of  doubt  as  to  whether  we  agreed  as 
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to  what  we  meant  by  the  expression,  or  any  dream  of  the  latter- 
day  skepticism  as  to  the  very  existence  of  the  '^  quality"  we  so 
earnestly  discussed.  We  listened  eagerly  while  the  late  Mr. 
BickncU  described  the  method  by  which  he  made  his  then  unriv- 
alled injections,  the  open  secret  of  which  appeared  to  be,  when  all 
was  told,  that  tlie  way  to  make  good  injections  (or  good  anything 
else)  was  to  take  each  step  intelligentl}*,  carefully  and  coiTectly ; 
and  we  gazed  with  interest,  if  not  with  admiration,  at  a  demon- 
stration, which  some  who  were  present  then  will  perhaps  recall,  of 
bow  a  microscope  can  be  made  to  serve  as  almost  anything  that 
it  was  not  intended  to  be,  if  you  only  modify  it  sufficiently,  and 
add  pieces  enough. 

This  sounds  like  childish  talk,  but  such  was  the  infancy  of  the 
body  that  sits  here  to-day ;  and  this,  let  me  add,  was  in  what 
might  almost  be  called  the  childhood  of  microscopy  in  America. 
True,  there  were  already  in  this  countiy  many  excellent  micro- 
scopes (Including  a  due  proportion  of  the  wonderful  binoculars) 
and  a  goodly  number  of  excellent  microscopists,  not  a  few  of 
whom  had  risen  far  beyond  the  level  indicated  by  the  scenes 
that  I  have  described.  True,  much  excellent  research,  some  of 
which  stands  to-day  as  no  less  excellent,  had  been  carried  on  in 
America  long  before  the  times  of  which  I  speak,  b}'  solitary 
workers,  scattered  here  and  there  over  the  eastern  states,  the 
names  of  many  of  whom  will  be  recalled  by  each  of  you  as  I  spevk ; 
but  that  general  interest  in  the  microscope  and  its  i*evelations 
which  forms  so  large  a  part  of  the  intellectual  activity  of  to-day 
was  as  yet  hardly  known,  and  among  tUose  devoted  to  scientific 
and  even  to  biological  research  the  microscope  was  far  too  often 
an  infrequent  and  unimportant  auxiliary. 

If  microscopes  were  not  as  numerous  then  as  now,  neither  were 
they  as  easily  to  be  had.  In  that  day  he  who  wanted  to  buy  a  mi- 
croscope had  to  hunt  for  it.  To-day  I  hod  almost  said  that  a  man 
must  be  rather  ingenious  to  avoid  buying  half  a  dozen.  Then,  be 
who  wished  an  instrument  from  a  foreign  workshop  had  to  make 
it  the  subject  of  a  special  order ;  to-day  half  a  dozen  imfK>rtera 
carry  extensive  stocks  of  the  instruments  most  likely  to  be  in  de- 
mand. Then,  as  regards  American-made  microscopes,  if  a  stand 
was  wanted,  the  buyer  looked  (and  not  unwisely)  first  of  all,  to 
a  little  shop  in  Philadelphia  where  labored  and  still  labors — long 
may  he  do  so— one,  the  thoroughness  and  fidelity  of  whose  hand!* 
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work  alone  enable  him  still  to  bold  bis  own  against  a  score  of 
competitors,  who  by  hand  and  by  steam  are  putting  yearly  upon 
the  market  countless  instruments  of  every  conceivable  plan  and 
of  all  grades  of  excellence.  If  one  sought  for  objectives  of  the 
highest  character  he  must  perforce  seek  the  atelier  in  Boston  of 
one  who  then  stood  without  a  rival  on  the  American  continent. 
Though  his  work  is,  as  I  believe,  yet  to  be  surpassed,  one  may 
look  to-day  not  unprofitably  in  three  or  four  other  directions  to 
find  makers  of  thoroughly  excellent  objectives  ;  objectives,  if  you 
choose,  whose  available  angle  of  aperture  includes,  as  a  still 
skeptical  friend  of  mine  dryly  puts  it,  by  far  the  greater  portion  of 
a  circumference :  while  as  regards  low  powers  and  moderate 
angles,  the  market  now  abounds  with  excellent  American-made 
objectives. 

I  would  not  overlook  the  fact  that  there  were  other  makers  in 
this  country  at  that  time ;  men  who  made  excellent  stands,  and 
men  who  made  excellent  objectives ;  but  I  am  confident  that  I  do 
no  injustice  to  others  in  saying  that  the  two  whom  I  have  indi- 
cated were  the  only  ones  at  all  widely  known. 

The  increase  I  have  indicated  in  the  number  of  prominent 
makers,  is,  of  course,  directly  associated  with  an  increase  alike  in 
demand  and  in  production ;  but  who  can  realize  the  magnitude 
of  that  increase?  The  makers  of  that  day  counted  their  results  by 
dozens;  the 'yearly  aggregate  production  of  to-day  must  be  told 
by  thousands ;  and  it  can  then  hardly  keep  pace  with  the  demand, 
in  spite  of  the  large  additional  importation  of  English,  French 
and  German  instruments.  Competition  has,  as  usual,  been 
followed  by  the  two  substantial  benefits  of  improvement  in  quality 
and  reduction  in  price.  I  think  sometimes  almost  with  regret  of 
my  first  venture,  recalling  how  little  I  then  obtained  for  my  scant 
eighty  dollars,  and  seeing  how  much  that  is  really  excellent,  both 
mechanically  and  optically',  can  be  commanded  by  the  beginner  of 
to-day  for  the  same  or  even  a  smaller  sura.  At  that  time,  too, 
books,  appliances  of  eveiy  sort,  and,  most  valuable  of  all,  personal 
bints  and  suggestions  from  those  of  experience,  were  scarce  and 
bard  to  be  obtained.  To-day  few  communities  are  so  small  or  so 
remote  as  not  to  furnish  all  three  in  varying  quality* 

Such,  as  I  recall  them,  were  the  impressions  made  upon  a 
young  western  teacher,  himself  then  a  beginner  (and  even  now 
bat  little  more),  of  the  times  and  the  sessions  of  the  first  Sub- 
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Bection  of  fticroscopj  of  the  American  Association.  The  effort 
made  at  that  time  to  bring  together  the  workers  with  our  favorite 
instrument  was  renewed  from  year  to  year  at  succeeding  meet- 
ings, the  movement  gathering  strength  at  Troy,  at  Indianapolis, 
At  Dubuque,  at  Hartford,  at  Detroit,  at  Buffalo  (where  the  Sul>- 
section  acquired  the  dignity  of  a  permanent  organization),  and 
at  each  succeeding  meeting,  until  the  result  has  been  obtained 
which  we  witness  to-day. 

Wiiile  the  vastly  increased  interest  manifested  in  America 
to-day  in  tlie  microscope  and  its  use  must,  of  course,  be  chiefly  at- 
tributed to  that  phenomenal  movement  in  biological  science  which 
we  have  been  so  happy  as  to  witness,  and  from  which  we  have 
derived  so  many  and  so  varied  benefits,  I  think  I  may  justly 
claim  that  no  small  credit  should  be  given  to  the  3'early  meet- 
ings of  the  Subsection,  with  tlieir  usual  exhibitions  and  soirees, 
giving  to  the  people  of  the  various  communities  in  which  we 
have  met  notice  at  least  of  the  existence  of  such  a  thing  as  a 
microscope,  with  some  scant  glimpses  of  the  wonders  that  it  has 
to  show ;  awakening  here  and  there  an  interest  that  has  ended 
in  something  more  than  mere  curiosity-seeking  and  amusement ; 
drawing  together  and  uniting  those  of  a  common  interest:  to 
which  last  effect  may,  I  think,  be  at  least  indirectly  traced  a  re- 
sult whose  future  offers  great  promise  of  good,  the  organization 
of  the  young  and  vigorous  American  Society  of  Microscopists ;  an 
organization  in  whose  power  it  is  to  do  a  great  amount  of  excel- 
lent work  that  could  be  done  by  no  other  means  as  well.  The 
influence  exerteri  in  one  way  or  another  by  our  half  score  of  ses- 
sions would,  I  think,  if  it  could  all  be  measured,  far  exceed  in 
value  the  papers  that  have  been  read  at  them,  though  these  have 
been  neither  few  nor  unimportant. 

Such  has  been  our  prentice- work ;  we  stand  henceforth  among 
our  equals  as  a  Section.  It  would  be  pleasant  here  to  pass  from 
recollection  to  prediction,  and  to  spend  the  remainder  of  the  half- 
hour  in  the  discussion  of  great  possibilities ;  we  shall  do  otherwise, 
however,  if  we  give  heed  to  the  pithy  suggestion  contained  in  an 
ancient  but  excellent  volume  of  practical  philosophy  (with  which 
I  trust  that  most  of  you  are  familiar)  concerning  boasting  and  the 
putting  on  of  armor. 

And  this  the  more  wisely  because  another  topic  of  a  far  different 
nature  presents  itself,  and,  I  may  almost  say,  demands  attention. 
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Before  telling  what  we  intend  to  do,  we  are  in  a  certain  way 
called  upon  to  defend  our  right  to  be.  It  is  commonly  known,  I 
think,  that  not  only  in  the  Standing  Committee  of  last  year,  but 
also  throughout  the  membership  of  the  Association,  there  have 
been  felt  and  expressed  grave  doubts  not  only  of  the  necessity  but 
also  of  the  propriety  of  raising  the  Permanent  Subsection  of  Mi- 
croscopy to  any  higher  dignity :  while  the  extension  and  associa- 
ted limitation  of  its  province  which  the  new  name  of  the  Section 
connotes,  though  they  have  so  far  satisfied  these  objections  as  to 
lead  to  its  establishment,  have  called  forth  from  others  even  stronger 
criticism,  as  raising  to  the  rank  of  a  distinct  depaitment  of  science 
that  which  they  had  hitherto  regarded  as  holding  a  far  subordinate 
position.  Respect  for  the  candor  and  the  ability  of  our  critics,  as 
well  as  for  their  zeal  for  the  wise  ordering  of  the  affairs  of  the  As- 
sociation, would  of  itself  demand  that  these  objections  be  met  and 
answered.  I  shall  deal  with  them  to  the  best  of  my  ability ;  should 
my  arguments  fail  to  carry  conviction,  I  trust  that  the  weakness 
will  be  attributed  to  the  advocate  rather  than  to  the  cause. 

To  the  question  first  referred  to,  it  has  been  considered  a 
8ufi9cient  answer  to  urge  the  fact,  which  will,  I  think,  be  univer- 
sally conceded,  that  there  is  no  other  instrument  of  research  known 
to  scientific  men  that  has  attained  so  high  a  degree  of  development 
as  the  microscope ;  no  other  whose  parts  both  mechanical  and  op- 
tical have  been  the  subject  of  so  much  prolonged,  earnest,  and  fruit- 
ful discussion ;  none  which  has  so  many  and  so  varied  accessory 
appliances  pertaining  to  it,  in  relation  with  its  almost  endless  di- 
versity of  uses.  Furthermore,  this  high  degree  of  development 
calls  for  a  proportional  degree  of  training  in  the  worker.  There 
is  a  great  amount  of  study  of  the  instrument  itself  demanded  of 
him,  side  by  side  with  an  equally  great  amount  of  labor  that  may 
be  regarded  as  gymnastic  in  its  nature  (in  which  we  see  the  final 
cause  of  diatoms  for  all  but  cryptogamic  botanists,  and  of  ruled 
plates  for  all  mankind)  ;  while  the  various  processes  by  means  of 
which  objects  of  study  themselves  are  brought  into  a  suitable 
condition  for  examination  and  preservation  call  for  no  little  skill 
and  practice.  It  is  urged,  therefore,  in  view  of  the  peculiar  char- 
acter and  wide  applicability  of  the  instrument  in  question,  and  of 
the  extent  and  arduousness  of  the  discipline  that  its  skillful  use  re- 
quires, that  they  who  have  in  greater  or  less  measure  acquired  this 
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discipline  are  by  virtae  of  that  fact  drawn  together,  forming  a  body 
of  sufficient  coherency  to  be  entitled  to  independent  standing  as  a 
Section  of  this  Association. 

I  have  endeavored  to  state  the  argument  in  favor  of  a  Section  of 
Microscopy  briefly  but  fairly.  Love  of  justice  makes  me  anxious 
not  to  understate  it,  for,  as  many  of  you  are  well  aware,  I  am  one 
of  those  who  have  questioned  strongly  the  propriety  and  wisdom 
of  organizing  such  a  Section  ;  and  I  must  confess  that  after  an  hon- 
est endeavor  to  put  the  case  as  strongly  as  possible  in  my  own 
mind  for  those  who  think  otiierwise,  and  to  convince  myself  of  the 
truth,  whatever  it  may  be,  I  am  still  of  the  same  opinion. 

For  I  dp  not  see  what  more  we  can  say  of  Microscopy  than  that 
it  is  a  technique  ;  so  elaborate,  so  complex,  that  its  acquirement  in 
any  considerable  measure  is  in  itself  a  valuable  discipline,  but  a  tech- 
nique still.  No  one  feels  more  strongly  than  I  its  fascination ;  no 
one  is  more  alive  to  the  feeling  of  sympathy  that  unites  the  brother- 
hood of  the  tube.  I  have  as  lively  and  practical  faith  in  the  value 
of  societies  of  microscopists  and  in  Journals  of  microscopy,  as  I  have 
in  other  technical  societies  and  periodicals.  I  believe,  as  I  have 
already  said,  that  they  can  under  certain  circumstances  do  a 
work  for  science  tliat  can  be  done  in  no  other  way  as  well ;  but  I 
cannot  see  the  propriety,  in  an  Association  whose  aim  is  first,  last, 
and  always  the  advancement  of  science,  of  establishing  a  Section 
on  a  purely  technical  basis. 

Nor,  were  its  propriety  conceded,  would  it,  in  my  judgment,  he 
either  wise  or  expedient  to  do  so,  considering  either  the  efficiency 
or  the  stability  of  such  a  bod3\  The  almost  universal  applicability 
of  the  microscope  is  in  itself  a  bar  to  that  unity  of  purpose  which 
should  be  the  first  characteristic  of  a  working  organization.  I 
can  perhaps  illustrate  this  to  advantage  by  referring  to  another  in- 
strument of  research  which  has  attained  in  its  various  forms  and 
uses  a  very  high  degree  of  development,  and  whose  use  calls  for  no 
small  amount  of  training  and  experience :  I  refer  to  the  polariscope. 
Were  we  to  gather  into  one  body  all  the  chemists,  physicists,  min- 
eralogists, and  biologists  who  make  more  or  less  extensive  use  of 
this  instrument  in  scientific  investigation  (to  say  nothing  of  the 
various  groups  of  those  who  apply  it  extensively  to  the  affairs  of 
every-day  life)  we  might  make  a  Section  of  Polariscopists ;  but  it 
would  soon  unmake  itself. 
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I  know  that  this  will  be  regarded  by  some  as  a  false  analogy ; 
and  that  appeal  will  be  made  to  the  prevalent  idea — far  too  prev- 
alent in  my  judgment,  since  it  is  largely  responsible  for  that  diffu- 
sion of  energy  whose  practical  exponent  is  the  fact  that  the  num- 
ber of  microscopes  sold  yearly  in  this  country  is  in  proportion  to 
the  number  of  valuable  original  contributions  on  microscopic  sub- 
jecfe  annually  produced  as  over  fifty  to  one — that  the  expert  mi- 
croscopist  is  he  who,  having  a  good  stand  and  a  number  of  good 
objectives  which  he  can  handle  dexterously,  has  also  a  large  cabinet 
of  objects,  mostly  of  his  own  preparation,  illustrating  as  many  of 
the  yarious  applications  of  his  instrument  as  possible ;  one  who,  not 
specially  a  botanist,  is  at  home  with  diatoms  and  algce ;  not  calling 
himself  a  zoologist,  has  a  certain  familiarity  with  infusoria,  ento- 
mostraca  and  rotifera ;  not  claiming  to  be  an  histologist,  has  cut  and 
stained  numerous  sections  of  both  plants  and  animals ;  neither  a 
geologist  nor  a  mineralogist,  has  ground,  polished  and  mounted 
many  sections  of  rocks  and  corals ;  not  a  chemist, —  but  why  extend 
the  category?  one,  in  fine,  who,  in  accordance  with  a  tradition 
whose  history  would  be  full  of  interest  had  we  but  time  to  trace  it,  has 
acquired  skill  enough  and  expended  brains  and  labor  enough  in  a 
dozen  fields  to  have  made  himself  a  master  workman  in  any  one  of 
them.  I  confess  that  I  cannot  but  regard  this  idea  as  an  idol  of 
the  tribe  :  to  my  mind  the  skillful  microscopist  is  he  whose  hand 
has  learned  all  necessary  manipulations,  whose  eye  has  been  ti*ained 
to  nice  and  quick  distinctions,  and  whose  judgment,  resting  on  ac* 
cumulated  experiences,  can  interpret  rightly  the  appearances  pre- 
sented to  hid  eye :  and  he  is  most  successful  who  having  chosen  a 
definite  field  of  labor  has  worked  most  diligently  therein  to  increase 
his  own  or  the  world's  stock  of  knowledge. 

I  would  not  be  unmindful  of  the  fact  that  there  are  those  who, 
working  with  the  microscope,  have  entered  many  fields,  and  gleaned, 
nay,  reaped  richly  in  them  all ;  but  they  are  few :  neither  would  I 
pass  unkindly  criticism  on  those  who  using  the  microscope  avow- 
edly only  as  a  recreation-  find  pleasure  and  substantial  profit  in 
passing  from  time  to  time  to  fresh  fields  and  pastures  new ;  I  take 
it,  however,  that  the  Sections  of  this  Association  ai*e  organized 
primarily,  if  not  solely,  with  the  view  of  bringing  together  most 
closely  those  whose  labors  have  most  in  common ;  and  however  it 
may  be  with  objectives,  we  may  be  sure  that  for  Sections  of  this 
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Association  not  only  penetration  bat  definition  also  is  in  inrerse 
ratio  to  angular  aperture. 

It  was  therefore  the  Judgment  of  the  Standing  Committee  (and 
this  Judgment  was  ratified  by  the  vote  of  the  Association  at  Large) 
that  this  Section  should  be  established  not  purely  nor  indeed 
chiefly  for  that  technique  which  the  word  Microscopy  implies; 
neither  should  that  name  stand  as  the  label  for  a  receptacle  for 
communications  having  only  this  in  common  that  the  objects  of 
investigation  are  too  minute  or  of  too  fine  a  structure  to  be  ex- 
amined by  the  naked  eye.  They  have,  instead,  established  a  Section 
devoted  to  that  department  of  science  whose  investigations  most 
be  wholly  carried  on  by  the  aid  of  the  microscope,  and  to  the 
technique  of  the  instrument  as  auxiliary  to  it.  As  in  the  Section 
of  Chemistry  papers  discussing  appliances  and  methods  whereby 
a  more  accurate  analysis  or  a  more  complex  synthesis  may  be 
obtained  find  place  and  welcome,  or  in  the  Section  of  Physics 
discussions  of  means  as  well  as  of  results  of  investigation  are 
gladly  received,  so  here  the  |7resentation  and  description  of  new 
apparatus,  the  discussion  of  new  methods  of  preparation,  of 
manipulation,  or  of  demonstration  find  appropriate  and  ready 
audience ;  but  I  present  as  my  opinion,  which  I  hope  will  find 
echo  in  your  Judgment,  that  papera  on  subjects  pertaining  to 
micro-chemistry  (if  there  be  such  a  thing  as  micro-chemistry) 
will  best  be  read  to  chemists :  that  papers  in  what  are  termed 
micro-geology  and  mici*o-petrograpby  will  find  readiest  and  most 
appreciative  listeners  in  the  Section  of  Geology.  I  would  even 
suggest  that  a  paper  on  the  entomostraca  or  the  rotifera,  partic- 
ularly if  it  deals  with  the  morphology  or  the  systematic  position 
of  the  form  or  group  in  question,  will  find  its  normal  auditors  among 
the  zoologists  in  the  Section  of  Biology. 

What  then  remains  to  us?  I  have  spoken  of  that  department 
of  science  whose  investigations  must  in  the  nature  of  things  be 
caiTied  on  wholly  by  the  microscope,  as  being  designated  by  the 
organic  name  of  the  Sectioaas  its  particular  field  of  labor.  I  say, 
that  department  of  science ;  knowing  that  the  expression  must  call 
forth  that  adverse  criticism  to  which  I  have  alluded  and  to  which 
I  must  now  address  myself.  It  has  been  urged  that  Histolc^  is 
in  substance  but  a  finer  Anatomy ;  a  dissection  made  with  the  eye 
where  the  scalpel  cannot  go ;  at  best  no  better  than  the  handmaid 
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of  Pbysioiogy  :  and  that  to  dignify  it  with  the  rank  of  a  distinct 
department  of  science  is  to  give  to  the  «ervant  the  honors  due  to 
the  mistress. 

This,  I  acknowledge,  is  the  traditional  view :  and  this,  unfortu- 
nately, describes  only  too  well  the  Histology  that  is  too  often 
studied  and  too  often  taught  to-day  :  but  I  am  persuaded  that  the 
beginnings  have  already  been  made  of  a  newer  and  a  greater  His- 
tology than  this :  the  leaven  that  has  leavened  the  whole  lump  of 
biology  in  the  last  quarter  century  is  working  here  as  elsewhere ; 
and  the  resulting  recombination  of  ideas  has  given  us  a  concep- 
tion of  the  significance  of  the  phenomena  of  cell-life  of  which  a 
previous  generation  hardly  dreamed. 

As  a  rich  and  fertile  soil  whose  3'early  harvests  pay  abundant 
rental  for  its  tillage  may  long  overlay  unsuspected  mineral  wealth 
of  far  greater  value,  so  it  often  happens  that  a  discovery  that 
proves  itself  at  once  of  great  practical  importance  may  remain  for 
a  long  time  with  its  philosophical  significance  unrecognized.  The 
results  of  that  enquiiy  into  the  structure  of  the  organs  of  living 
beings  which  the  immortal  discoveries  and  inventions  of  Lister 
and  his  contemporaries  first  made  possible  were  found  to  have  so 
much  practical  value  to  the  physiologist  that  they  were  at  once 
appropriated  to  his  use.  This  anal3'sis  did  not  at  first  go  beyond 
an  idea  of  fibres,  cells  and  membranes ;  it  did  not  seek  and  only 
vaguely  dreamed  of  any  kinship  between  them;  later,  when  their 
essential  affinity  was  at  first  surmised  and  then  demonstrated,  the 
fact  was,  save  by  a  few,  regarded  as  of  secondary  importance  to 
what  had  now  come  to  be  commonly  known  as  Physiological 
Anatomy. 

To-day,  however,  the  situation  is  changing  rapidly.  The  con- 
ception long  since  advanced  by  one  of  the  greatest  of  living  think- 
ers that  the  continuous  processes  of  adjustment  of  relation  which 
make  np  all  we  know  of  life  are  the  resultant  or  algebraic  sum  of 
the  activities  of  the  structural  elements  which  make  up  the  living 
being,  and  that  organs  and  organism  alike  must  be  regarded  as 
the  consequence  of  the  integration  of  countless  cells  or  nucleated 
corpuscles,  is  yearly  gaining  wider  acceptance.  Some  one  has  said 
that  the  doctrine  of  the  survival  of  the  fittest  is  the  equator  of 
the  sphere  of  biolog}'' :  may  I  express  the  opinion  that  the  concep- 
tion to  which  I  have  referred  will  one  day  be  for  physiologists  at 
least  its  prime  meridian?  However  this  may  be,  this  conception. 
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it  will  be  readily  admitted,  has  greatly  enhanced  the  significance 
and  the  dignity  of  the  study  of  cell-life. 

There  is  another  and  even  more  important  relation  of  Histology 
to  Biology  that  is  very  apt  to  be  overlooked  by  those  that  regard 
it  as  adequately  described  by  the  name  of  Physiological  Anatomy. 
I  refer  to  its  relation  to  morphology,  and  its  bearing  on  questions 
of  affinity  and  classification.  Were  it  proposed  to  establish  in 
this  Association  a  Section  for  Comparative  Anatomy,  or  for  Com- 
parative Embryology,  no  one,  I  am  sure,  would  for  a  moment 
question  the  propriety  of  such  action  in  either  case :  I  think  I  am 
warranted  in  the  assertion  that  Comparative  Histology  stands  to- 
day where  the  former  did  at  the  beginning  and  the  latter  at  tlie 
middle  of  the  present  century,  and  in  the  opinion  that  the  day  is 
not  far  distant  when  its  indications  will  be  as  confidentl}'^  received 
and  as  diligently  heeded  as  those  of  either  of  its  allies.  From  a 
number  of  illustrations  that  occur  to  me  I  will  take  time  to  men- 
tion but  two.  You  arc  all,  doubtless,  familiar  with  the  homologies 
that  were  once  regarded  as  established  between  the  Trematoda 
and  the  Cestoda :  you  are  equally  well  aware  of  the  doubts  that 
have  been  thrown  upon  them  in  later  da}  s  by  the  failure  to  dis- 
cover associated  embryological  resemblances:  in  my  judgment 
these  doubts  will  disappear  in  the  mind  of  any  one  who  wiU 
carefully  study  the  histology  of  a  tape-worm  and  of  a  flnke. 
As  a  representative  of  morphological  problems  requiring  to  the 
full  as  much  aid  from  Histology  as  from  Anatomy  or  Embryology, 
I  would  suggest  the  great  one  yet  unsolved  presented  by  the  ner- 
vous axis  of  vertebrates ;  I  am  convinced  that  we  shall  wait  for 
a  clear  and  accurate  conception  of  the  morphology  of  the  brain^ 
and  of  the  homologies  existing  between  the  various  parts  (our 
present  ignorance  of  which  we  ha\'e  buried  beneath  a  mountain 
of  terminology)  of  the  widely  differing  brains  of  mammals, 
sauropsidians,  amphibians,  selachians,  teliosts  and  marsipobranchs, 
until,  beginning  at  the  bottom  of  the  series  and  ascending  along 
diverging  lines,  we  have  worked  out  by  histological  methods  the 
structure,  development,  position  and  connections,  both  primary 
and  adapted, 'of  every  mass  of  gray  matter  in  that  galaxy  of 
puzzles. 

The  claim  of  Histology  to  rank  as  a  distinct  department  of  sci- 
ence might  w^ell  be  allowed  to  rest  upon  the  amount  and  the  na- 
ture of  its  increased  importance,  both  physiological  and  raorpho- 
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logical,  that  I  have  indicated :  there  is  another  consideration  in 
its  favor,  however,  that  I  regard  as  far  weightier.  I  have  hitherto 
spoken  of  tissues  and  their  activities  as  related  to  the  functions 
and  the  structure  of  organs  and  organisms.  I  would  now  call 
jour  attention  to  the  value  of  the  study  of  cell-life  considered  in 
itself.  We  have  most  of  us  had  our  eyes  opened  for  some  time  to 
the  magnitude  and  the  significance  of  the  straggle  for  existence 
that  goes  on  at  all  times  between  organisms ;  it  is  only  recently, 
however,  that  our  attention  has  been  definitely  called  to  the  strug- 
gle of  parts  within  the  organism,  and  to  the  probable  truth  that 
every  organ  is  where  it  is  and  what  it  is  through  a  long  series  of 
adaptations  to  its  environment.  And  this  analysis  must  be  car- 
ried still  farther :  for  as  the  body  is  built  up  of  its  organs,  so,  as 
I  have  already  said,  is  each  organ  the  result  of  the  integration  of 
its  cellular  elements.  The  gi*eat  law  of  biology  that  gives  order 
and  system  elsewhere  leaves  no  chaos  here ;  and  our  Histology  is 
not  complete  until  every  tissue  and  eveiy  cell  has  been  studied  in 
its  light. 

Here,  then,  is  our  province.  Is  it  not  ample  enough?  It  em- 
braces the  study  of  cell-life,  in  all  its  bearings,  in  plant  and  ani- 
mal alike.  Since  sound  fundamental  ideas  of  the  laws  which  gov- 
ern cell-life  can  only  be  obtained  by  prolonged  and  careful  study 
of  those  plants  and  animals  which  consist  but  of  single  cells,  or  of 
ondifierentiated  social  aggregates  of  cells,  I  claim  for  hearing  here 
all  papers  relating  to  the  Protozoa  and  the  Frotophyta,  including 
particularly  the  ferment-organisms  on  account  of  their  frequent 
pathogenetic  function.  Before  us  come,  of  course,  all  papers 
dealing  with  cell-life  in  the  higher  organisms;  papers  alike  upon 
the  morphology  of  cells  and  on  higher  morphological  questions 
treated  by  histological  method  ;  papers  alike  on  the  development 
of  cells  and  on  the  structure  and  significance  of  embryonic  layers 
and  tissues.  The  newer  Histology  is  still  the  helpmeet  if  not 
the  servant  of  Physiology ;  while  large  place  will  be  given  here 
to  questions  of  cellular  teratology — for  what  is  Pathological 
Histology  other  than  this?  Lastly,  but  not  leastly,  we  shall  wel- 
come here  all  papers  and  discussions  calculated  to  help  us  either 
to  better  microscopes,  or  to  a  wiser  use  of  those  that  we  now  have. 

I  have  felt,  for  special  reasons,  that  it  was  particularly  incum- 
bent upon  me  before  presiding  o\*er  the  first  session  of  the  Sec- 
tion of  Histology  and  Microscopy,  to  present  to  you  my  interpr^ 
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tation  of  the  organization  of  the  Section,  and  my  idea  of  its  fo- 
tare  policy.  Since  this  meeting  has  it  in  its  power  to  do  much  to 
determine  the  future  line  of  action  of  the  Section,  I  trust  that  we 
shall  all  agree  upon  the  one  here  presented  or  a  better.  Should 
your  judgment  approve  of  the  view  that  I  have  taken,  I  am  con- 
fident that  you  will  join  me  in  a  modest  expression  of  the  desire 
that  as  in  the  past  the  Subsection  of  Microscopy  did  muck  to 
cultivate  a  widespread  popular  interest  in  the  microscope,  so  in 
the  future  the  influence  of  this  Section  may  do  much  to  concentrate 
and  economize  the  energies  of  microscopist.8,  and  of  the  hope  that 
as  the  parent  Association  represents  the  aggregate  of  American 
scientific  research,  so  our  little  body  may  one  day  come  to  be  the 
representative  of  all  who  labor  with  us  in  our  chosen  field. 


PAPERS    READ. 


Plant-"  cells  '*  and  Livino  Matter-^    By  Louis  Elsbbbo,  of 
New  York,  N.  Y. 

[ABSTRACT.] 

This  paper,  illustrated  by  carefully  prepared  drawings,  records 
the  discovery  of  perforations  in  the  cellulose  walls  of  plant-cells 
giving  passage  to  protoplasmic  offshoots  from  the  interior  and 
demonstrates  how  in  a  plant,  as  in  an  animal,  the  living  matter 
throughout  is  uninterruptedly  connected. 


Tab  third  coepusoulab  element  in  the  blood.    By  W.  Osleb, 
of  Montreal,  Canada. 

[ABSTHAOT.] 

Bt  the  third  corpuscular  element  in  the  blood  I  mean  certain 
small  colorless  discoid  bodies  |-^  the  size  of  red  blood  corpus- 
cle, quite  common  in  the  blood  of  mammals  and  about  which  much^< 
discussion  is  at  present  taking  place.    They  circulate  free  in  the^, 
blood  with  the  other  corpuscles,  but  in  the  ^withdrawn  fluid  tend^ 
to  adhere  together  forming  irregular  clumps  or  collections.    They 
correspond  to  Zimmerman's  '^  elementary  corpuscles,"  to  the  in- 
dividual elements  of  Schultze's  granule  masses,  to  the  Uaemato- 
blasts  of  Hay  em  and  to  the  ''  Blutplatchen  "  of  Bizzozero.    Scanty 
in  the  blood  of  healthy  adults,  they  abound  in  the  blood  of  the 
young  and  in  that  of  individuals  in  an  ansemic  or  cachectic  condi- 
tion.    The  most  suitable  object  for  their  study  is  the  blood  of 
the  yoang  rat,  in  the  vessels  of  which  they  can  be  seen  as  isolated 
corpuscles. 

1  PublUbed  in  Uie  Quarterly  Journal  of  Mioroscoplcal  Science,  London,  January, 
lies,  p.  87. 

(Ml) 
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The  paper  considered,  first,  the  possible  connection  which 
these  bodies  have  with  the  development  of  the  blood ;  and  second, 
their  influence  in  determining  the  formation  of  fibrin. 


The  Development  of  Blood  Corpuscles  in  the  Bone-xarbow. 
By  W.  OsLER,  of  Montreal,  Canada. 

[▲B8TBACT.] 

A  BRIEF  resum^  was  given  of  the  views  current  regai*ding  the 
development  of  blood  corpuscles.  ♦ 

The  red  marrow  always  contains  a  form  of  corpuscle,  thought 
at  one  time  to  be  peculiar  in  the  mammal  to  the  blood  of  the  em- 
bryo, viz.,  the  nucleated  red  cell.  This  is  an  intermediate  stage 
between  certain  of  the  colorless  marrow  cells  and  the  ordinary 
red  corpuscles.  The  stages  as  traced  by  the  author  are  (1)  the 
colorless  marrow  cell  becomes  less  granular,  the  protoplasm 
gets  more  homogeneous,  (2),  it  becomes  gradually  tinged  with 
haemoglobin,  the  tint  becoming  progressively  deeper  until  it  may 
attain  that  of  the  ordinary  corpuscle.  The  nucleus  remains  un- 
affected. In  this  form  they  constitute  the  well  known  nucleated 
red  corpuscles.  (3)  The  nucleus  or  nuclei  gradually  disappear, 
often  first  breaking  up  into  smaller  portions  and  the  entire  proto- 
plasm of  the  cells  is  uniform  and  undifferentiated. 

These  observations  of  the  mode  of  production  of  the  red  non- 
nucleated  cell  in  the  marrow  accord  in  the  main  with  those  of 
Neumann.  The  view  expressed  by  some  authors  (Rindfleisch 
et  al.)  that  the  nucleus  migrates  from  the  cell  is  believed  to  be 
incorrect.  The  appearances  on  which  it  is  based  are  known  to 
the  author,  but  they  are  believed  to  be  the  result  of  physical 
changes. 


Note  on  the  Microottes  in  the  Blood  and  their  Probable 
Origin.    By  W.  Osler,  of  Montreal,  Canada. 

[ABSTRACT.] 

MiCROCYTES   are  exceedingly  tiny  red  blood  corpuscles  -^xjW 
to  ^<,7r  of  an  inch  in  diameter  which  are  met  with  (1)  in  the  blood 
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of  embryos  and  of  the  new-born.  (2)  Occasionally,  and  in 
small  numbers,  in  the  blood  of  healthy  individuals.  (3)  In  cer- 
tain diseases,  particularly  the  severer  forms  of  ansemia  and  (4) 
after  severe  hemorrhages. 

No  satisfactory  explanation  has  been  given  of  their  origin. 
The  author  has,  in  the  spleen  tissue  and  in  the  bone  marrow,  seen 
their  production  by  a  sort  of  budding  from  the  ordinary  red  blood 
corpuscles.  In  the  conditions  above  mentioned,  particularly  after 
hemorrhages  and  in  profound  anaemia  the  red  corpuscles  often 
preseut  great  irregularities  in  outline  and  projections  (Porkilocy- 
tosis  of  Quincke).  In  fresh  specimens  of  spleen  and  bone 
marrow  the  author  has  seen  these  little  projections  become  detached 
from  bloo<l  cells — moving  about  in  the  cuiTents  in  the  slide  — 
and  when  so  detached  they  presented  all  the  characters  and  appear- 
ances of  tlie  mierocytes  in  the  same  field. 


Ths  Histologt  of  Uterine  Fibroid  Tumors.  Illustrated  bt  a 
Series  of  Micro-photographs.  By  Henrt  O.  Marct, 
of  Boston,  Mass. 

[ABSTRACT.] 

The  histological  elements  of  the  uterine  fibroid  tumor  have  usu- 
ally been  considered  to  consist  either  in  very  lai'ge  share  of  con- 
nective tissue,  or  of  a  blending  of  connective  tissue  with  muscular 
fibres ;  t.  €.,  a  fibrous  or  a  fibromyomatous  growth.  The  objects 
of  the  investigations,  of  which  the  micro-photographs  are  shown  in 
illustration,  have  been  to  determine  more  thoroughly  not  only 
the  composition  of  these  growths,  but  also  their  relations  to  the 
surrounding  uterine  tissue.  It  is  scarcely  pertinent  to  the  objects 
of  this  meeting  to  enter  into  a  detailed  discussion  of  the  patho- 
logical changes  which  ensue,  but  the  subject  is  rather  intro- 
duced to  show  the  advantages  of  micro-photograph}''  and  its  easy 
reproduction  by  the  heliotype  and  other  similar  processes.  Its 
great  value  in  histological  and  pathological  teaching  is  undoubted. 

The  sections  were  made  by  the  use  of  Dr.  Hailes'  freezing  mi- 
crotome and  in  their  preparation  and  mounting,  as  well  as  photo- 
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graphing,  I  am  largely  indebted  to  the  valuable  assistance  of  Dr. 
Alfred  F.  Holt,  of  Cambridge. 

•  The  photographic  work  was  done  in  the  studio  of  Mr.  Black,  of 
Boston,  an  expert  in  this  direction  well  known  to  America,  and  in 
mj  judgment  challenges  favorable  comparison  with  even  the  justly 
celebrated  work  of  Dr.  J.  J.  Woodward  of  Washington, 

The  conclusions  reached,  as  the  results  of  these  observations, 
are  briefly  :  that  the  origin  of  these  growths  is  not  in  reproiluction 
of  connective  tissue  cells,  having  as  a  point  of  departure  a  vessel 
or  a  nerve,  but  that  it  consists  of  an  extraordinary  development 
of  true  muscular  fibres  of  the  uterus,  usually  arising  from  several 
centres,  resulting  in  a  multi-lobular  growth,  and  may  consist  of 
one  or  more  independent  tumors. 

In  their  development,  these  fibres  are  more  or  less  altered  in 
character  by  compression,  and  when  of  considerable  size,  by  lack 
of  nutrition.  The  connective  tissue  stroma  is  not  usually  in- 
creased, but  is  often  less  than  that  of  normal  uterine  tissue.  The 
tumors  are  rarely  supplied  with  vessels  of  any  considerable  size 
but  depend  for  their  nutrition  in  large  share  upon  the  blood  supply 
of  the  network  of  surrounding  vessels  which  is  usually  exception- 
ally developed  and  the  vessels  are  often  ectasic  in  character. 

The  capsule  is  composed  of  the  muscular  fibres  of  the  surround- 
ing uterine  wall,  its  cells  greatly  altered  by  continuous  tension  and 
compression,  and  is  not  in  any  degree  a  proliferation  of  connec- 
tive tissue. 

Around  the  tumor  there  are  usually  several  of  these  capsular 

layers  which  may  be  peeled  or  stripped  off.  They  are  so  changed 
in  their  character  that  it  is  not  remarkable  they  have  been  con- 
sidered as  made  up  from  connective  tissue. 

On  the  contrary  the  tumor  attachment  to  these  layers,  and 
to  the  more  dense  uterine  structure,  is  very  slight  and  is  composed 
of  delicate  bands  of  connective  tissue.  The  histogenesis  of  the 
myomatous  tumor  and  especially  of  its  relations  to  the  unchanged 
surrounding  uterine  structures,  in  its  surgical  bearing,  is  of  the 
first  importance. 
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Some  Veobtable  Poisons.    By  J.  T.  Burrill,  of  Champaign,  111. 

[ABSTRACT.] 

During  several  years  I  have  occasional!}'  noticed  within  the 
closed  cells  of  apparently  healthy  plants  of  divers  kinds,  numerous 
actively  moving  particles  which  in  form  and  motion  were  indistin- 
gaishahle  from  some  kinds  of  lower  organisms  we  call  bacteria. 

Knowing  that  such  cells  have  for  their  exterior  a  cellulose 
membrane  in  which  tliere  are  absolutely  no  iraperforations  large 
enough  to  be  discovered  by  the  best  and  highest  powers  of  our 
modem  microscopes,  the  idea  of  living  organisms  gaining  entrance 
to  the  cell  and  dwelling  imprisoned  there  was  further  stifled  under 
a  presumed  impossibility.  This  also  must  have  been  the  case  with 
many  other  botanists  and  microscopists,  for  the  phenomenon  is  by 
DO  means  rare,  yet  unrecorded  so  far  as  I  know. 

But  the  evidence  is  too  strong  to  admit  of  further  doubt  that 
bacteria  of  several  kinds  do  inhabit  the  cells  of  apparently  healthy 
plants. 

Some  of  the  best  instances  observed  bj'  myself  have  been  in 
the  cells  of  certain  mould  fungi  and  especially  in  the  fertile  threads 
of  Ascopliora  inucedo^  a  common  black  mould  on  damp  bread, 
decaying  fruits,  etc.  In  the  higher  plants  the  most  satisfactory 
cases  have  been  in  the  cells  of  hairs  through  whose  transparent 
walls  everything  within  can  be  easilj*  seen  ;  but  sections  of  tissues 
frequently  give  evidence  of  the  same  thing  in  the  deeper  laj^ers. 

These  things,  however,  did  not  attract  any  considerable  attention 
nntil  it  became  manifest  to  me  through  a  series  of  investigations, 
that  bacteria  cause  disease  in  plants,  especially  such  as  we  call 
*'  blight"  in  the  pear  tree,  apple  tree,  etc.  The  older  observations 
were  then  recalled,  and  upon  further  study,  satisfactory  evidence 
of  the  existence  in  plant  cells  of  veritable  living  organisms, 
cap.able  of  propagation  outside  of  the  tissues  was  gained. 

Surprising  as  these  results  are,  they  may  not  be  more  so  than 
the  known  fact  that  bacteria  occur  in  and  on  the  bodies  of  healthy 
animals.  In  human  beings  the}'  are  found  in  the  scurfy  skin  of 
the  scalp,  in  the  perspiration  from  the  face,  and  especially  in  the 
epidermal  exudations  from  portions  of  the  body  covered  with 
clothing,  in  the  mouth,  the  stomach  and  the  intestinal  tube,  and 
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sometimes  iu  the  blood.  Some  of  these  may  perform  important 
physiological  functions  and  therefore  may  be  essential  to  our  well- 
being,  while  it  is  positively  known  that  some  speciGc  kinds  are  our 
mortal  enemies,  constituting  the  active  principle  of  pestilence  and 
contagion. 

Another  circumstance  called  still  further  attention  to  the  living 
organisms  in  plants.  A  lady  was  severely  poisoned  with  Wius 
toxicodendron.  The  exuding  serum  from  the  inflamed  part,  and 
the  leucocytes  from  the  miliary  vesicles,  were  found  to  contain 
swarms  of  bacteria  of  the  genus  Miccococci  as  defined  by  Cohn. 
It  was  demonstrated  that  these  organisms  transferred  from  the 
inflamed  to  healthy  parts  of  the  body  communicated  the  severe 
malady,  that  they  rapidly  increased  in  numbers  and  were  a  true 
contagium  vivum. 

Search  was  now  made  and  similar  organisms  found  in  washings 
of  fresh  leaves  and  in  the  juices  of  the  poisonous  plant.  To 
rigidly  test  the  matter,  a  little  of  the  milk  sap  was  secui'ed  free 
from  anj'thing  not  contained  in  itself  and  diluted  with  distilled 
water  to  such  an  extent  that  the  fluid  had  a  slight  milky  appearance, 
yet  was  nearly  transparent.  A  minute  drop  of  this  was  placed  on 
my  own  arm  after  marking  the  spot  by  clipping  the  hairs  thereon. 
The  strongest  chemical  caustic  known  would  not  thus  cause  any 
serious  lesion  of  the  skin,  diluted  as  it  was  a  hundred  fold.  No 
sensation  was  produced  at  the  time,  neither  was  there  any  marked 
indication  of  effect  during  ten  hours  following.  But  on  awaking 
the  next  morning,  eighteen  hours  after  the  application,  the  spot 
was  evident  from  its  redness,  and  there  was  a  slight  sensation  of 
heat  in  the  part.  These  symptoms  rapidly  increased,  becoming 
strongly  marked  b}'  the  twentj'-fourth  hour,  and  at  the  forty-eighth 
my  arm  was  mucli  inflamed  and  considerably  swollen.  There  was 
intense  itching;  the  inflamed  area  increased  until  by  the  sixth  day 
my  whole  arm  was  involved.  After  about  ten  days  the  malady 
had  evidently  run  its  course  and  gradually  abated.  The  microscope 
showed  the  characteristic  bacteria;  these  were  again  proved  to 
transmit  the  trouble  to  a  healthy  part  of  the  skin  and  there 
increase  as  before.  Indeed  nearly  my  whole  body  became  more  or 
less  affected  and  the  diflSculty  became  chronic  in  ceitain  places,  last- 
ing for  months  though  less  severe  than  the  original  inflammation. 

There  is  positive  proof  that  individuals  are  sometimes  poisoned 
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by  simply  approaching,  without  touching,  this  plant  as  well  as 
some  of  its  congeners.  Here  again,  the  only  explanation  is  that 
the  minute  quantity  of  the  ix)ison  received  is  capable  of  increase 
by  growth.  Having  seen  b}'  the  aid  of  the  microscope  a  something 
from  the  plant,  and  also  in  the  inflamed  tissues,  which  does  thas 
increase  and  which  being  placed  on  a  healthy  part  reproduces 
itself  and  the  disease,  we  conclude  this  something  is  the  vera  causa 
of  the  infection. 

When  the  living  organisms  have  gained  access  to  the  deeper 
layers  of  the  skin,  it  is  difficult  to  reach  them  by  medicinal  appli- 
cations ;  but  in  other  cases,  any  antiseptic  substance  tried  proved 
quite  efficacious.  If  a  little  diluted  carbolic  acid  is  applied  to  the 
skin  soon  after  the  [)oisonous  juice  has  been  ex|)erimented  with, 
no  evil  consequences  follow.  Quinine  seems  to  be  an  excellent 
remedy. 

The  organism  is  spherical,  usually  single,  but  often  seen  in  twos, 
seldom  in  strings  of  four  or  more,  about  ^  /jl  (.00002  inch)  in 
diameter. 

The  above,  though  the  best  and  clearest,  case  of  plant  poisons 
being  due  to  bacteria  is  not  the  only  one.  There  can  scarcely  l^e 
a  doubt  but  that  the  ill  effects  of  numei'ous  s[)ecies  of  different 
orders  ami  classes  are  proiluced  in  the  same  way.  I  will  mention 
only  the  poisonous  fungi  sometimes  unwittingl}*  used  for  food. 

There  are  two  pretty  well  marked  modes  of  mischievous  action 
from  tlie  use  of  such  plants,  operating  either  singlj'  or  combined. 
In  one  case  the  bad  results  are  soon  made  known  by  pain  and 
vomiting,  in  the  other  the  unfortunate  victim  perceives  nothing 
wrong  for  six,  ten  or  moixi  hours  after  eating  the  poisonous  food. 
The  first  has  been  ascribed  to  a  peculiar  acrid,  the  second  to  a 
narcotic  principle  in  the  mushrooms.  The  former,  though  violent, 
is  not  nearly  so  dangerous  as  the  slower  action  of  the  second. 
When  both  act  together,  or  rather  one  follows  the  other,  peril  is 
imminent. 

The  first  symptoms  of  the  latter  kin<l  are  usually-  a  heaviness  of 
the  head,  a  confusion  of  ideas,  an  inclination  to  stui>or  ;  these  arc 
succeeded  by  sickness  at  the  stomach,  vomiting  and  purging  and 
a  burning  thirst.  Convulsions  follow,  cold  perspiration  appears 
and  death  occurs  eitlier  in  the  agonies  of  pain  or  in  a  profound 
and  hopeless  stupor. 


518 


SOME   VEGETABLE   POISONS  ;    BT  J.   T.   BURRILL. 


Four  persons  died  in  tliis  way  in  Brazil,  Indiana,  in  October, 
1881,  from  fungi  cooked  and  eaten  at  noontime,  Oct.  16th.  Two 
died  in  the  afternoon  of  the  eighteenth  and  two  on  the  twenty- 
second.  The  last,  a  strong  man,  was  able  to  walk  about  thrroom 
until  a  few  hours  before  his  death.  Towards  the  last  there  was  no 
particular  pain  ;  but  decomposition  evidently  set  in  before  death. 

I  relate  these  terrible  accounts  to  show  what  effects  may  follow 
the  use  of  such  poisonous  plants  for  food,  yet  I  have  myself  eaten 
in  quantity,  and  have  known  man}'  others  to  eat,  of  the  very  same 
species  which  caused  these  deaths  in  Indiana.  The  plant  is  a  very 
large  parasol-like  fungus  sometimes  found  in  great  abundance  in 
pastures  and  meadows  {Lepiota  Morganii  Peck).  In  the  making  of 
catsup  it  is  well  known  that  all  sorts  of  mushrooms  are  collected 
and  used  for  the  purpose  without  ill  effects.  I  was  once  asked  to 
taste  of  some  supposed  mushrooms  which  had  been  put  into  strong 
vinegar  some  weeks  before  and  which,  thus  pickled,  had  been  eaten 
with  nothing  but  pleasant  remembrances  of  the  fine  flavor;  yet 
these  were  certainly  poisonous  species.  The  vinegar  had  also  been 
swallowed  without  injury,  showing  that  the  poison  was  not  simply 
extracted ;  was  it  not  killed  ?  Is  not  the  immunity  mentioned 
above  explained  better  by  the  cooking  than  by  anything  else? 
The  fungus  just  named  belongs  to  a  very  suspicious  group  and  it 
was  only  by  careful  experiment  that  I  came  to  eat  it  and  then  only 
after  thorough  cooking.  To  this  it  is  usual  to  answer  that  the 
poison  is  volatile  and  is  driven  off  by  heat ;  but  why  so  tardy  in 
its  action  followed  at  length  by  such  fearful  results?  That  living 
micro-organisms  exist  in  such  fungi  is  certain  ;  do  they  not  in 
some  instances  cause  the  mischievous  results?  The  bad  effects 
occurring  soon  after  swallowing  the  material  is  quite  surely  due  to 
a  poisonous  substance  and  it  is  still  doubtful  what  effect  cooking 
may  have  upon  this  ;  but  the  consequences  are  never  so  severe  as 
with  the  slower  acting  so-called  narcotic  effect. 

Upon  a  careful  perusal  of  the  exaggerated  injuries  ascribed  to 
the  famous  Upas  tree  there  does  not  seem  to  me  any  other  theo- 
retical interpretation  of  the  facts  so  suggestive  as  this  of  the 
action  of  living  organisms  tenanting  its  tissues. 
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Notes  on  some  of  the  Structural  and  Phtsiolooical  Pecu- 
liarities Incident  to  the  Diseases  of  Fruits.  By  D.  P. 
Penhallow,  of  Mountainville,  N.  Y. 

The  facts  contained  in  the  following  notes  have  been  obtained 
as  the  joint  results  of  investigations  conducted  on  the  one  hand 
by  Dr.  C.  A.  Goessman,  of  Amherst,  Mass.,  who  has  examined  the 
subject  from  a  strictly  chemical  standpoint ;  on  the  other  hand  by 
myself,  using  the  microscope  and  viewing  the  question  from  a 
botanical  standpoint.  My  object  in  presenting  these  notes  to  the 
Association  is  not  to  bring  forward  any  well  established  conclu- 
sions, b^jt  rather  to  offer  a  report  of  progress  upon  work  which 
demands  much  time  and  critical  examination  before  it  will  be  safe 
to  present  anything  more  definite. 

Our  work  has  been  largely  confined  to  studying  the  peculiarities 
of  peach  trees  afiected  with  the  yellows,  and  the  following  remarks 
will  bear  directly  upon  that  subject  alone. 

In  his  studies  upon  this  subjec't,  Dr.  Gocssmann  has  shown  from 
ash  analyses,  the  relative  importance  of  certain  mineral  constitu- 
ents in  the  vegetable  economy  and  the  relation  which  they  bear 
to  a  healthy  and  diseased  condition^  The  following  analyses, 
calculated  upon  a  basis  of  100  for  the  five  constituents  given,  will 
show  the  importance  of  the  relations  first  referred  to,  comparing 
the  fruit  and  branches  of  the  healthy,  with  those  of  the  diseased 

tre^. 

Fruit  of  Early  Crawford. 


HeaUhy. 

Diseased. 

Pel-  cent. 

Per  cent. 

Fenic  oxide 

0.58 

0.47 

Calciam  oxide 

8.64 

4.68 

Maguesinm  oxide 

6.29 

5.48 

Phosphoric  acid 

16.03 

18.07 

Potassium  oxide 

74.46 

71.30 

100.00 

100.00 

Branches  of  Early  Crawford. 

Healthy. 

Diseased. 

(Restored) 

Ferric  oxide 

0.63 

1.44 

Calcinm  oxide 

54.5-2 

64.28 

Magnesium  oxide 

7^ 

10.28 

Phosphoric  acid 

11.37 

8.37 

Potassium  oxide 

26.01 

15.68 

100.00  100.00 

*  Observations  Regarding  the  Yellows  of  the  Peach,  C.  A.  Goessmann,  Ph.  D.  Trans. 
goo.  for  Prom,  of  Agricultural  Science,  1882,  Montreal. 
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Fi*om  these  anah'ses,  the  relative  importance  of  calcium  and 
potasssium  oxide  is  shown  in  a  striking  manner ;  a  decrease  of  the 
former  in  healthy  structure  corresponding  very  closely  with  aa 
increase  in  the  latter. 

Our  studies  conducted  with  the  aid  of  the  microscope  hare 
served  to  throw  much  light  upon  this  subject ^  and  not  only  have 
they  conQrmed  the  deductions  from  a  chemical  standpoint,  but  they 
appear  to  be  in  accorti  with  the  earlier  investigations  of  Nobhc 
and  Schroeder  on  rye  and  bnckwheat,  during  which  they  demon- 
strated the  superior  value  of  chloride  of  ix>tassiuai  over  the 
sulphate,  as  establishing  in  the  plant  a  normal  distribution  of 
assimilated  material  to  the  growing  parts. 

Growing  upon  diseased  plants,  and  often  producing  by  their 
action,  some  of  the  more  conspicuous  features  of  the  disease,  are 
fungi  of  various  forms.  These,  however,  are  such  as  may  be 
generally  found  upon  decaying  organic  matter,  such  as  old  stumps, 
and  do  not  belong  to  that  class  of  fungi  generally  considered 
capable  of  immediately  producing  disorganization  inhighly  vitalized 
structures.  Moreover,  while  found  upon  the  outer  dead  bark, 
and,  under  favorable  conditions  in  the  interior  structure,  the  same 
forms  occur  on  both  the  diseased  and  healthy  trees  and  what  is 
more  striking,  they  also  are  to  be  found  upon  trees  which  once 
badly  diseased  arc  now  restored  to  a  condition  of  vigoroos  health. 
We  are  led  to  believe,  therefore,  that  while  these  pai^sitic  growths 
do  produce  certain  well  defined  effects  under  certain  conditions  of 
the  plant,  their  relation  to  disease  is  of  secondary  importance; 
we  must  seek  the  cause  of  disorder  in  conditions  of  soil  and 
food. 

An  examination  of  the  cellular  structure  and  cell  contents 
has  shown : — 

1 .  Healthy  wood  shows  comparatively  little  stored  starch  in  the 
bark. 

2.  Diseased  wood  shows  an  abnormally  small  development  of 
the  cells  and  the  invariable  presence  of  large  quantities  of  starch 
in  the  bark  and  pith. 

3.  There  is  little  or  no  difference  between  the  tissues  and  cell 
contents  before  and  after  the  leaves  fall. 

These  conclusions  appeared  justifiable  at  a. comparatively  eaily 
stage  of  our  inquir3'  and  have  been  abundantly  confirmed  by  sub- 
sequent examinations.  A  general  predominance  of  and  coitcs- 
pondeuce  between  calcium  oxalate  and  stored  starch  in  diseased 
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structures,  seems  to  offer  another  confirmation  of  the  chemical 
deductions  previou8l3'  referred  to. 

It  has  been  customary,  until  a  very  recent  date,  for  students 
to  approach  the  subject  of  diseases  of  plants  from  a  strictly  bo- 
tanical standix>int,  giving  little  or  no  weight  to  other  considera- 
tions.  The  old  view,  stoutly  maintained  by  some  even  at  the 
present  time,  that  these  diseases  originate  in  fungoid  growths, 
gave  rise  to  the  application  of  certain  remedial  measures,  the 
aim  of  which  was  to  arrest  disease  by  destroying  the  parasite. 
No  successful  case  of  such  treatment  has  3'et  been  recorded. 

The  new  method  while  recognizing  the  important  connection  of 
parasites  with  disease,  aims  first  to  promote  a  highly  vigorous 
condition  in  the  plant  and  thus  enable  it  to  throw  off  the 
unwelcome  guest.  Badly  diseased  trees,  treated  upon  this  princi- 
ple, have  been  restored  to  vigorous  health  and  for  the  past  two  or 
three  years  have  borne  fruit  commanding  the  best  market  prices. 

From  this  brief  statement  and  review  of  the  case,  it  will  be 
apparent  that  in  the  future,  we  must  not  depend  upon  either  the 
microscope  or  the  chemist  alone,  but  if  we  are  to  obtain  a  correct 
solution  of  these  difficult  and  most  important  questions,  we  must 
unite  by  rational  method  the  deductions  of  the  chemist  with  those 
drawn  from  microscopic  study  • 


A  KKW   FORM  OF   CONSTANT  PRESSURE   INJECTION  APPARATUS.      By 

William  Libbet,  jr.,  of  Princeton,  N.  J. 

In  studying  the  circulatory  S3'stem,  the  means  of  injection  are 
an  indispensable  aid.  This  operation  can  be  performed  in  several 
different  ways,  but  the  most  satisfactory  method  would  of  course 
be  that  which  would  in  the  simplest  manner  utilize  the  materials 
used  and  at  the  same  time  place  them  under  the  most  perfect 
control  of  the  operator. 

In  the  piece  of  apparatus  described  below,  the  wants  of  my^ 
laboratory  have  been  especially  consulted,  and  the  object  kept  in 
view  was  the  construction  of  a  machine  which  would  perform  the 
most  delicate  injections  in  a  satisfactory  manner.  In  a  sense,  it 
may  be  said  that  this  object  has  l^een  realized ;  but,  as  the  element 
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of  good  judgment  can  never  be  made  part  of  a  machine,  the  degree 
of  success  will  still  be  in  proportion  to  the  skill  in  manipulation. 
All  such  machines  must  have  a  certain  similarity  in  their  constnic- 
tion,  but  may  differ  essentially  in  the  arrangement  of  their  several 
parts,  and  for  this  reason  no  great  originality  is  claimed  for  the 
apparatus ;  the  method  of  the  operation  in  the  machine  under 
consideration  is  as  follows  : — 

We  will  suppose  the  animal  or  organ  to  be  injected  to  have  been 
prepared  as  usual  and  placed  over  a  water  bath  arranged  to  secure  a 
proper  degree  of  temperature  during  the  operation ;  and,  the  injec- 
tion mass  having  been  also  previously  prepared  and  placed  in  a 
three-mouthed  wolffs-bottle  (prepared  as  a  wash-bottle  with  closely 
fitting  rubber  corks)  which  should,  of  course,  be  placed  over  a 
water-bath  to  keep  the  mass  liquid. 

The  source  of  the  power  utilized  is  twenty  pounds  of  mercury 
which,  by  changing  position  from  a  higher  to  a  lower  level,  forces 
the  air  out  of  one  of  two  glass  filtering  funnels  alternately,  as 
one  placed  below  or  raised  above  the  level  of  the  other  which 
should  be  kept  stationary.  These  two  filtering  funnels  are  sap- 
ported  on  iron  rings  with  clamps  which  can  be  attaclied  to  two 
iron  rods  at  any  given  height.  The  iron  rods  should  be  about 
thirty-six  inches  high  being  held  in  their  places  by  a  framework 
that  rises  on  the  back  part  of  a  wooden  platform  which  rests  upon 
the  table  (or  may  be  built  into  the  wall,  or  placed  between  two 
shelves  far  enough  apart  in  a  closet  in  the  laboratory)  and  serves 
as  a  convenient  place  for  any  accessory  apparatus  or  instruments. 
The  funnels,  referred  to  above,  are  connected  at  the  bottom  of  each 
by  a  rubber  tube,  and  have  stop-cocks  above  the  points  where  the 
tubing  is  attached.  The  opening  at  the  upper  part  of  these  funnels 
is  closed  with  rubber  corks  through  which  a  glass  tube  is  placed 
after  having  been  once  bent  at  right  angles. 

The  means  of  securing  the  operation  of  the  currents  of  air  in 
such  a  manner  as  to  perform  their  works  properly  is  an  arrange- 
ment of  three-way-stop-cocks  of  a  peculiar  construction.  These 
stop-cocks  are  each  so  constructed  that  when  turned  in  one 
position  they  have  the  form  of  a  regular  spigot,  while  by  a  quarter 
turn  from  that  position,  a  straight  connection  is  made  through  the 
bod}'  of  the  stop-cock  to  a  tube  opening  at  that  point. 

Two  of  these  stop-cocks  are  placed,  one  on  either  of  the  upward 
branches  of  a  glass  tube  having  the  form  of  the  letter  Y.    This 
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MraDgement  affords  tlie  nieane  of  transmitting  a  current  of  air 
under  pressure  tlirougb  that  stop-cock  which  may  be  turned  so  as 
to  open  n  straight  connection  through  it,  nhen  that  branch  of  the 
Y-tube  of  whicli  it  forms  a  part  has  been  connected  with  the  glass 
tube  at  the  top  of  the  filtering  funnel,  from  which  the  air  is  forced 
by  the  flow  of  the  mercury-  to  it  from  tlie  otiier  funnel  which  should 
occupy  a  higher  position.  It  also  affords  the  means  of  allowing  a 
curi'ent  of  air  to  flow  to  the  surface  of  the  mercury  in  the  higher 
vessel,  through  tbe  other  stop^K>clc  which  should  be  turned  so  as 
to  afford  ingress  to  the  air ;  this  nill  be  secured  when  the  stop-cock 
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18  placed  in  a  position  at  right  angles  to  that  of  tbe  first  described 
stop-cock.  This  branch  of  tbe  Y-tube  should  be  connected  with 
Ibe  tul>e  at  tbe  top  of  the  other  filtering  funnel. 

Tlie  lower  branch  of  the  Y-tube  should  be  connected  with  the 
short  arm  of  the  bottle  containing  tbe  injection  mass.  All  the 
joints  made  with  the  tubing  ebouhl  be  securely  wired  and  all 
tbe  other  connections  made  as  tight  as  possible. 

The  Y-tube  described  above  should  be  secui-ely  supported  by 
extension  test-tube  clamps,  attached  to  the  iran  rod,  to  which  tbe 
stationary  filtering  funnel  has  been  fixed,  and  below  the  funnel. 
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The  long  arm  of  the  bottle  containing  the  injection  mass  should 
be  attached  to  tlie  nozzle-stop-cock  which  fits  the  canulse  to  be 
used  in  the  injection. 

Now  we  shall  suppose  that  the  mercury  has  been  placed  in  the 
stationary  filtering  funnel  and  this  latter  firmly  fixed  a  little  above 
the  middle  point  of  one  of  the  iron  rods.  The  stop-cocl^  of  tiiis 
funnel  should  be  turned  so  as  to  prevent  the  mercury  flowing  from 
it,  then  the  three-way-stop-cock  connected  with  it  should  be  turned 
so  that  the  air  may  have  access  to  the  surface  of  the  mercury,  and 
the  other  three- way-stop-cock  turned  so  that  the  air  from  the  funnel 
with  which  it  is  connected  will  flow  directly  through  the  glass-tube 
to  the  wolfls-bottle. 

Then  if  the  second  filtering  funnel  be  placed  in  a  lower  position 
than  the  first,  above  described,  and  clamped  securely,  the  machine 
is  ready  for  use. 

If  the  mercury  should  then  be  turned  on  it  will  force  the  air  out 
of  the  lower  filtering  funnel  and  this  air  will  then  act  upon  the 
injection  mass,  forcing  it  along  in  proportion  to  the  difierence  in 
level  of  mercury,  or  the  amount  of  mercury  turned  on. 

If  a  larger  quantity  of  injection  mass  is  required  than  can  be 
discharged  from  the  wolifs-bottle  by  once  emptying  one  funnel 
into  the  other,  after  the  fiow  of  mercury  has  been  stopped  by 
turning  the  stop-cock  of  the  lower  funnel,  an  additional  quantity 
of  the  fluid  can  be  poured  through  the  central  mouth  of  the  wolff:^ 
bottle. 

The  positions  of  the  three-way-sto|>cocks  should  now  be  reversed 
to  permit  the  current  of  air  to  act  from  the  other  funnel  upon  the 
injection  mass. 

Then  the  funnel  which  is  full  of  mercury  should  be  raised  to  a 
position  on  its  rod  as  much  above  that  of  the  stationary  funnel  as 
it  was  below  it  before,  when  it  will  in  its  turn  become  the  source 
of  power  when  the  mercury  is  turned  on. 

Thus  the  operation  may  be  proceeded  with,  and  by  repeating 
this  simple  process  an  injection  may  be  performed  lasting  any 
reasonable  time,  with  very  little  trouble  or  interference  on  the  part 
of  the  operator  and,  so  far  as  my  experience  goes,  with  great 
satisfaction. 

It  will  be  readily  seen  that  absolute  constancy  of  pressure  is  not 
even  obtained  in  this  instance  because  the  shifting  lines  of  level  of 
the  surface  of  the  mercury,  in  the  firmly  fixed  funnels,  introduce  a 
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small  cn*or :  this  migbt  be  overcome  by  suspending  the  funnels  from 
springs  so  adjusted  that  as  the  mercury  changed  its  level,  a  compen- 
sation would  be  brought  about  by  a  change  in  the  position  of  the 
funnels ;  but  after  having  tried  the  firmly  fixed  funnels  and  not  hav- 
ing experienced  the  slightest  difi^culty  from  this  source  of  error,  I 
am  inclined  to  believe  that  a  change  would  be  an  almost  needless 
refinement  of  accuracy  and  in  addition  would  somewhat  doubt  the 
prudence  of  having  such  a  weight  of  mercury  suspended  in  that 
manner. 

The  piece  of  apparatus  has  been  thus  described,  somewhat  at 
length  in  the  hope  that  histologists  will  find  in  it  an  aid  in  their 
investigations  such  as  it  has  been  to  myself. 


A  Filtering  Wash-bottle  especially  adapted  to  the  use  of  the 
HisTOLOG£9T.    By  C.  E.  Hanaman,  of  Troy,  N.  Y. 

[abstract.] 

It  is  a  matter  of  eveiy-day  experience,  with  those  who  employ 
the  microscope  in  histological  research,  tiiat  liowever  careful  they 
may  be  to  filter  their  reagents  before  the  day's  work  begins,  ere 
long,  particles  of  foreign  matter  are  apt  to  make  their  appearance 
in  the  various  solutions  employed. 

These  particles  not  un  frequently  become  attached  to  the  most 
interesting  portions  of  valuable  specimens,  thereby  marring  their 
beauty,  and  sometimes  detracting  from  their  value.  I  have  not 
found  the  usual  forms  of  paper  and  cotton  filters  as  convenient  as 
I  could  wish,  and  it  was  with  a  view  to  the  production  of  a  simple 
apparatus,  which  would  deliver  as  required  any  quantity,  from  a 
single  drop  to  a  full  dish  of  any  staining  fiuid  or  other  reagent, 
that  I  devised,  some  two  years  ago,  the  apparatus,  a  description  of 
which  is  the  purpose  of  this  paper. 

A  bottle  with  three  necks  is  taken  and  through  a  cork  in  one  of 
the  necks  is  passed  a  bent  glass  tube  (A)  reaching  nearly  to  the 
bottom  (as  in  the  ordinary  wash-bottle)  but  cut  oflT  at  the  upper 
end  a  short  distance  beyond  the  bend  or  neck  (B).    At  this  point 
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there  is  attached  by  a  cork,  a  short  piece  (say  three  inclies  long) 
of  a  tube  of  wider  lumen  (C)  than  that  used  in  the  long  tube  (A). 
Into  the  open  or  lower  end  of  the  wide  tube,  is  inserted  a  cork, 
through  which  passes  a  short  delivery  tube. 

Over  the  corks  inserted  in  either  end  of  the  wide  tube,  and 
covering  the  ends  of  the  smaller  tubes  where  they  open  into  the 
larger  one,  are  stretched  pieces  of  fine  muslin,  and  between  the  two 
corks  the  tube  is  filled  with  a  rather  loosely  packed  plug  of  "  ab- 
sorbent cotton."  The  second  or  middle  neck  of  the  bottle  is 
closed  by  a  well  fitting  cork.  Through  a  cork  in  the  third  neck  is 
passed  a  piece  of  bent  glass  tubing,  which  reaches  Just  below  the 
cork  on  the  inside  of  the  bottle,  and  extends  (either  in  the  foiin 
of  an  arch,  or  bent  at  right  angles)  a  short  distance  from  the  top 
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of  the  cork  through  which  it  passes.  Attached  to  this  tube  is  a 
piece  of  rubber  tubing  of  a  suitable  length,  at  the  end  of  which, 
either  a  short  glass  mouth-piece,  or  the  rubber  bulb  of  a  David- 
son syringe  is  attached.  To  use  the  apparatus  the  bottle  is  filled, 
through  the  middle  neck,  half  or  two-thirds  full  of  the  reagent  to 
be  employed  and  the  cork  is  again  firmly  inserted.  It  will  then 
be  found,  that  by  compressing  the  rubber  bulb,  or  blowing  through 
the  mouth-piece,  the  air  in  the  bottle  will  be  condensed  and  the 
fluid  will  be  driven  through  the  cotton  plug,  either  in  drops  or  in 
a  stream,  according  to  the  quantity  of  air  forced  into  the  bottle. 
A  very  gentle  squeeze  of  tlie  bulb,  or  a  gentle  breath  at  the 
mouth-piece,  and  a  single  drop  is  delivered,  while  by  rapidly  con- 
densing the  air  with  the  bulb,  a  stream  will  flow  from  the  deliveiy 
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tube,  which  can  be  instantlj'  stopped  when  the  desired  quantity  has 
been  obtained,  b}'  simply  loosening  the  cork  in  the  middle  neck. 
When  the  plug  of  cotton  becomes  foul,  as  it  will  after  a  time,  the 
cork  in  the  lower  end  of  the  wide  tube  is  taken  out  and  the  plug 
pulled  out  with  a  bit  of  bent  wire,  and  a  fresh  one  substituted. 

The  same  plug  may  be  used  for  a  long  time  with  most  reagents 
before  renewal  is  required.  With  reagents  like  j-  per  cent  or  f  per 
cent  salt  solution,  in  which  the  strength  of  the  solution  would  be 
altered  by  condensation  in  the  cotton  plug,  a  daily  renewal  may  be 
necessar}',  but  with  even  so  troublesome  a  reagent,  as  the  Hema- 
toxylin staining  fluid,  the  plug  will  not  require  renewal  ofteuer 
than  once  or  twice  a  week,  when  used  daily. 

The  convenience  of  the  apparatus  will  I  think  be  apparent  to 
all,  and  I  hope  may  prove  to  be  as  great  a  source  of  comfort  to 
others  as  it  has  been  to  myself. 


Development  of  the  Flanitla  of  Clava  leptosttla,  Ag.    By 
J.  H.  PiLLSBURT  of  Springfield,  Mass. 

Labstract.i] 

After  referring  to  the  habitat  of  this  hydroid  the  author  gave 
a  brief  description  of  the  familiar  method  of  its  development  from 
the  formation  of  the  germinal  dot  to  the  escape  of  the  planula 
from  the  sporosac.  The  special  point  to  which  the  author  wished 
to  call  attention  is  the  fact  that  the  cilia  are  developed  before  the 
planula  bursts  forth  from  the  sporosac,  a  fact  which  has  been  either 
overlooked  or  denied  by  previous  observers,  and  the  probable  ser- 
vice the  ciliary  motions  render  in  accelerating  the  escape  of  the 
planula. 

>  PubliAhed  in  fUll  in  the  American  Monthly  Microsoopical  JoarnAl,  for  October, 
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VICE  PBESIDENT,  SECTION  H. 


SOME  PHYSICAL  CHARACTERISTICS  OF  NATIVE 

TRIBES  OF  CANADA. 

In  welcoming  the  Anthropological  Section  of  the  American 
Association  for  the  Advancement  of  Science  to  its  meeting 
here  on  Canadian  soil,  it  will  not,  I  trust,  appear  unsuitable  to  the 
occasion,  if  I  invite  attention  to  some  of  the  physical  character- 
istics which  distinguish  certain  native  races  of  the  Dominion ; 
and  especially  to  the  significance  of  certain  typical  head-forms, 
aud  their  bearing  on  our  special  researches  in  reference  to  the 
origin,  distribution,  and  classification  of  races. 

In  so  doing,  it  is  important  to  keep  in  view  the  prevalence 
throughout  the  American  continent  of  various  artificial  modifica- 
tioDS  of  skull-forms.  This  strange  custom  is  probably  at  the  present 
time  carried  on  more  systematically  among  the  dififerent  tribes  of 
Flathead  Indians  of  British  Columbia,  than  in  any  other  region ; 
though  abundant  evidence  exists  to  show  its  prevalence  both  in 
past  and  present  times  among  many  tribes  and  nations  in  very 
different  stages  of  progi'ess,  alike  in  North  and  South  America. 
It  has,  indeed,  attracted  more  general  attention  than  most  other 
characteristic  practices  of  the  American  aborigines,  owing  to  its 
prevalence  alike  among  the  most  barbarous  and  the  most  civilized 
races.    To  all  appearance  the  Peruvians  and  Mexicans  had  devel- 
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oped  independent  phases  of  progress  in  arts,  science,  and  social 
policy,  witliout  any  knowledge  of  each  other.  Nevertheless,  we 
trace  the  singular  practice  of  moulding  the  human  head  into  ab- 
normal forms,  alike  among  the  civilized  races  of  Peru,  the  ancient 
lettered  architects  of  Central  America  and  Mexicoy  and  among 
barbarous  tribes  both  to  the  east  and  west  of  the  Rocky  Moun- 
tains. The  earthworks  of  the  Mississippi  Vallej^  Mound-builders 
have  been  found  to  cover  artificially  flattened  crania ;  and  the  sta- 
dent  of  American  native  civilization,  as  he  turns  from  pondering 
over  the  bas-reliefs  and  hieroglyphics  on  the  sculptured  slabs  of 
Falenque  and  Uxmal,  is  startled  to  find  that  the  cranial  forms  and 
strange  ph3'8iognomical  contour  of  the  architectural  race  of  Cen- 
tral America  are  reproduced  among  some  of  the  most  barbarous 
living  tribes  of  Oregon  and  British  Columbia.  But,  now  that 
the  study  of  craniology  has  been  carried  out  by  many  intelligent 
observers,  the  fact  is  becoming  familiar  to  us  that  artificial  cranial 
deformation  is  no  peculiarity  of  the  American  continent,  either  in 
ancient  or  modern  times.  The  compressed  crania  of  the  Asiatic 
Macrocephali  attracted  the  attention  of  Hippocrates  five  centuries 
before  the  Christian  era ;  and  Blumenbach,  the  foremost  of  Euro- 
pean craniologists,  figured  in  the  first  fasciculus  of  his  ^^Decades 
Craniornm,"in  1790,  an  imperfect  compressed  skull,  received  by  him 
from  Russia,  with  the  information  that  it  was  probably  that  of  a 
Tartar.  This  he  unhesitatingly  designated  an  Asiatic  Macro- 
cephalus.  The  conclusion  thus  arrived  at  has  been  sustained  by 
subsequent  discoveries ;  and  as  attention  is  more  widely  directed 
to  the  general  subject  the  results  are  found  to  have  a  special  value 
for  the  Amerix^an  ethnologist. 

It  seems  probable  that  the  name  of  Macrocephali,  like  that  of 
our  own  Flatheads,  did  not  properly  belong  to  any  single  tribe,  or 
even  distinct  race  of  ancient  Asia ;  but  had  its  origin  in  the  effort, 
by  artificial  means,  to  produce  the  patrician  head-form,  primarily 
characteristic  of  some  dominant,  or  conquering  race.  Among  the 
Chinooks  and  other  Flathead  tribes  of  this  continent,  and  also, 
as  I  believe,  among  the  ancient  builder-races  of  Yucatan  and 
Peru,  certain  head-forms  were  recognized  as  an  attribute  of  the 
ruling  cast.  Within  the  Flathead  area  of  British  Columbia  the 
compressed  and  distorted  skull  is  even  now  the  symbol  of  aris- 
tocracy ;  and  adopted  captives,  or  slaves,  are  precluded  from  giv- 
ing the  prized  deformity  to  their  offspring.    Hippocrates  refers  in 
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his  '^De  Aere,  Aquis,  et  Locis,*'  to  the  Macrocephali  as  a  people 
among  whop  ^Hhose  are  thought  the  most  noble  who  have  the 
longest  heads."  Skulls  of  this  t3-pe  have  been  recovered  in  recent 
years  from  ancient  graves  in  the  Crimean  Bosphorus,  and  the  val- 
ley of  the  Don.  Still  more  illustrative  of  the  effort  at  superin- 
ducing a  novel  dolichocephalic  form  among  races  of  brachycephalic 
type,  are  the  examples  of  compressed  Hun  or  Avar  skulls  found 
from  time  to  time  on  the  line  of  march  of  the  great  Hunish  in- 
vasions of  Europe  in  the  fifth  and  sixth  centuries.  One  of  the 
first  examples  of  such  mediaeval  compressed  crania  which  attracted 
special  attention  in  Europe  was  a  skull  found,  in  the  year  1820, 
at  Fuersbrunn,  near  Grafenegg,  in  Austria.  Count  August  von 
Breuner,  the  proprietor  of  the  soil,  acquired  possession  of  the  in- 
teresting relic,  and  at  once  ascribed  it  to  the  Avarian  Huns,  who 
occupied  that  region  from  the  middle  of  the  sixth  until  the  eighth 
century.  Of  this  compressed  Avar  skull,  Retzius  gave  a  descrip- 
tion in  th«  proceedings  of  the  Royal  Academy  of  Sciences  of 
Stockholm,  in  1844 ;  and  showed  that  the  skull,  which  had  been 
regarded  as  remarkable  for  its  great  elongation,  was  in  reality  a 
true  brachycephalic  skull,  such  as  the  Mongol  affinities  of  the  Avars 
would  suggest,  but  that  by  artificial  compression  it  had  been  elon- 
gated, vertically,  or  rather  obliquely.  An  additional  interest  is 
conferred  on  this  European  example  of  artificial  cranial  deforma- 
tion by  the  fact  that  scientific  observers  were  persuaded  for  a  time 
to  regard  it,  not  as  European,  but  as  an  intrusive  American  ex- 
ample, brought  thither  soon  after  the  discovery  of  this  continent. 
The  well  known  traveller  Dr.  Tschudi  communicated  to  Miiller's 
**Archiv  fur  Anatomic"  a  memoir,  in  which  he  instituted  a  compari- 
son between  this  Grafenegg  skull  and  the  compressed  crania  of  an- 
cient Peruvian  cemeteries,  whence  he  arrived  at  the  conclusion  that 
scientific  men  had  been  deceived  in  ascribing  to  any  Asiatic 
or  European  source  a  skull  which  must  have  been  originally  de- 
rived from  Peru.  In  confirmation  of  this,  he  recalled  the  fact  that, 
widely  as  Austria  and  Peru  are  now  severed,  in  the  sixteenth  cen- 
tury the  Emperor  Charles  V  embraced  both  within  his  dominions. 
Ke  accordingly  conceived  it  no  improbable  conjecture  that  the 
compressed  skull  was  brought  to  Europe,  as  an  object  of  curi- 
osity ;  and  being  afterwards  thrown  aside,  it  was  mistakenly  as- 
sumed to  pertain  to  native  sepulture  when  recovered  at  Fuersbrunn 
in  the  present  century. 
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More  recent  discoveries  of  ailificially  compressed  crania  on 
European  sites,  liave  removed  all  doubts  of  their  native,  or  intru. 
sive  Asiatic  origin.  It  thus  appears  that  the  barbarous  practice  is 
neither  recent,  nor  peculiar  to  the  New  World.  Neither  to  Am- 
erica nor  to  Europe  do  those  examples  of  mediseval  and  ancient 
compressed  crania  really  belong,  but  seemingly  to  the  nomad 
Mongols  and  Ugrians  of  the  steppes  of  Northern  Asia,  in  the  vast 
wilds  of  which  we  lose  them  as  they  spread  away  eastward  toward 
the  Okhotsk  Sea  and  the  Aleutian  Islands.  We  are  thus  guided 
by  unmistakable  indications  backward,  as  it  seems,  on  this  ancient 
trail,  down  the  valley  of  the  Danube,  and  beyond  the  Caspian  and 
the  Ural  Mountains,  to  a  region  outside  the  farthest  limits  assigned 
by  Hippocrates,  Strabo,  Pliny,  or  Mela,  to  the  Asiatic  Macro- 
ccphali ;  and  recover  traces  of  the  strange  practice  of  the  Amer- 
ican Flatheads  far  to  the  northeast  of  the  Altai  chain,  in  the  val- 
leys that  skirt  the  Yablonoi  mountains,  as  they  trend  eastward 
towards  the  Okhotsk  Sea.  It  may  indeed  be  an  American  practice 
which  Asia  borrowed,  for  the  affinities  of  race  between  the 
tribes  of  the  islands  and  Asiatic  mainland  immediately  to  the  west 
of  Behring  strait  point  to  a  migration  to  Asia  from  America. 
Such,  however,  is  limited  and  exceptional.  On  evidence  which 
embraces  the  ethnical  characteristics  of  a  very  wide  Asiatic  area, 
the  Mongolian  classification  of  the  American  Indian  is  confirmed 
by  many  significant  points  of  resemblance  in  form,  color,  texture 
of  hair,  and  peculiar  customs  and  traits  of  character,  which  fail  us 
when  we  turn  either  to  the  Asiatic  Aleutians,  the  Namollos,  and 
other  allied  tribes  of  the  older  continent,  or  to  the  true  Eskimo. 
The  striking  resemblance  noted  by  Humboldt  as  existing  between 
the  American  race  and  the  Mongols  of  Asia,  received  independent 
confirmation  from  Dr.  Charles  Pickering,  as  the  result  of  his  ex- 
tensive observation  of  the  races  of  both  continents,  in  his  capacity 
of  ethnologist  to  the  American  Exploring  Expedition.  Such  affini- 
ties are  still  further  confirmed,  as  we  recover  the  traces  of  the 
singular  practice  of  cranial  deformation  extending  in  ancient  and 
mediaeval  times  eastward  from  the  Euxine  and  beyond  the  Altai 
mountains.  To  those  little-known  areas  of  northern  Asia  the 
ethnologist  and  the  archaeologist  have  yet  to  turn  in  quest  of 
the  footprints  of  one  of  the  immigrant  routes  to  the  new  world. 
There  it  is,  in  the  vast  unknown  regions  of  Asiatic  Russia,  that  we 
may  hope  to  recover  evidence  confirmatory  of  at  least  one  soui*ce 
of  the  Asiatic  relations  of  the  American  race. 
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It  IS  DOW  a  recognized  fact  that  the  artificial  head-forms  charac- 
teristic of  diverse  tribes  of  North  and  South  America  vary  greatly, 
from  tlie  extreme  depressed  forehead  and  laterally  compressed 
skulls  of  races  that  rivalled  the  ancient  Macrocephali  in  their  esti- 
mation that  ^'  the  most  noble  are  those  who  have  the  longest 
heads,"  to  some  among  the  Cowlitz  or  Chinook  tribes  of  British 
Columbia,  whose  heads  are  compressed  into  a  flattened  disk.  The 
two  artificial  extremes  find  their  analogues  in  the  distinct  ethnical 
divisions  of  dolichocephalic  and  brachy cephalic  head- forms  among 
well-known  northern  tribes.  The  predominant  natural  form,  char- 
acteristic of  the  more  southern  tribes  of  North  America,  appears 
to  have  been  brachycephalic,  or,  as  it  is  sometimes  called,  globular. 
But  along  the  regions  of  the  great  lakes,  in  the  valley  of  the  St.  Law- 
rence, and  northward  throughout  the  whole  Eskimo  area,  the  dolicho- 
cephalic head-form  prevails.  The  native  races  of  the  Dominion, 
and  especially  the  earliest  known  aborigines  of  Upper  and  Lower 
Canada,  including  the  province  in  which  you  are  now  met,  appear 
to  have  been  all  of  the  same  dolichocephalic  t\pe  ;  and  so  to  have 
formed  a  class  markedly  distinct  from  the  short,  or  globular  headed 
races  of  the  south,  whose  head-form  was  long  regarded  as  typical 
of  the  whole  American  race.  Of  the  Indians  of  Hochelaga,  first 
met  by  Cartier,  in  1535,  we  are  able  to  judge  from  crania  recovered 
from  their  cemeteries.  The  palisaded  Indian  town  of  Hochelaga 
occupied,  in  the  sixteenth  century,  the  site  where  we  are  now  as- 
sembled ;  and  in  the  museum  of  McGill  College  may  be  seen  ex- 
amples of  the  crania,  as  well  as  specimens  of  the  flint  implements 
and  pottery  dug  up  on  its  site.  Its  traces  revealed  nothing  sug- 
gestive of  any  other  rudiments  of  civilization  than  have  long  been 
familiar  to  the  American  student  of  primitive  arts  in  the  abundant 
remains  of  Indian  settlements  throughout  the  area  of  the  eastern 
States,  and  on  the  sites  of  the  Iroquois  Confederacy  in  the  State 
of  New  York.  Their  earthenware  pots  and  bowls  of  various  sizes 
were  decorated  with  rude  yet  tasteful  incised  patterns ;  and  the 
handles  were  further  ingeniously  modelled  at  times  into  human  and 
animal  forms.  Tobacco  pipes  also,  both  of  stone  and  earthenware, 
here  as  elsewhere,  were  special  objects  of  artistic  ornamentation. 
Stone  and  flint  implements,  bone  needles  and  bodkins,  also 
abounded  ;  but  of  metal  only  very  rare  traces  of  the  cold-wrought 
copper  tool  gave  any  indication  of  even  the  first  rudiments  of 
metallurgic  art.    In  truth,  Canada  has  no  such  evidences,  even  of 
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an  incipient  native  civilization,  as  the  remarkable  earthworks  which 
abound  in  the  groat  river  valleys  to  the  south  of  Lake  Erie.  To 
all  appearance,  through  unnumbered  centuries,  the  tide  of  human 
life  has  ebbed  and  flowed,  to  the  north  of  these  great  lakes,  and  in 
the  valley  of  the  St.  Lawrence,  as  unprogressively  as  on  the  grent 
steppes  of  Asia,  among  the  Bedouin  tribes  of  the  Arabian  penin- 
sula, or  around  the  tropical  lakes  of  equatorial  Africa.  Such  foot- 
prints as  the  wanderers  have  left  on  the  sands  of  time  tell  us  no 
more  than  the  ripples  on  the  sea  beach,  and  are  indeed  still  more 
evanescent.  Nevertheless,  in  all  their  distinctive  characteristics, 
the  tribes  of  our  Canadian  forests  and  prairies  present  much  in 
common  with  those  by  whom  the  whole  area  of  this  northern  con- 
tinent, southward  to  the  Gulf  of  Mexico,  appears  to  have  been  oc- 
cupied when  first  brought  under  the  notice  of  European  explorers. 
It  is  indeed  a  noticeable  fact  in  reference  to  the  entire  popula- 
tion of  this  western  hemisphere,  throughout  areas  so  widely  dif- 
fering in  climate  and  physical  geography  as  are  embraced  within 
the  region  extending  from  the  arctic  circle  to  Terra  del  Fuego, 
that  the  ethnical  diversities  are  slight  when  compared  with  those 
which  pertain  to  what,  historically  speaking,  are  the  older  conti- 
nents. It  seems  to  force  on  us  the  conclusion  that,  however  re- 
motely we  may  trace  our  way  back  into  unrecorded  centuries,  ere 
we  reach  the  lime  when  man  made  his  first  appearance  here,  so 
far  as  the  multiplication  of  diverse  racial  varieties  afford  any 
evidence,  it  is  recent  when  compared  with  the  peopling  of  the  an- 
cient world.  To  this  indeed  one  im[x>rtant  exception  has  been 
suggested  in  the  assumption  of  a  direct  affinity  between  the  hyper- 
borean tribes  of  this  continent  and  the  men  of  Europe's  paleeo- 
lithic  era ;  and  I  shall  accordingly  refer  to  it  in  its  bearings  on  the 
general  conclusions  to  which  we  are  thus  led. 

Great,  however,  as  is  the  superficial  resemblance  which  seems 
to  pervade  the  diverse  tribes  of  the  American  continent,  some  of 
the  underlying  differences  were  noted  from  the  first.     Columbus, 
with  an  eye  quick  to  discern  all  that  was  peculiar  in  the  novel 
i  scenes  on  which  he  was  the  first  to  gaze,  failed  not  to  note  the 

I  marked  distinction  between  the  fair  complexion  of  the  Guanches, 

}  who  were  brought  under  his  notice  on  his  first  voyage,  and  the 

reddish-olive  of  the  ferocious  Caribs.  Apart  A:om  this  purely 
physical  distinction,  these  Guanches  attracted  his  attention  by 
their  gentle  manners  and  inoffensive  habits.  From  them  he  learned 
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of  the  Caribs,  as  a  fierce,  warlike  people  occapying  the  neigh- 
bouring islands  and  the  mainland,  of  whom  they  lived  in  constant 
dread  ;  and  who  subsequently  became  familiar  to  the  Spaniards  as 
a  ferocious,  craft}',  and  revengeful  race,  delighting  in  cannibalism. 
Hence  we  perceive  that  from  the  first  both  physical  and  moral  dif- 
ferences, of  a  sufficiently  marked  character,  were  observed  among 
native  tribes  of  the  New  World.  Nor  indeed  did  Humboldt, 
or  even  Morton,  entirely  overlook  the  existence  of  considerable 
varieties  in  color  and  complexion,  from  nearly  white  to  a  dark 
brown ;  though  they  were  led,  from  different  causes,  to  under- 
estimate the  extent  of  diversity  prevailing  among  the  widely  scat- 
tered nations  of  North  and  South  America. 

But  while  it  is  deserving  of  notice  that  the  aborigines  of 
Canada  do  difi*er  in  certain  ph^^sical  characteristics  from  those 
especially  of  the  more  southern  states  of  North  America,  it  is 
undoubtedly  true  that  an  approximate  correspondence  in  eth- 
nical characteristics  is  common  to  many  tribes  both  of  North 
and  South  America.  It  is  not,  therefore,  to  be  wondered  at  that  the 
idea  of  their  constituting  one  native  stock  distinct  from  all  the  races 
of  the  Old  World,  and  agreeing  in  the  possession  of  physical 
characteristics  peculiar  to  themselves,  should  have  been  accepted 
for  a  time  as  indisputable.  The  vague  generalizations  of  trav- 
ellers, and  the  current  forms  of  popular  belief,  however,  gradu- 
ally acquired  consistency  as  an  accepted  canon  of  ethnical  sci- 
ence ;  until,  in  the  final  embodiment  of  Dr.  Morton's  matured 
opinions,  he  affirmed  the  American  race  to  be  essential I3'  separate 
and  peculiar,  and  with  no  obvious  links,  such  as  he  could  discern, 
I  between  them  and  the  people  of  the  old  world,  but  a  race  distinct 
from  all  others. 

The  geographical  facilities  for  intermixture  among  the  very 
diverse  races  of  Asia,  Africa,  and  Europe,  account  for  many  in- 
termediate and  transitional  races ;  but  this  increases  rather  than 
diminishes  the  difficulty  of  referring  to  any  satisfactorj'^  source,  such 
primary  types  of  extreme  diversity  as  the  Negro,  Berber,  Mongol, 
Malay,  Arab,  and  Saxon.  Here,  on  the  contrary,  so  far  as  now 
appears,  approximate  types  were  hemmed  in  between  the  Atlantic 
and  the  Pacific ;  and  in  so  far  as  they  intermingled,  the  tendency 
Decessarily  was  to  diminish,  if  not  to  efface,  any  strongly  marked 
diatinctioDS ;  just  as,  in  prehistoric  centuries,  the  blending  of  the 
aboriginal  savage  with  intruding  races  is  assumed  to  have  begot- 
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ten  tiie  Melanocroi  and  the  Xanthocroi  of  Earope's  ethnological 
classification. 

Here,  undoabtedl}^  as  well  as  in  Europe  and  Asia,  extreme 
diversities  have  been  modified  ;  but  from  the  first  these  differences 
must  have  extended  over  a  narrower  range  on  the  American  con- 
tinent  than  that  which  finds  sucli  curious  illustration  in  the  an- 
cient sculpture  and  paintings  of  the  Nile  valley.  The  baso-relievos 
of  Yucatan,  the  terra  cottas  of  Mexico,  and  the  pottery  of  Peru, 
furnish  analogous  evidence  of  considerable  diversity  of  type 
among  the  prehistoric,  as  well  as  the  historic  and  civilized  races 
of  the  New  World.  Nevertheless,  after  the  fullest  recognition  of 
all  that  such  evidence  indicates,  the  fact  remains  that  great  as  is 
the  divergence  of  the  Eskimo  from  the  Mexican,  or  the  Peruvian 
from  the  Patagonian,  the  difference  becomes  almost  InsignificaDt 
in  comparison  with  that  which  distinguishes  the  Aryan  Hiudo 
from  the  Andaman  Islander,  the  Arab  from  the  Chinese,  or  the  in- 
sular Malay  from  tbe  Negritto.  Yet  all  of  those  pertain  to  a  con- 
tinent which  is  only  separated  from  our  own  by  Behring  Strait. 
So  noticeable  indeed  is  the  prevailing  correspondence  in  ethnical 
characteristics  among  the  various  races  of  this  continent,  that  Ihe 
elements  of  diversity  were  long  overlooked,  even  by  acute  scien- 
tific observers.  Malte  Brun  aflSrmed  as  the  result  of  a  long  course 
of  observation,  "  that  the  Americans,  whatever  their  origin  may 
be,  constitute  at  the  present  day  a  race  essentially  different  from 
the  rest  of  mankind."  A  more  notable  authority,  possessed  alike 
of  rare  capacity  for  accucatc  discrimination,  and  of  opportunity 
for  extended  personal  observation, —  the  distinguished  scientific 
traveller,  Humboldt, — remarked  in  the  preface  to  his  ''Researches  :** 
"  The  nations  of  America,  except  those  which  border  the  polar 
circle,  form  a  single  race,  characterized  by  the  formation  of  the 
skull,  tbe  color  of  the  skin,  the  extreme  thinness  of  the  beard,  and 
the  straight  glossy  hair." 

Until  very  recent  years  this  was  accepted  as  no  less  indispu- 
table than  any  axiom  of  Euclid.  American  ethnolc^ists  were 
agreed  as  to  the  predominance  of  one  ethnical  type  throughout 
the  whole  western  hemisphere  ;  while  those  of  Europe,  with  rarer 
opportunities  for  personal  observation,  were  predisi>ose<l  by  all 
the  narratives  of  early  voyagers  to  accept  the  conclusion  that  the 
man  of  the  New  World  was  a  well-defined  variety,  if  not  a  dis- 
tinct species,  of  the  genus  Homo.    Prichard,  Lawrence,  Wiseman, 
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Knox,  Morton,  Agassiz,  Squier,  Giiddon,  Nott,  and  Meigs,  might 
each  be  quoted  in  confirmation  of  this  opinion,  and  especially  of 
the  prevailing  uniformity  of  certain  strongl^^-marked  cranial  char- 
acteristics. Agassiz,  for  example,  affirmed  in  very  explicit  lan- 
guage :  *'*'  with  the  exception  of  the  Arctic  Esquimaux,  there  is 
only  one  single  race  of  men  extending  over  the  whole  range  of 
North  and  South  America,  but  dividing  into  innumerable  tribes  ; 
whilst,  in  the  Old  World,  there  are  a  great  many  well-defined  and 
easily  distinguished  races,  which  are  circumscribed  within  compar- 
atively much  narrower  boundaries."  Morton,  again,  viewing  the 
subject  in  the  light  of  his  own  special  evidence,  designated  a 
markedly  brachy cephalic  skull,  with  flattened  occiput,  recovered 
from  one  of  the  mounds  in  the  Scioto  Valley,  "  an  aboriginal 
American  head,"  and  added :  ^'  this  is,  perhaps,  the  most  ad- 
mirably formed  head  of  the  American  race  hitherto  discovered. 
It  possesses  the  national  characteristics  in  perfection."  Accord- 
ingly, after  indicating  these  in  detail,  he  affirms :  ^'  it  is  the  perfect 
type  of  Indian  conformation,  to  which  the  skulls  of  all  the  tribes 
from  Cape  Horn  to  Canada  more  or  less  approximate." 

Among  what  may  be  designated  typical  Canadian  skulls,  those 
of  the  Hurons  of  the  region  lying  around  the  Georgian  Bay  have 
a  special  value.  They  represent,  as  we  believe,  a  native  race 
which,  under  various  names,  extended  from  the  Lower  St.  Law- 
rence westward  to  Lake  St.  Clair,  the  Ouane-dote:  including  the 
Petuns,  Neuters,  Hurons,  £ries,  and  other  Wyandot  tribes,  of  the 
same  stock  as  the  Iroquois ;  but  to  whose  implacable  enmity  their 
extermination  was  ultimately  due.  The  native  population  first  met 
with  by  Cartier  and  the  French  explorers  of  1535,  is  believed  to 
have  been  of  the  same  Wvandot  stock ;  but  before  the  return  of 
the  French  under  Champlain,  in  1603,  they  had  been  exterminated, 
or  driven  westward  to  the  later  country  of  the  Hurons,  on  the  Geor- 
gian Bay.  There  they  were  first  visited  by  Champlain  in  1615, 
and  subsequently  by  the  French  Jesuit  missionaries  who,  in  1639, 
found  them  occupying  thirty-two  palisaded  villages.  Breboeuf 
reckoned  their  number  in  1635  at  thirty  thousand,  and  they  are 
estimated,  in  the  ^^Relation"  of  1660  at  thirty-five  thousand.  Al- 
ready, at  that  early  date,  the  whole  country  westward  from  the 
Ottawa  to  the  Huron  country  around  Lake  Simcoe,  had  been  d<5- 
populated,  and  reduced  to  a  desert,  by  the  wrath  of  the  Iroquois. 
Charlevoix  assigns  the  year  1655  as  that  of  the  destruction  of 


540  ADDBE88    BT   DANIEL   WILSOV, 

the  Attiwendaronks,  or  Neuters,  who  occupied  the  fertile  Niagara 
peninsula  between  Lake  Erie  aud  Lake  Ontario ;  and  the  £ries« 
whose  name  is  perpetuated  in  the  great  lake  on  whose  shore  they 
dwelt,  had  already  been  exteiminated  by  the  violence  of  the  same 
kindred  race,  before  the  French  explorers  had  even  ascertained  the 
existence  of  the  lake  which  bears  their  name.  In  the  earlier 
French  maps  an  imaginary  river  extends  uninterruptedly  from 
Lake  Huron  to  Lake  Ontario. 

Minute  information  has  been  preserved  of  the  Hurons  in  their 
later  home,  derived  chiefly  from  the  "Relations*'  of  the  Jesuit  Fath- 
ers, communicated  to  the  Provincial  of  the  Order  at  Paris,  from 
1611  to  1672.  We  thence  learn  accurate  details  of  their  great 
''Feast  of  the  Dead"  celebrated  at  intervals  of ,  ten  or  twelve  years, 
when  the  remains  of  their  scattered  dead  were  gathered  from  old 
scaffolded  biers,  or  remote  graves,  and  deposited  with  grand  cere- 
monial and  mourning  in  the  general  cemetery  of  the  tribe.  In 
the  vicinity  of  the  sites  of  their  palisaded  villages  extensive  os- 
suaries have  repeatedly  been  found  ;  and  there  are  now  preserved, 
in  the  museum  of  Laval  University  at  Quebec,  upwards  of  eighty 
skulls  recovered  from  the  Huron  cemeteries  of  St.  Ignace,  St.  Jo- 
achin,  St.  Mary,  St.  Michael,  and  others  of  the  Huron  villages, 
so  designated  by  the  French  Missionaries  who  visited  them  in  the 
seventeenth  century,  and  labored  for  the  conversion  of  the  In- 
dians there.  Other  examples  are  preserved  in  the  museum  of 
Toronto  University  ;  and  I  may  add  that  Dr.  Tach6,  by  whom  the 
most  extensive  researches  were  carried  on,  presented  ten  Huron 
skulls  to  the  London  Anthropological  Society ;  and  I  have  since 
forwarded  specimens  to  Dr.  De  Quatrefages  for  the  museum  of  the 
Jardin  des  Plantes  at  Paris. 

A  special  value  attaches  to  the  skulls  recovered  fh>m  those  Hu- 
ron ossuaries,  from  the  fact  that  the  race  was  exterminated,  or 
driven  out  of  the  country,  by  their  Iroquois  foes,  in  1649 :  and 
hence  the  crania  recovered  from  their  old  cemeteries  may  be  re- 
lied upon  as  giving  a  faif  illustration  of  the  ph3^sical  characteris- 
tics of  tiio  race.  The  descendants  of  a  small  band  of  Huron  refu- 
gees, rescued  from  the  general  massacre^  and  brought  by  the 
French  missionaries  to  Quebec,  still  survive  at  the  Huron  village 
of  Lorette,  on  the  St.  Charles  River ;  but  they  have  long  since 
lost  the  pure  traits  of  full-blood  Indians,  and  are  chiefly  interest- 
ing to  the  ethnologist  now  from  the  evidence  they  give  of  the 
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survival  alike  of  native  intellectual  ani  physical  traits,  after  an 
interval  of  well  nigh  two  centuries  and  a  half  passed  in  intimate 
intercourse,  and  latterly  freqaent  intermarriage  with  the  French 
habitans. 

The  Huron  skull  is  strongly  marked  as  of  the  dolichocephalic  type. 
The  careful  measurements  of  thirty-nine  male  skulls  yield  a  mean 
longitudinal  diameter  of  7.89  to  a  parietal  diameter  of  5.50  ;  and  of 
eighteen  female  skulls,  a  longitudinal  diameter  of  7.07  to  a  parietal 
diameter  of  5.22.  One  essential  characteristic,  therefore,  that  of 
great  relative  length,  is  unmistakable.  I  specially  refer  to  this  now, 
because  we  possess,  in  the  collection  of  the  Canadian  Institute  at 
Toronto,  a  skull  recovered  from  one  of  the  Huron  ossuaries  near 
Lake  Simcoe  which  differs  essentially  from  this  Huron  type.  It  is  a 
abort  skull, —  shorter  even  than  that  from  the  Scioto  mound, —  of 
the  same,  so-called,  globular  type,  measuring  only  6.00  in  longi- 
tudinal, and  6.40  in  parietal,  diameter.  Reverting,  therefore,  to 
Dr.  Morton's  ascription  to  the  Scioto  mound  skull  of  national 
characteristics,  which  constitute  it  ^^the  perfect  type  of  Indian  con- 
formation, to  which  the  skulls  of  all  the  tribes  from  Cape  Horn  to 
Canada  more  or  less  approximate,"  this  northern  example,  if  it 
stood  alone,  would  seem  to  confirm  his  assumption.  But  it  is  a 
wholly  exceptional  case ;  so  distinct  from  the  true  Huron  type  that, 
after  a  careful  study  of  one  hundred  and  twenty-six  crania  from 
ossuaries  of  the  Huron  country,  including  considerable  deviations 
from  what  may  be  regarded  as  the  normal  type,  I  have  not  found 
one  other  example  approximating  to  it.  It  differs  little  less  essen* 
tlally  from  the  race-form  of  the  people  whose  grave  its  owner  shared 
than  that  of  a  Chinese  from  the  normal  skull  of  the  pure  Anglo- 
American  ;  and  may  be  assumed  as  that  of  an  Indian  belonging  to 
some  far  southern  tribe,  whom  the  chances  of  Indian  warfare  had 
made  a  captive,  or  an  adopted  member,  of  the  Huron  tribe  in  whoso 
cemetery  he  found  his  final  resting-place. 

Such  indications  of  physical  diversity,  among  the  nations  so 
widely  scattered  throughout  the  New  World,  accord  with  philo- 
l<^ical  and  other  evidence.  Not  by  one,  but  by  diverse  routes 
have  the  fathers  of  the  American  nations  found  their  way  thither : 
some  by  Behring  Strait  and  the  Aleutian  Islands  ;  others  by  more 
southern  routes  across  the  broad  Pacific,  aided  by  winds  and  cur- 
rents, and  passing  onward  from  island  to  island  of  the  great 
archipelago  ;  others,  as  we  know,  by  Iceland  and  Greenland,  across 
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the  noi*therii  Atlantic;  and  others  again — as  philological  evi- 
dence seems  to  indicate, — along  the  same  ronte  as  that  which  Co- 
lumbus successfully  pursued  in  1492.  But  to  the  primary  migra- 
tions we  know  not  how  remote  a  date  to  assign « in  order  to  allow 
of  the  interblending  of  intruding  races,  and  the  development  of 
the  native  American  ^^Red  Man"  with  all  his  distinctive  traits 
of  individuality.  For,  while  it  is  important  to  note  the  elements  of 
diversity,  it  is  nevertheless  true  that  the  New  World  does  differ 
from  the  Old  in  the  narrow  range  of  such  variations  of  race-type 
through  all  extremes  of  climate  from  arctic  to  temperate,  tropi- 
cal, and  antarctic.  The  European  traveller  who  surveys  bis  own 
continent  from  the  northern  habitat  of  the  Fins  and  Lapps,  and 
the  conesponding  Asiatic  hyperboreans,  and  then  traverses  the 
eastern  hemisphere  to  the  Cape  or  to  the  Indian  Ocean,  comes  in 
contact  witlk  all  intermediate  varieties  between  the  two  extremes 
of  the  white  and  black  races ;  and  recognizes  in  western  Europe 
the  Mclanocroi  who  seem  to  be  the  resultant  of  their  inter-blending 
in  prehistoric  times.  But  in  America  we  seem  to  see  no  more 
than  a  result  analogous  to  the  latter ;  and  this  as  the  product  of 
more  nearl}'  allied  primitive  stocks,  the  largely  preponderating 
element  of  which  has  been  derived  from  the  Mongol  area  of  east- 
ern Asia.  Philological  evidence,  on  the  other  hand,  no  less  clearly 
indicates  the  remoteness  of  the  migrations  by  which  this  first  colo- 
nization of  the  New  World  was  effected ;  it  may  be,  indeed,  that 
they  pertain  to  periods  when  the  physical  geography  of  both  con- 
tinents, and  of  the  intermediate  archipelago,  afforded  facilities  for 
migration  altogether  wanting  within  historic  times. 

But  such  ideas  of  a  derivative  origin  of  the  American  aborigines 
are  of  very  modern  growth,  and  are  only  now  displacing  long  ac- 
credited beliefs.  That  the  man  of  this  New  World  must  prove  a 
being  essentially  different  from  any  known  race  of  Europe,  Africa, 
or  Asia,  was  an  opinion  which  assumed  ever  stronger  confirmation, 
as  the  idea  of  Columbus  that  he  had  landed  on  the  eastern  Con- 
tinent faded  awa}'  from  the  minds  of  his  successors.  The  Indians 
of  his  new-found  world  were  no  natives  of  Cipango,  or  the  valley 
of  the  Indus  ;  and  the  Hterature  of  the  fifteenth  and  sixteenth  cen- 
turies abounds  with  evidence  that  it  was  much  easier  to  persuade 
the  men  of  that  age  that  Calibans  and  monstrous  Anthropophagi 
peopled  the  strange  regions  beyond  the  Atlantic,  than  that  these 
were   inhabited  by  human  beings  like  themselves. 
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Even  Columbus,  it  has  to  be  remembered,  in  searching  for  ev^ 
dence  to  confirm  his  own  scientific  demonstration  that  the  world 
was  a  sphere,  and  so,  that  the  eastern  continent  could  be  reached 
by  a  western  route,  attached  special  value  to  indications  of  the  ex- 
istence of  a  transatlantic  continent,  derived  from  the  fact  that  the 
bodies  of  two  dead  men  had  been  cast  ashore  on  the  island  of  Flores, 
difiering  essentially  in  features  and  physical  characteristics  from 
any  known  race.  When,  at  length,  the  great  discoverer  set  foot  on 
the  islands  first  visited  by  him,  the  peculiarities  which  marked  the 
gentle  and  friendly  race  of  Guanahane  were  noted  with  curious 
minuteness  ;  and  their^'tawny  or  copper  hue,"  their  straight,  coarse, 
black  hair,  strange  features,  and  well-developed  forms,  were  all 
recorded  as  objects  of  interest.  On  his  return,  the  little  caravel 
of  Columbus  was  freighted  not  only  with  gold  and  other  coveted 
products  of  the  New  World,  but  with  nine  of  its  natives,  brought 
from  the  Islands  of  San  Salvador  and  Hispaniola,  eight  of  whom 
survived  to  gaze  on  the  strange  civilization  of  Spain,  and  to  be 
themselves  objects  of  scarcely  less  astonishment  than  if  they  had 
come  from  another  planet.  Such  was  the  earliest  knowledge  ac- 
quired by  the  Old  World  of  the  type  of  humanity  generically  de- 
signated as  the  Red  Indian  ;  and  the  attention  which  its  peculiarities 
excited  when  thus  displayed  in  their  fresh  novelty  has  not  yet 
exhausted  itself,  after  an  interval  now  little  short  of  four  centuries. 

Of  all  known  races  of  the  New  World,  the  Eskimo  alone  pre- 
sented, at  first,  a  seemingly  marked  diversity  from  the  other  aborig- 
ines ;  though  the  grounds  on  which  such  a  conclusion  was  based  are 
traceable  far  more  to  Arctic  conditions  of  life,  than  to  any  eth- 
nical peculiarities  definitely  assigned  to  them. 

This  is  apparent  from  the  terms  employed  by  the  historian 
Robertson, who,  writing  in  1777,  says:  "The  Esquimaux  are  man- 
ifestly a  race  of  men  distinct  from  all  the  nations  of  the  American 
continent,  in  language,  in  disposition,  and  in  habits  of  life.  But 
among  all  the  other  inhabitants  of  America  there  is  such  a  striking 
similitude  in  the  form  of  their  bodies,  and  the  qualities  of  their 
minds,  that,  notwithstanding  the  diversities  occasioned  by  the  in- 
fluence of  climate,  or  unequal  progress  of  improvement,  we  must 
pronounce  them  to  be  descended  from  one  source." 

The  idea  thus  definitely  set  forth  by  the  Scottish  historian  of  the 
last  century  was  placed  on  what  seemed  to  be  a  strictly  scientific  ba- 
sis by  the  author  of  the  '^Crania  Americana."     Dr.  Morton's  dill- 
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gence  in  the  accumulation  of  evidence  merits  our  highest  gratitude. 
But  he  had  unfortunately  set  out  with  the  idea  of  one  nearly  uui- 
form  race  peculiar  to  the  New  World  ;  and  with  all  the  evidence 
before  him  which  has  since  sufficed  to  convince  others  of  the  prev- 
alence of  great  diversity  of  head-forms  among  American  races,  be 
persisted  to  the  close  in  maintaining  the  physical  unity  of  the  Red 
Race  from  the  arctic  circle  to  Cape  Horn. 

Of  the  three  propositions  with  which  Dr.  Morton  sums  up  the 
results  borne  out,  as  he  conceives,  by  all  the  evidence  advanced  in 
his  ^^Crania  Americana/'  one  is,  ^^That  the  American  nations,  ex- 
cepting the  polar  tribes,  are  of  one  race  and  one  species,  but  of  two 
great  families,  which  resemble  each  other  in  physical,  but  differ  in 
intellectual  character."  Any  difficulty  arising  from  physical  or 
other  differences,  he  sought  to  overcome  by  the  application  of  the 
hypothesis  that  '^these  races  originated  in  nations,  and  not  in  a 
single  pair ;  thus  forming  proximate  but  not  identical  species." 
Subsequent  to  his  death  his  collection  of  crania  was  acquired  by  the 
Academy  of  Natural  Sciences  of  Philadelphia,  and  thereafter  sup- 
plemented in  its  most  important  branches  by  many  valuable  ad- 
ditions. This  greatly  augmented  collection  was  classified  anew  and 
catalogued  by  the  late  Dr.  J.  Aitken  Meigs ;  and  after  having  thus 
had  all  the  evidence  which  it  presents  brought  in  83'stematic  order 
under  his  own  notice,  he  contributed  to  Gliddon's  '^Indigenous 
Races  of  Men,"  a  paper  entitled  '^Cranial  characteristics  of  the 
Races  of  Men,"  in  which  he  thus  reiterated  the  Mortonian  dogma: 
' 'Through  Crania  Americana,  it  has  long  been  known  to  the  scien- 
tific world  that  a  remarkable  sameness  of  osteological  character 
pervades  all  the  American  tribes  from  Hudson's  Bay  to  Tenadel 
Fuego.  It  is  equally  well  known  that  the  researches  of  Humboldt 
and  Gallatin  have  demonstrated  a  conformity  not  less  remarkable 
in  the  language  and  artistic  tendencies  of  these  numerous  and 
widely-scattered  aborigines.** 

The  artificial  transformations  of  the  Indian  head  were  at  first  a 
source  of  difficulty  in  any  systematic  classification  of  head-forms ; 
and  the  views  of  Dr.  Morton  underwent  considerable  modification 
on  some  points  relating  to  the  influence  of  this  custom  in  perpet- 
uating certain  types  of  head  ;  but  he  finally  reverted. to  the  origi* 
nal  idea  of  one  predominant  cranial  t^'pe  to  which  all  the  races  of 
the  American  continent  more  or  less  nearly  approximated. 

The  evidence  which  the  mediaeval  European  examples  of  cranial 
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deforraation  supply  suggests  the  origin  of  this  barbarous  practice 
in  an  aim  at  conformity  with  the  natural  head-form  of  a  patrician 
or  conquering  race.  Dr.  Fitzinger,  who  has  carefully  investigated 
the  whole  subject  of  the  discovery  of  macrocephalic  skulls  in  an- 
cient Austrian  sepulchral  deposits,  after  tracing  the  evidence  sup- 
plied by  the  allusions  of  classic  writers,  mentions  an  interesting 
independent  illustration  of  the  subject.  A  medal,  struck  appar- 
ently to  commemorate  the  destruction  of  the  town  of  Aquileia,by 
Attila  the  Hun,  in  the  year  452,  came  under  his  notice.  On  one 
side  is  represented  the  ruined  city,  and  on  the  other  the  bust  of  the 
Ilunish  leader  in  profile,  with  the  same  form  of  head  as  that 
shown  in  the  supposed  Avar  skulls  found  in  the  valle}'  of  the  Dan- 
ube. One  of  this  type  obtained  by  M.  Hippol^'te  Gosse,  from  an 
ancient  cemetery  in  Savoy,  presents  the  favorite  Hun  or  Avar  form 
when  viewed  in  profile,  with  the  singular  vertical  elongation  which 
appears  to  have  constituted  an  ideal  type  of  masculine  beauty 
among  the  Asiatic  followers  of  Attila,  as  among  the  Natchez,  the 
Peruvians,  and  other  nations  of  the  New  World.  It  wa^  found  at 
Villy,  near  Reigner,  and  has  been  engraved  by  Retzius,  from  a 
drawing  furnished  to  him  by  the  discoverer. 

Thierry,  in  his  "Attila,"  refers  to  the  artificial  means  resorted  to 
by  his  followers  in  order  to  give  a  Mongolian  physiognomy  to  their 
children.  The  Hunish  leader  welcomed  every  able  bodied  recruit 
to  his  standard,  and  was  in  reality  as  much  a  leader  of  Goths  as 
of  Huns  ;  though  the  black  Huns  from  the  drear}"  Siberian  steppes 
constituted  the  aristocracy  of  his  wild  followers,  whose  Mongolian 
physiognomy  formed  the  ideal  of  ethnic  beaut}'.  At  this  the 
Gothic  mother  accordingly  aimed,  by  bandaging  the  nose,  com- 
pressing the  cheek  bones,  and  giving  an  artificial  form  to  the 
cranium  of  her  infant.  Such  practices,  however,  when  once 
brought  into  general  use,  continue  long  after  the  reason  for  their 
adoption  has  ceased.  It  need  not  therefore  greatly  surpilse  us  to 
learn  that  the  practice  of  distorting  the  skull  in  infancy  still 
prevails  in  some  districts  of  France.  Among  the  examples  of  such 
cranial  malformation  engraved  by  Dr.  Foville,  in  his  work  on  the 
"Anatomy  of  the  Nervous  System,"  there  is  one  which  might  take 
its  place  alongside  of  some  of  the  most  exaggerated  specimens 
brought  from  Peruvian  cemeteries. 

But  however  the  Gothic  mother  might  labor  to  make  the  natural 
development  of  her  infant's  head  conform  to  the  Mongolian  model, 
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the  traces  of  tbe  origiDally  dolichocephalic  type  coald  not  be  wholly 
eradicated*  This  is  seen  on  comparing  examples  in  any  large 
collection  of  American  Indian  skulls.  In  the  compressed  and 
distorted  Peruvian  crania,  traces  of  two  distinct  t3'pes  appear  to 
me  still  uneradicated.  The  same  is  noticeable  in  the  sculptures  of 
Central  America,  as  in  the  Palenque  bas-reliefs  where  deities  and 
chiefs  treading  kneeling  figures  underfoot,  present  the  long,  sloping 
forehead  in  a  line  with  the  straight  nose,  with  other  features  of 
the  strange  profile  peculiar  to  the  old  race ;  while  the  subject  race 
is  hook-nosed,  with  high  foreheads,  and  heads  seemingly  uncom- 
pressed. If  the  idea  Is  well-founded,  which  thus  traces  the  origin 
of  this  barbarous  practice  to  the  efforts  of  an  inferior,  or  subject 
race  to  approximate  in  outward  appearance  to  the  privileged  class, 
its  very  occurrence  points  to  the  existence  at  some  previous  time 
of  races  essentially  diverse  in  physical  character.  And  if  we  as- 
sume their  relative  positions  to  have  been  akin  to  that  of  the  con- 
quering Hun  and  the  enslaved  Frank  or  German,  the  motive  to  such 
a  practice  is  sufilciently  obvious.  Were  it  possible  for  the  colored 
population  of  Canada  and  the  United  States,  at  the  present  day,  by 
any  analogous  process  to  assimilate  their  offspring  to  the  Anglo- 
Saxon  type,  how  irresistible  would  the  motive  be  to  its  use. 

Such  ideas,  however,  found  no  favor  with  the  author  of  the  ^^Cra- 
nia  Americana ;"  and  in  some  of  the  conclusions  finally  adopted 
by  him  he  has  been  sustained  by  authorities  of  just  weight  in  sci- 
ence. In  the  latest  record  of  his  matured  views,  as  set  forth  in  a 
posthumous  paper  contributed  to  Schoolcraft's  ^ ^History  of  the  In- 
dian Tribes,"  he  remarks :  ^^I  at  first  found  it  difficult  to  conceive 
that  the  original  rounded  skull  of  the  Indian  could  be  changed 
into  this  fantastic  form ;  and  was  led  to  suppose  that  the  latter 
was  an  artificial  elongation  of  a  head  remarkable  for  its  length  and 
narrowness.  I  even  supposed  that  the  long-headed  Peruvians 
were  a  more  ancient  people  than  the  Inca  tribes,  and  distinguishe<l 
from  them  by  their  cranial  configuration.  In  this  opinion  I  was 
mistaken.  Abundant  means  of  observation  and  comparison  have 
since  convinced  me  that  all  these  variously  formed  heads  were 
originally  of  the  same  rounded  shape.'' 

In  that  same  final  contribution  to  his  favorite  science,  Dr.  Mor- 
ton's matured  views  on  the  whole  subject  of  the  cranial  type  of 
the  American  continent — based  on  the  additional  evidence  accu- 
mulated by  him,  in  the  interval  of  twelve  years  which  elapsed 
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between  the  pablication  of  the  ''Crania  Americana"  and  his  death, — 
are  thus  defined :  '•*•  The  Indian  skull  is  of  a  decidedly  rounded 
form.  The  occipital  portion  is  flattened  in  the  upward  direction, 
and  the  transverse  diameter,  as  measured  between  the  parietal 
bones,  is  remarkably  wide,  and  often  exceeds  the  longitudinal  lineJ* 

It  is  curious  to  observe  in  this  latter  statement  the  evidence  of 
a  careful  and  most  conscientious  observer  allowing  all  the  proofs 
of  varying  physical  type  which  his  own  indefatigable  industr}^  had 
accumulated,  to  be  subordinated  to  this  foregone  conclusion.  Here 
Dr.  Morton  must  have  had  in  view  his  theoretical  type,  rather  than 
the  results  of  his  own  careful  observations,  for  even  if  he  accepted 
as  evidence  the  artificially  abbreviated  and  flattened  skulls,  his 
''Crania  Americana"  furnishes  only  one  exceptional  example,  from 
a  mound  on  the  Alabama  river  (PI.  LIV),  of  which  he  sa^'s : 
"It  is  flattened  on  the  occiput  and  os  frontis  in  such  a  manner  as 
to  give  the  whole  head  a  sugar-Ion f  or  conical  form,  whence  also 
its  great  lateral  diameter  and  its  narrowness  from  back  to  front." 
Tlie  idea  had,  in  fact,  received  nearly  universal  acceptance  that 
the  European  immigrants  of  the  fifteenth  and  subsequent  centuries 
intruded  upon  races  of  wholly  distinct  origin  from  themselves,  and 
were  displacing  the  true  American  autocthones,  with  whom  they 
bad  nothing  in  common. 

When  Prior  Fernando  de  Talavera  of  Salamanca  summoned  a 
meeting  in  the  Convent  of  San  Estebdn,  in  the  year  1487,  to  take 
into  consideration  the  proposition  of  Columbus  that  the  earth  was 
not  a  plane,  but  a  sphere ;  and  that,  by  sailing  in  a  western  course, 
land,  which  he  assumed  must  be  the  most  eastern  coast  of  Asia, 
would  be  reached :  the  assembled  philosophers  and  theologians 
gravely  pronounced  the  idea  of  the  earth's  spherical  form  hetero- 
dox, and  a  belief  in  antipodes  incompatible  with  the  historical 
traditions  of  our  faith ;  since  to  assert  that  there  were  inhabited 
lands  on  the  opposite  side  of  the  globe,  would  be'^  to  maintain  that 
there  were  nations  not  descended  from  Adam,  it  being  impossible 
for  them  to  have  passed  the  intervening  ocean  I 

We  smile  at  the  orthodox  philosophers  and  theologians  of  the 
fifteenth  century,  who,  with  the  help  of  St.  Jerome  and  St.  Aug- 
ustine, proved  this  western  hemisphere  of  ours  to  be  an  impossi- 
bility ;  yet  it  is  curious  to  detect  the  same  old  prejudices  uncon- 
sciously influencing  the  minds  of  some  of  the  acutest  men  of 
science  in  very  recent  years.    What  else  was  it,  if  not  this  "  im- 
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possibility  for  them  to  have  passed  the  intervening  ocean,"  or  in 
other  words,  to  have  sprung  from  the  same  stock,  which  led  one 
of  our  own  most  valued  associates,  the  late  Professor  Agassiz  — 
a  scientific  observer  of  rare  sagacity  and  experience,  and  one  who 
regarded  the  entire  question  of  American  ethnology  from  a  point 
of  view  peculiarly  his  own, — to  adopt  the  conclusions  of  Dr.  Mor- 
ton, in  spite  of  the  palpable  inconsistency  of  the  evidence  which  he 
was  so  well  qualified  to  estimate  at  its  true  worth  ?  In  his  ^^Sketch 
of  the  Natural  Provinces  of  the  Animal  World,  and  their  relation 
to  the  different  Types  of  Man,*'  while  appealing  to  the  results  ar- 
rived at  by  Dr.  Morton,  in  reference  to  the  imagined  unity  of  the 
whole  American  aborigines  as  ^'a  single  race,''  he  reaffirms  the 
homogeneous  characteristics  and  ethnic  insulation  of  the  American 
Indian  on  entirel3'  novel  grounds.  After  defining  the  evidence  on 
which  his  general  conclusion  is  based,  that  the  boundaries  within 
which  the  different  natural  combinations  of  animals  arc  circum- 
scribed on  the  surface  of  the  earth  coincide  with  the  natural  range 
of  distinct  types  of  man,  he  proceeds  to  show  that  America,  in- 
cluding both  its  northern  and  southern  continent,  differs  essentially 
from  Europe  and  Asia,  or  Africa,  in  being  characterized  throughout 
by  a  much  greater  uniformity  in  all  its  natural  productions,  than 
comparison  enables  us  to  trace  in  the  Old  World.  lie  then  adds : 
**With  these  facts  before  us,  we  may  expect  that  there  should  be  no 
great  diversity  among  the  tribes  of  man  inhabiting  this  continent ; 
and  indeed  the  most  extensive  investigation  of  their  peculiarities 
has  led  Dr.  Morton  to  consider  them  as  constituting  but  a  single 
race,  from  the  confines  of  the  Esquimaux  down  to  the  southenimost 
extremity  of  the  continent.  But,  at  the  same  time,  it  should  be  re- 
membered that,  in  accordance  with  the  zoological  character  of  the 
whole  realm,  this  race  is  divided  into  an  infinite  number  of  small 
tribes,  presenting  more  or  less  difference  one  from  another." 

It  is  interesting  thus  to  recall  the  matured  opinions  of  this  leader 
of  scientific  thought  among  ourselves  in  very  recent  years,  and 
review  them  now  in  the  light  of  the  great  revolution  since  wrought 
in  the  entire  compass  of  ethnical  and  biological  science.  The 
author  of  the  '*  Indigenous  Races  of  Men"  scornfully  assailed  "  the 
Monogenists'  idea"  of  a  unity  of  race,  and  summed  up  the  prac- 
tical results  which  to  him  appeared  to  be  settled  bej'ond  farther 
cavil,  with  this  fancied  demonstration  :  "It  has  been  shown,  1st, 
that  in  America,  humatile  men  and  humatile  monkeys  occupy  the 
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Bame  palseoniological  zones.  2nd,  That  whilst  all  siieh  remains 
of  man  are  exclusively  of  the  American  Indian  type,  the  monkeys 
called  Ilapakj  Cebus,  CalUthrix^  etc.,  are  equally  'terrae  geniti'  of 
this  continent.  .  .  Finall}*,  that  jpe?7?iawenc€o/ ^ypc,  as  well  for 
humanity  as  for  simiadie,  is  firmly  established  in  both  genera,  from 
the  hour  in  which  we  are  living,  back  to  a  vastly  remote,  if  not  in- 
calculable, era  of  unrecorded  time."  To  the  evolutionist  of  our 
own  day,  the  very  result  of  such  reasoning  is  to  lead  to  ideas  of 
unity  of  origin  vastly  more  comprehensive  than  that  which,  within 
a  period  so  very  recent,  was  thus  rejected  as  wholly  incompatible 
with  deductions  from  much  industriously  accumulated  evidence. 

It  is  curious,  indeed,  to  endeavor  now  to  realize  to  ourselves 
what  distinct  idea  was  present  in  the  mind  of  Agassiz  when  he  ap- 
portioned his  essentially  diverse  types  of  man  to  their  specific 
*' natural  provinces;"  or  what  Dr.  Morton  conceived  in  his  own 
mind  when,  after  afllrming  one  of  the  three  propositions  which 
he  believed  himself  to  have  established,  to  be  '*that  the  American 
nations,  excepting  the  polar  tribes,  are  of  one  race  and  one  species, 
but  of  two  great  families,  which  resemble  each  other  in  physical, 
but  differ  in  intellectual  character:"  he  fancied  that  any  dilficult)', 
arising  from  such  physical  diversities  as  it  was  impossible  for 
even  him  entirely  to  ignore,  could  be  removed  by  advancing  the 
hypothesis,  that  ^^  these  races  originated  in  nations^  and  not  in  a 
single  pair ;  thus  forming  proximate  but  not  identical  species." 
The  only  thing  which  is  at  all  clear  is  the  assumption  of  what  may 
be  called  a  gregarious  creation  :  the  summoning  into  existence,  by 
some  unknown  process,  or  creative  fiat,  of  an  entire  race,  or  nation, 
at  the  first  peopling  of  this  New  World  with  its  own  specific  abo- 
rigines, ''essentially  different  from  the  rest  of  mankind." 

But  Malte  Brun  and  Robertson,  Humboldt,  Morton,  Meigs, 
Gliddon  and  Agassiz,  all  concur  in  excepting  the  polar  tribes,  or 
Eskimo,  from  the  assumed  American  race  peculiar  to  this  conti- 
nent. Latham  says  of  the  Eskimo :  ''physically  he  is  a  Mongol 
and  Asiatic ;  philologically  he  is  American,  at  least  in  respect 
to  the  principles  upon  which  his  speech  is  constructed."  But 
whencesoever  we  may  derive  them,  they  too  are  ancient  and  widely 
scattered  occupants  of  the  strange  inhospitable  region  appropriated 
to  themselves.  One  branch  of  them,  the  Labrador  Eskimo,  borders 
CD  our  own  Eastern  settlements  on  the  St.  Lawrence :  be3'ond  these 
are  the  East  and  the  West  Grecnlanders,  including  the  natives  of 
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the  Danish  trading  settlements.  To  the  north  of  them  are  the 
Eskimo  of  tlie  west  coast,  north  of  Melville  Bay,  styled,  by  Sir 
John  Ross,  the  "Arctic  Highlanders."  But  their  extreme  northern 
limits  have  3'et  to  be  determined.  The  most  advanced  arctic  ex- 
plorers have  either  come  in  contact  with  the  natives,  or  found 
traces  of  their  habitation  ;  and  their  habits  and  indifference  to  the 
cxtremest  rigor  of  the  climate,  justify  the  assumption  that  only  the 
absence  of  game  will  restrict  the  limits  of  their  habitat.  They  oc- 
cupy the  whole  coast  regions  of  Behring  Strait ;  and  extend  bejond 
that  to  the  islands  and  neighboring  continent,  westward  even  to 
the  shores  of  northeastern  Siberia.  The  collection  formed  by  Pro- 
fessor Nordenskeold  in  his  Vega  expedition  —  part  of  which  was 
exhibited  at  Edinburgh  during  the  present  year, —  includes  an  in- 
teresting series  of  implements  used  by  the  Chukches  of  Sibena 
and  the  Asiatic  Eskimo  in  fishing  and  hunting.  They  employ  the 
same  kind  of  harpoon  for  hunting  the  walrus  ;  use  a  long  spear  of 
nearly  the  same  fashion,  general I3'  furnished  now  with  an  iron 
head,  for  hunting  the  bear ;  while  their  arrows  are  still  pointed 
with  walrus  ivory.  Such  traces  alike  of  community  of  arts  and  of 
race,  within  the  arctic  circle  of  the  Asiatic  and  Amencan  conti- 
nents, and  even  extending  to  Europe,  show  that,  whatever  may 
have  been  the  ancient  lines  of  migration,  the  overflow  in  later 
centuries  across  Behring  Strait  has  been  from  the  American  con- 
tinent westward  into  the  Old  World. 

This  widely  scattered  race,  though  corresponding  in  ethnical 
character,  is  broken  up,  b}'  the  exigencies  of  their  rigorous  climate 
into  small  tribes  and  isolated  bands,  dispersed  for  the  most  part 
over  a  coast  line  extending  from  Labrador  to  Behring  Strait  up- 
ward of  5,000  miles,  and  migrating  with  the  animals  on  which 
they  depend  for  subsistence.  Thej'  are  hunters  and  fisher?.  The 
deer,  the  polar  bear,  the  wild  goose,  swan,  and  other  birds  that 
resort  to  arctic  breeding  grounds,  are  alike  objects  of  the  chase; 
but  they  primarily  depend  on  seals  and  cetaceous  animals,  the 
blubber  of  which  furnishes  food  calculated  to  beget  the  animal 
heat  which  enables  them  to  brave  the  severity  of  an  arctic  cli- 
mate. Eskimdntzik  appears  to  be  an  Abenaki  term  signifying 
"eaters  of  raw  fiesh ;"  and  as  such  indicates  the  surprise  with 
which  even  the  Indian  nomads  of  New  England  viewed  the  strange 
habits  of  the  hyperborean  hunters  with  whom  they  were  occasion- 
ally brought  into  contact.    The  Eskimo,  however,  is  neither  ignor- 
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ant  of  the  use  of  fire,  so  indispensable  to  him  in  his  rigorous  climate ; 
nor  is  he  an  exception  to  the  fitting  definition  of  man  as  ^^  the 
Cooking  Animal ;"  though  in  his  peculiar  condition  of  exposure  to 
an  arctic  winter,  raw  blubber  is  at  once  a  necessity  and  a  luxury. 

In  one  respect,  as  already  indicated,  the  Eskimo  occupy  a 
peculiar  position  on  this  continent*  TBey  are  the  only  race  com- 
mon to  the  Old  and  the  New  World  ;  and,  if  we  accept  the  con- 
clusion arrived  at  by  the  author  of  "Early  Man  in  Britain,"  they 
constituted  an  Old  World  race  to  all  appearance  before  this  New 
World  had  come  into  existence.  The  cave  men  of  Europe's  palse- 
olithic  era,  the  contemporaries  of  the  mammoth,  and  other  long- 
extinct  mammals  of  central  Europe,  have  naturally  excited  ah  un- 
wonted interest,  as  their  arts  and  their  remains  have  been  brought 
to  light  in  recent  years.  A  people  of  lowest  type,  as  illustrated  by 
the  famous  Neanderthal  skull,  that  of  the  Forbes  quarry  near  Gib- 
raltar, and  of  the  Gourdon  grotto,  with  some  imperfect  traces  of 
others,  all  classed  under  the  common  term  of  "The  Canstadt 
race,"  is  now  assumed  to  represent  the  earliest,  if  not  indeed  the 
primaeval  man  of  ancient  Europe.  So  far  as  rudest  fiint  imple- 
ments afford  any  evidence  of  his  condition,  we  might  class  him 
with  the  Bosjesman,  the  Australian,  or  the  Patagonian  of  our  own 
da3'.  The  evidence,  however,  in  proof  of  the  existence  of  this 
Canstadt  savage  race  of  palteolithic  Europe,  rests  as  yet  on  insuf- 
ficient grounds.  Curiously,  indeed.  Professor  De  Quatrefagcs  has 
drawn  attention  to  the  fact  that  not  only  are  beads  of  the  Neander- 
tlial  type  to  be  met  with  in  modern  Europe,  in  some  examples  per- 
taining to  men  of  exceptional  intelligence ;  but  the  skull  of  Saint 
Mansuy,  Bishop  of  Toul,  of  the  fourth  century,  surpasses  the 
Neanderthal  cranium  in  some  of  its  most  simian  features ;  and  that 
of  the  sagacious  and  politic  hero  of  Scottish  independence,  Robert 
the  Bruce,  "  is  a  reproduction  of  the  Canstadt  type." 

But  however  uncertain  our  conclusions  may  as  yet  be  relative 
to  this  assumed  primaeval  European  type,  there  is  no  doubt  as  to 
the  Cro-magnon  race  of  the  reindeer  period  of  southern  France. 
Examples  have,  indeed,  by  no  means  been  confined  to  that  area. 
The  Enghis  skull  was  found,  with  other  human  remains,  embedded 
in  a  breccia  along  with  teeth  of  the  fossil  mammoth,  rhinoceros, 
horse,  and  reindeer,  in  a  cavern  on  the  left  bank  of  the  Meu»e ; 
and  the  Men  tone  cave,  to  the  south  of  the  Alps,  disclosed  an  tin- 
disturbed   sepulchre  of  the  same  ancient  hunter  race.      But  a 
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special  interest  attaches  to  the  remains  brought  to  light  in  1858,  in 
the  rock  shelter  of  Cro-magnon,  in  the  valley  of  the  Vesere.  Three 
men,  a  woman  and  a  chiUl,  had  all  been  buried  in  the  cave.  From 
their  remains  it  is  seen  that  the  race  was  unusually  tall,  and  bore 
equally  little  resemblance  to  the  Neanderthal  or  ^^  Canstadt" 
type,  or  to  the  modern  £skimo.  The  best  preserved  skulls — 
those  of  an  old  man  and  a  woman, — are  finely  proportioned,  with 
large,  high  foreheads,  and  great  cerebral  capacity.  M.  Broca 
stated  that  of  the  man  to  be  fully  1590  cubic  centimetres,  or  96.99 
cubic  inches ;  and  Dr.  Pruner-Bey  says  of  two  of  the  male  skulls 
and  that  of  the  female,  they  '*  have  a  cranial  capacity  much 
superior  to  the  average  of  the  present  da}'."  It  may  remind  us 
of  Mr.  Alfred  Russel  Wallace's  remark  that  ''  natural  selection 
could  only  have  endowed  savage  man  with  a  brain  a  little  supe- 
rior to  that  of  an  ape,  whereas  he  actually  possesses  one  very 
little  inferior  to  that  of  a  philosopher." 

Whatever  differences  of  opinion  affect  the  deteimination  of  the 
probable  age  of  the  Cro-magnon  race,  they  unquestionably  pertain 
to  a  period  so  remote  that  the  very  earliest  historical  traces  of  man 
in  southern  France  scarcely  seem  to  bring  us  any  nearer  to  tiie 
period  which  they  represent.  Their  physical  characteristics  have, 
therefore,  a  special  significance.  The  skulls  are  dolichoc«'^phalic, 
with  the  frontal  bone  high  and  well  arched,  a  graceful  fronto- 
occipital  curve, and  well-balanced  symmetrical  proportion  through- 
out. The  profile  of  the  old  man  indicates  an  expressive  contour, 
the  face  long,  the  nose  very  prominent,  and  the  frontal  sinuses  but 
slightly  developed  for  a  male.  The  full  face  presents  a  well-pro- 
portioned oval,  with  pointed  chin.  The  one  feature  detracting 
from  its  otherwise  attractive  expression  would  seem  to  have  been 
the  unique  character  of  the  long  and  narrow  eyes,  as  indicated  by 
the  unusual  form  of  the  orbits.  At  the  same  time  it  is  to  be  noted 
that  this  well  proportioned  head  bears  ample  evidence  of  the  ex- 
posed life  of  the  wild  hunter.  The  features  are  rugged,  as  of  one 
subject,  through  a  long  life,  to  all  the  hardships  of  a  rigorous  cli- 
mate ;  and  numerous  strongly  marked  impressions  of  musculai*  in- 
sertions accord  with  the  conditions  of  savage  life. 

This  is  the  type  of  an  altogether  remarkable  prehistoric  people, 
the  artistic  race  of  the  palaeolithic  era,  to  whoso  skill  we  owe  the 
contemporary  etchings  and  carvings  of  the  mammoth,  the  fossil 
horse,  the  reindeer,  and  other  mammals  of  that  strangely  remote 
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era,  when  the  conditions  of  life  in  soulliern  France  most  nearly 
resemMed  those  of  Rupert's  Land  or  Labrador  at  the  present  day. 
Some  of  their  artistic  efforts  embrace  vegetable  as  well  as  animal 
life  ;  and  in  their  graphic  outlines,  there  is  a  freedom  of  handling, 
an  eye  for  perspective,  and  even  what  may  truly  be  called  an 
inventive  skill,  altogether  remarkable  in  a  people  ignorant  of 
uictalhii'gy,  and  living  in  the  condition  of  rudest  hunter  life. 

Such  are  the  characteristics  of  the  cave  men  recovered  from  the 
rock-shelter  of  Cro-magnon,  in  the  valley  of  the  Vesere,  l^'ing 
ul)ovc  the  long  accnmulated  debris  which  proved  the  palieolithic 
era  of  its  occupants.  These  ancient  hunters  of  the  Garonne  and 
the  P^'renees,  the  contemporaries  of  the  mammoth  and  other 
extinct  mammals,  and  of  the  grizly  bear,  musk-sheep,  reindeer, 
and  other  species  now  existing  only  in  extreme  northern  latitudes, 
bad  occupied  the  cave  throughout  a  prolonged  period.  The  char- 
coal deposits  prove  the  kindling  of  their  fires  through  long  series  of 
years  ;  with  recurring  intervals  of  considerable  duration.  Inter- 
mingled with,  and  overl^'ing,  the  beds  of  charcoal,  are  flint  imple- 
ments, broken  bones,  and  the  like  debris  of  a  savage  hunter's 
dwelling:  in  this  respect  presenting  considerable  resemblance  to 
the  site  of  an  Eskimo  settlement.  Those  accumulations  went  on 
until  the  cave  was  filled  up  so  nearly  to  the  roof  that  the  hunter 
could  no  longer  even  crawl  into  it  for  shelter ;  and  then  it  was 
devoted  to  its  final  use  as  a  place  of  sepulture.  Had  the  human 
remains  recovered  under  such  circumstances  been  characterized  by 
extreme  development  of  the  superciliary  ridges,  a  low,  narrow, 
retreating  forehead,  and  other  brutish  characteristics  assigned  to 
the  ^'Canstadt  race,"  there  would  probably  have  been  no  question- 
ing tiie  assumption  that  in  them  we  have  the  type  of  the  earlier 
Palseolithic  occupants  of  the  cave  :  the  artistic  hunters,  to  whose 
skill  we  owe  the  spirited  life-sketch  of  the  mammoth  found  in  the 
neighboring  La-Madelaine  Cave,  engraved  on  a  plate  of  mammoth 
ivoiy.  But  the  hypothesis  adopted  by  Professor  Boyd  Dawkins 
that  the  clew  to  the  ethnology  of  the  palaeolithic  race  of  the  Caves 
is  recovered  by  the  identification  of  the  ancient  tool-makers  with 
the  Eskimo,  could  only  be  maintained  by  assigning  the  human  re- 
mains to  a  later  age  than  the  underlying  debris.  He  accordingly 
rejects  the  opinion,  so  consistent  with  the  general  evidence  which 
lias  satisfied  M.  M.  Lartct,  Hamy,  De  Quatrefages,  and  other 
eqnal]}'  qualified  judges,  that  in  the  old  man  of  Cro-magnon  we 
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have  the  type  of  the  palseolithic  race  contemporary  with  the 
inainmoth:  the  artistic  sculptors  and  draftsmen  of  that  remote 
European  era. 

In  discussing  the  fascinating  idea  which  would  recover,  in  the 
hyperboreans  of  our  own  nortliern  frontiers,  the  men  of  tbe 
same  migratory  race  that,  before  the  close  of  the  pleistocene  age, 
followed  the  musk-sheep  and  the  reindeer  into  their  northern  haunts, 
Professor  Dawkins  reviews  the  manners  and  habits  of  the  Eskimo, 
a  race  of  hunters,  fishers,  and  fowlers,  accumulating  round  their 
dwellings  vast  refuse  heaps  similar  to  those  of  the  cave-men  of 
ancient  Europe.  The  implements  and  weapons  of  both  do  indeed 
prove  that  their  manner  of  life  was  the  same  ;  and  as  he  notes  the 
use  at  times  by  the  Eskimo  of  fossil  mammoth  ivory  for  the  han- 
dles of  tlicir  stone  scrapers,  he  adds  :  '^itis  very  possible  that  this 
habit  of  the  Eskimos  mav  have  been  handed  down  from  the  late 
pleistocene  times."  But  what  strikes  him  as  ^^  the  most  astonishing 
bond  of  union  between  the  cave-men  and  the  Eskimos  is  the  art 
of  representing  animals  ;"  and  after  noting  those  familiar  to  both, 
along  with  tlie  correspondence  in  their  weapons,  and  habits  as 
hunters,  he  says:  "all  these  points  of  connection  between  the 
cave-men  and  the  Eskimos  can,  in  my  opinion,  be  explained  only 
on  the  hypothesis  that  they^  belong  to  the  same  race." 

The  h^'pothesis  is  a  bold  one  wliich  would  thus  assign  to  the  rude 
arctic  hunters  of  this  continent  a  pedigree  and  lineage  compared 
with  which  that  of  the  Pharaohs  is  but  of  yesterday.  To  the  ge- 
ologist who  fully  realizes  all  that  is  implied  in  the  slow  retreat  of 
the  palflBolithic  race  of  the  valley  of  the  V6sere  over  submerging 
continents  since  ingulfed  in  the  Atlantic,  and  through  changing 
glacial  and  sub-glacial  ages,  to  their  latest  home  on  the  verge  of 
the  pole,  the  time  may  suffice  for  any  amount  of  change  in  the 
ph3'sical  characteristics  of  the  race.  But  if  these  have  vanished 
how  is  the  lineal  descendant  of  the  palaeolithic  cave-men  to  be 
identified?  Not  by  mere  imitative  art;  for  that  is  common  to 
many  widely  dissimilar  races  of  the  American  continent.  Profes- 
sor Dawkins  says  truly  of  the  cave-man,  "he  possessed  a  singular 
talent  for  representing  the  animals  he  hunted ;  and  his  sketches 
reveal  to  us  that  he  had  a  capacity  for  seeing  the  beauty  and  grace 
of  natural  form  not  much  inferior  to  that  which  is  the  result  of 
long-continued  civilization  in  ourselves,  and  very  much  higher  than 
that  of  his  successors  in  Europe  in  the  Neolithic  age.    The  hunter 
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who  was  both  artist  and  sculptor,  who  reproduced  with  his  imper- 
fect means  at  one  time  foliage,  at  another  the  quiet  repose  of  a 
reindeer  feeding,  has  left  behind  the  proof  of  a  decided  advance 
in  culture,  such  as  might  be  expected  to  result  from  the  long  con- 
tinuance of  man  on  the  earth  in  the  hunter  state  of  civilization/' 
All  this  is  correct  in  reference  to  the  art  of  the  Cro-magnon  car- 
vers and  engravers,  and  seems  in  full  accordance  with  the  fine 
heads  and  great  cerebral  development  of  the  ancient  race ;  but  it 
would  be  gross  exaggeration  if  applied  to  such  conventional  art  as 
the  Eskimo  arrow-straightener  which  Professor  Dawkins  figures, 
with  its  formal  row  of  reindeer  and  their  grotesque  accessories. 
The  same  criticism  is  equally  applicable  to  numerous  other  speci- 
mens of  Eskimo  art,  and  to  similar  Innuit,  or  western  Eskimo  rep- 
resentations of  hunting  scenes,  such  as  those  figured  by  our 
associate  Mr.  William  H.  Dall,  in  his  ^^  Alaska,"  which  he  de- 
scribes as  ^^  drawings  analogous  to  those  discovered  in  France  in 
the  caves  of  Dordogne." 

The  imitative  faculty  and  artistic  skill  of  the  old  Mound- 
builder  race  are  very  familiar  to  us ;  and  have  furnished  valuable  evi- 
dence of  a  knowledge  by  them  of  a  tropical  fauna,  including  ani- 
mals of  the  southern  continent,  suggestive  of  the  probable  direc- 
tion of  their  own  migrations,  and  their  consequent  aflSnity  to 
southern  races.  Within  our  own  Canadian  Dominion  the  arts 
of  the  Queen  Charlotte  islanders  are  no  less  worthy  of  note. 
Their  curiously  conventional  style  is  shown  alike  in  their  idols, 
or  manitous,  elaborately  carved  in  black  argillaceous  stone,  and 
in  the  corresponding  decorations  of  their  lodges.  In  front  of  each 
Haida  dwelling  stands  an  ornamented  column  formed  in  many 
cases  of  the  trunk  of  a  tree  large  enough  to  admit  of  the  door- 
way being  cut  through  its  substance.  This  column,  or  obelisk,  is 
carved  throughout  its  whole  length  in  their  peculiar  conventional 
8tyle  of  ornamentation,  suggestive  at  times  of  affinities  to  Pe- 
ruvian sculpture  ;  or,  again,  of  borrowed  art  of  possible  Japanese 
origin.  But  already  the  imitative  faculty  of  the  Ilaida  artist  leads 
him  to  revert  to  European  models  ;  his  traditional  patterns  and  de- 
vices will  speedily  be  among  the  lost  arts  of  this  continent,  and  the 
race  itself,  it  is  to  be  feared,  is  doomed  to  speedy  extinction.  All 
the  more  argent  is  it  that  no  time  shall  be  lost  in  the  accumulation 
of  every  available  fact,  and  illustrative  specimen  of  their  curious 
art.     Already  a  valuable  contribution  to  this  has  been  furnished  in 
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Dr.  George  M.  Dawson's  ''Report  on  the  Queen  Charlotte  Islands," 
published  as  one  of  the  Reports  of  the  Geological  Survey  of  Can- 
ada. 

The  Tawatin  Indians  on  the  Fraser  River  work  with  no  less  in- 
genious skill,  and  in  a  likest^'le  of  combined  imitative  and  conven- 
tional art,  suggestive  at  times  of  curious  analogies  to  some  of  the 
finished  sculptures  of  Yucatan.  Some  of  their  ivory  carvings  are 
executed  with  a  minute  delicacy  of  workmanship  such  as  no  Eskimo 
carver  could  surpass  ;  but  with  the  same  kind  of  conventional  or- 
namentation as  is  in  use  by  the  Haida  artists,  strongly  suggestive 
of  inherited  modes  of  thought,  and  traces  of  intercourse  or  re- 
lationship with  the  ancient  civilized  races  of  Central  America. 

There  is    thus  no  need   to  assume  for  the  imitative   arts  of  the 
New  World  a  European  source  in  the  remote  dawn  of  pleistocene 
times.     Nor  is  the  identity  discernible  between  certain  harpoons 
and  other  implements  of  the  ancient  hunters  of  Central  Europe  and 
those  of  the  arctic  Americans  of  our  own  day  much  more  demon- 
strative of  derived  arts  or  community  of  race.    Within  the  compara- 
tively narrow  range  of  needful  weapons  or  implements,  the  cor- 
respondence notable  between   some  of  those  of  the  pala3olilbic 
cave-men  and  of  the  Eskimo  amounts  to  little  more  than  what  is 
seen  in  flint  arrowheads,  stone  hammers,  and  the  more  common 
primitive  tools  of  all  kinds,  executed  under  nearly  similar  condi- 
tions of  life.     ''The  absence  of  pottery"  proves  little  moi'e  than 
the  absence  of  tropical  vegetation  ;   for  both  were  nearly  equally 
impossible  under  the  conditions  of  climate.     The  preference  for 
bone  and  ivory  as  the  materials  for  their  arts  is  equally  due  to 
climatic  conditions  which  render  rock  and  flint  generally  inacces- 
sible throughout  the  greater   part  of  the  year.      The  points  of 
agreement  are,  in  truth,  little  more  than   are  to  be   anticipated 
among  savage  tribes  living  under  similar  conditions  of  climate. 

If,  however,  the  skulls  of  the  Cro-raagnon  cave-men  resembled 
those  of  the  Eskimo,  or  the  underlying  debris  revealed  any  traces 
of  cnmia  of  the  Eskimo  type,  there  would  then  be  good  reason 
for  giving  consideration  to  the  bearing  of  any  supplementary  evi- 
dence depending  on  correspondence  in  arts,  usages  and  habits. 
But  neither  the  Cro-inagnon  cave,  nor  any  other  of  the  caverns 
of  the  district,  otherwise  so  rich  in  archaeological  and  palaeonto- 
logical  traces,  has  yielded  the  needful  evidence.  The  contrast 
between  the  large,  well  developed  Cro-magnon  race  and  the  stunted, 
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almost  dwarfish  Eskimo  at  once  attracts  attention.  But  mnch 
greater  difference  in  stature  would  find  ready  solution  in  the  priva- 
tions of  an  arctic  habitat  prolonged  through  unnumbered  ages. 
The  notable  fact,  however,  is  the  absolute  contrast  in  every  respect. 
The  Eskimo  physiognomy  is  of  a  poor  Mongolian  type.  The  nose 
is  flat,  and  the  cheek  bones  are  very  prominent ;  the  tendency  in 
the  skull  is  towards  an  acrocephalic  form,  narrow  and  long,  with  the 
parietal  bones  frequently  meeting  at  an  angle  at  the  sagittal  su- 
ture. The  one  possible  point  of  resemblance  that  could  be  sug- 
gested with  any  acceptance  would  be  the  e^'e,  which  in  the  Eskimo 
seems  often  nan-ow  and  oblique.  This,  however,  maj'  be  apparent 
onl}',  traceable  to  the  habits  of  a  people  one-half  of  whose  year  is  an 
unbroken  midnight ;  and  who  grope  in  the  darkness  of  their  ob- 
scurel}''  lighted  snowhuts.  Certain  it  is  that  the  long,  narrow  orbits 
of  the  Cro-magnon  skulls  are  not  represented  in  the  modern  crania. 
Sufl9ciently  extensive  opportunities  of  studying  the  Eskimo  cra- 
nium have  come  within  my  reach  to  afford  me  some  fair  means 
of  forming  an  idea  of  the  predominant  type.  In  1862,  through 
the  kind  services  of  the  late  Dr.  J.  Aitken  Meigs,  I  enjoyed 
the  advantage  of  carefully  examining  a  series  of  one  hundred 
and  twenty-five  skulls,  obtained  by  Dr.  Hayes  during  his  Arctic 
explorations,  and  making  drawings  of  some  of  the  most  marked 
examples.  I  have  also  examined  and  taken  careful  measurements 
ofother  examples  including  Western  Eskimo,  Innuit,  and  Tschukt- 
chi  crania,  in  the  collections  at  Washington.  With  the  resulting 
impressions  in  mind,  it  is  impossible  to  look  on  casts  of  the  large 
and  finely  developed  Cro-magnon  skulls  now  in  my  possession 
without  being  struck  with  the  extreme  contrast  between  them  and 
the  Eskimo  crania.  No  wonder  that  they  prove  a  stumbling  block 
to  evolutionists,  who  look  for  something  of  a  totally  opix>site 
character  in  the  Troglodytes  of  the  palsBolithic,  or  pleistocene  age. 
M.  M.  Lartet,  Hamy,  De  Quatrefages,  the  editors  of  the  Reliquice 
AquitaniccB,  and  other  equally  competent  authorities,  have  ha:i  no 
difficulty  in  accepting  the  evidence  that  the  reindeer  hunters  of  the 
Vesere  lay  there  intombed  in  the  cave  which  had  so  long  been  a 
slielter  to  men  of  the  same  race.  Had  the  Neanderthal  skull  been 
found  under  similar  circumstances,  no  doubt,  founded  on  its  lower 
cerebral  capacit}',  would  have  interfered  to  prevent  its  recognition 
as  the  type  of  the  artist  race  to  which  we  owe  the  life-picture  of  the 
mammoth.     But  Professor  Dawkins  not  only  notes  that  the  human 
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remains  were  deposited  in  an  abandoned  palseolithic  cave,  when  it 
had  been  nearly  filled  up  with  the  accumulated  debris  of  successive 
occupants ;  but  he  assigns  the  remains  to  the  later  Neolithic  age, 
notwithstanding  the  absence  of  any  accompanjing  relics  of  the 
art  of  the  polished  stone  period. 

But  I  have  already  exceeded  the  reasonable  limits  of  an  ad- 
dress to  this  Section  of  Anthropology,  and  must  leave  unnoticed 
various  further  points  in  reference  to  the  aborigines  of  the  Do- 
minion, illustrative  alike  of  the  physical  characteristics  of  our  native 
Canadian  tribes,  and  of  some  special  points  of  significance  in 
relation  to  their  arts.  One  deduction,  however,  may  be  worthy  of 
future  consideration.  If  it  be  a  fact  borne  out  by  much  independ- 
ent evidence,  that  from  the  extremest  northern  range  of  the 
arctic  Eskimo,  southward  to  the  Great  Lakes,  and  beyond  this, 
especially  to  the  east  of  the  Alleghany  Mountains,  amid  consid- 
erable diversity  of  ethnical  characteristics,  the  dolichocephalic  type 
of  head  prevailed  ;  whereas  among  more  southern  tribes,  such  as 
the  Osages,  Ottoes,  Missouris,  Dacotas,  Cherokees,  Seminoies, 
Creeks,  and  many  others,  including  the  Florida  Indians,  the  short, 
rounded,  or  brachy cephalic  head  appears  to  have  been  universal : 
this  seems  to  point  to  a  convergence  of  two  distinct  ethnical  lines 
of  migration  from  opposite  centres.  In  this,  as  I  believe,  the  evi- 
dence  thus  derived  from  physical  characteristics  confirms  what 
is  indicated  by  wholly  independent  evidence  of  language,  tradi- 
tional customs,  and  native  arts. 
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N0TB8  ON  Mount  Atlas  and  its  Traditions.    By  B.  6.  HALf- 
BUBTON,  of  Ottawa,  Canada. 

[ABSTRACT.] 

In  Dec,  1881,  to  while  away  the  time  at  Tangier,  where  con- 
tinaous  east  winds  for  weeks  kept  invalids  within  doors,  I  turned 
my  attention  to  the  traditions  and  folklore  of  the  natives  of  Maroeco. 
The  field  was  represented  as  a  barren  one.  I  was  told  that  the 
country  was  inhabited  mainly  by  the  Berbers  (or  Barbars,  whence 
the  name  Barbary)  ;  that,  though  composed  of  different  tribes,  they 
spoke  substantially  the  same  language  ;  and  that  having  adopted 
the  religion  of  Islam,  they  had  forgotten  their  old  traditions  and 
superstitions.  The  Rifflans,  known  still  in  history  as  the  Riff 
pirates,  inhabit  the  northern  portions  of  Mount  Atlas.  To  the 
south  of  that  mountain  is  a  tribe  of  excellent  artificers  in  brass 
and  copper,  called  Shelluhs,  Shilhas  or  Silhachs,  who  inhabit 
the  province  of  Sus,  and  are  therefore  called  Susis.  There  are 
other  tribes  still  farther  south. 

It  soon  leaked  out  that  the  faith  of  Islam  sits  very  lightly  on 
some  of  the  Susis,  and  that  many  of  them  really  have  no  religion, 
or  have  some  ancient  superstitions  which  they  preserve  in  secret. 
Whether  they  really  believe  the  myths  and  traditions  which  they 
repeated  to  me,  or  merely  regard  them  as  our  peasants  do  their 
fairy  tales  and  folklore,  it  is  hard  to  decide.  One  of  them  told  me 
he  was  not  sure  that  he  was  not  as  much  of  a  Christian  as  of  a 
Mohammedan — a  statement  that  if  overheard  by  the  Moors  might 
have  cost  him  his  life. 

I  made  careful  inquiries  from  several  Rifflans,  a  Maltese  who 
had  travelled  in  the  interior  of  Africa,  disguised  as  a  Moor, 
the  town  time-keeper  or  astronomer  at  Tangier,  some  Jews  of 
Casablanca  and  Ophran,  two  Susis  at  Tangier,  and  one  at  Mog- 
ador,  neai'ly  all  of  whom,  though  illiterate,  and  unable  to  read  Ar- 
abic, were  learned  in  oral  tradition  and  Berber  folkloie. 
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The  results  of  my  inquiries  proved  that  there  is  a  maiTclIous 
collection  of  ancient  myths,  legends,  etc.,  among  the  Susis, 
ivhich  carry  us  in  succession  to  Britain,  Greece  and  Rome,  Ph®- 
nicia  and  Egypt,  and  even  to  Babylon,  while  one  verj'  remarkable 
festival  seems  as  if  it  had  reached  them  from  the  Aztecs. 

Tlie  Great  Mother  of  the  Greeks,  Damater,  appeared  as  Ta  Ma- 
to,  "  the  mother,  who  presides  over  the  corn  fields.'*  Ap&lo,  "  a 
good  go<l  who  comes  and  plays  on  a  harp,'*  suggests  the  inqniry, 
is  not  Apalo  the  original  form  of  the  name  of  the  god  Apollo? 

At  certain  intervals,  as  the  Greeks  believed,  Apollo  used  to 
desert  his  shrines,  and  go  far  off  to  the  blessed  Hyperboreans, 
with  whom  he  danced  and  sang  until  the  rising  of  the  Pleiades. 

The  ancient  Greeks  themselves  seem  to  have  regarded  the  Atlas 
country  as  the  favorite  abode  of  Apollo.  Atlas  was  a  Hyper- 
borean, and  the  western  Ethiopians,  who  inhabited  that  country, 
were  also  Hyperboreans,  a  semi-diving  race,  from  whom  the 
Greeks  derived  many  of  their  most  ancient  rites.  It  is  supposed 
that  they  were  called  Hyperboreans  from  their  enjoying  a  climate 
where  the  cold  north  wind  was  unknown,  but  the  same  name  woald 
be  even  more  applicable  to  the  people  of  the  interior  of  Africa. 
I  am  inclined  to  think  that  it  meant  '^  those  who  dwell  bevond 
Borium,"  a  very  ancient  town  on  the  borders  of  Mauritania,  to 
which  I  shall  hereafter  refer. 

A  Susi  described  to  me  a  staff  ornamented  with  ribbons,  which  is 
called  a  Ihuroais  !  The  names  too  of  Mata,  K6ra  and  Zerea,  recall 
that  of  Ceres.  The  ''Great  Mother's  "  imag^  is  bathed  at  the  end  of 
her  festival,  as  it  was  in  the  holy  island  of  the  Germans,  at  the  river 
Almon,  and  in  Athens  at  a  feast  of  Minerva,  which  was  therefore 
called  Plynteria.  We  are  even  reminded  of  a  similar  rite  at  the 
end  of  the  feast  of  the  god  of  agriculture  of  the  Fijians. 

The  god  Adon  is  still  believed  to  have  been  slain  by  a  boar,  and 
heaven  and  earth  all  weep  for  him.  "  He  was  greatly  beloved  by 
Tachal  and  Isai."  It  seems  that  some  festive  dirges,  like  the  Ma- 
neros  of  the  Egyptians,  and  the  Linus  of  the  Greeks,  which  were 
sung  at  their  banquets,  can  still  be  traced  in  the  Accasili  Maneros 
and  the  Wdlinas  of  the  Susis.  Diodorus  Siculus  tells  us  that 
in  the  Atlas  country  a  divine  youth,  Hesperus,  went  up  at 
night  to  the  summit  of  a  mountain  to  study  the  stars,  and  a  great 
wind  carried  him  away.  To  this  day  (I  am  told  by  the  Susis)  "the 
women  go  up  on  the  mountains  with  music,  weeping,  in  their  search 
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for  Walinas.    He  was  the  brother  of  Panis,  an  old  god  who  in- 
vented pipes  called  Kraf  or  Kali  for,  and  who  was  also  called  Itada." 

One  of  the  Susis  asked  rae  if  I  would  like  to  hear  "the  story  of 
the  man  who  wished  to  steal  the  cows,"  and  upon  being  asked  to 
proceed,  retailed  a  familiar  bit  of  classical  mythology :  *'  There 
is  a  great  mountain  in  the  sea,  where  there  were  300  cows  the 
property  of  Gerj'on,  and  when  the  sun  set  they  used  to  appear. 
It  was  a  very  rich  place,  and  a  navigator,  who  wished  to  steal  the 
cows,  sailed  thither,  and  entered  a  great  cave,  from  which  he  never 
came  out ;  and  his  name  was  Herakles." 

There  can  be  no  question  that  this  mountain,  the  true  Mount 
Atlas,  was  the  Peak  of  Tcneriffe,  in  which  there  is  a  vast  cave 
that  has  never  been  fully  explored.  The  Atlas  country  was  the 
scene  of  the  labors  of  Hercules,  and  of  the  feats  of  Perseus,  who 
turned  Atlas  into  a  mountain  by  showing  him  the  Gorgon's  head. 

Herodotus  says  that  the  dress  of  the  statue  of  Minerva  was 
borrowed  from  the  Atlas  country,  where  clothes  of  kid-skin  are 
made  and  colored  with  great  skill.  Such  dresses  may  still  be  seen 
in  the  Museum  of  Las  Palmas,  taken  from  the  mummy  caves  of  the 
Guanches.  He  also  suggests  that  the  story  of  the  head  of  Medusa 
being  encircled  with  snakes,  arose  from  the  head  having  been 
placed  on  a  shield  ornamented  by  the  Atlantes  with  a  fringe  con- 
sisting of  long  strips  of  leather,  which  at  a  distance  might  well 
look  like  snakes.    These  fringes  are  still  used  by  the  Susis. 

Even  the  Greeks  admitted  that  one  of  their  most  unintelligible 
nij'ths,  that  of  the  fifty  daughters  of  Danaus,  who  were  doomed 
in  Hell  to  the  task  of  filling  sieves  with  water,  came  from  Africa, 
and  they  therefore  gave  the  brother  of  the  Danaides  the  name  of 
^g3'ptu8,  though  modern  Eg3*ptologists  have  failed  to  meet  with 
the  inytli  in  the  religion  of  the  ancient  Eg^'ptians.  Many  years 
ago  a  devout  believer  in  "  Arkite  lore"  detected  an  allusion  to  the 
deluge  in  the  name  of  Danaus,  which  he  traced  to  dan^  "water" 
or  **rain."  If  he  had  called  the  fable  a  "rain  myth,"  he  would 
perhaps  have  been  nearer  the  mark.  It  was  evidently  carried  by 
the  natives  of  the  Atlas  to  Greece,  where  in  time  its  original  mean- 
ing was  forgotten,  for  we  still  find  it  in  the  folklore  of  the  Susis, 
one  of  whom  told  me  that  "  there  is  an  old  King  in  the  stars  of 
rain,  who  has  many  dancing  women,  who  hold  sieves  filled  with 
water;  and  when  he  wishes  them  to  dance,  he  thunders.  The 
looder  grow  the  peals,  the  quicker  and  wilder  grows  the  dance, 
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during  which  the  sieves  are  emptied,  and  the  water  falls  to  the 
earth  in  a  thunder  shower." 

These  are  a  few  only  of  the  traditions  and  beliefs  that  carry  us 
to  Greece  and  Rome.  We  meet  with  PhoBnician  traditions  also  as 
to  "  Isiri  who  taught  the  three  letters  ;*'  while  the  belief  in  an  im- 
perfect creation,  in  which  the  forms  of  animals  and  men  were 
blended  together,  recalls  a  similar  tradition  of  the  old  Chaldaeans. 
Of  Egyptian  ideas  there  are  perhaps  traces  in  a  belief  as  to 
seven  brothers  who  sail  in  their  ship  across  the  sky,  and  cany 
with  them  the  spirits  of  the  dead. 

The  Susis  have  a  May  day  festival  at  which  the  "pole  of  Maia"  is 
set  up,  at  the  summit  of  which  is  a  doll  composed  of  heads  of  wheat. 
Saints  climb  up  the  tree  and  scatter  the  wheat  among  the  people, 
calling  it  ''our  life,"  "our  sustenance."  The  Mexicans  used  to  erect 
an  enormous  cross,  the  symbol  of  rain,  and  on  its  summit  was  placed 
a  similar  doll,  which  when  reached  by  those  climbing  the  pole,  was 
scattered  among  the  people,  who  treasured  the  fragments  as  some- 
thing sacred,  while  the  deity  represented  was  called  *'  our  life," 
"  our  support."  The  coincidence  is  certainly  veiy  remarkable, 
for  precisely  the  same  words  were  addressed  by  the  Iroquois  to  the 
three  beneficent  maidens  residing  in  the  Pleiades,  who  brought 
each  her  gift  to  mortals,  the  maize,  the  squash,  and  the  bean. 

Herodotus  has  mentioned  that  the  peculiar  cry  of  the  women  at 
the  rites  of  Minerva,  called  ololuzein^  was  bon'owed  from  the  Lib}-- 
an  women,  "  who  sing  it  ver}'  sweetly."  I  have  heard  this  peculiar 
chorus  or  cry  which  consists  of  a  quick  repetition  of  the  word 
&ld, —  alo  &16  &lo  alo.  I  am  told  that  it  is  raised  at  the  end  of  the 
feast  of  Mata  when  water  is  poured  over  the  image  of  the  godde.ss ; 
and  am  reminded  of  the  shout  that  resounded  throughout  Fiji  at 
the  close  of  the  feast  of  Ratimaimbulu,  who  no  doubt  was  the  same 
as  the  god  Alo-alo  of  the  adjacent  Friendly  or  Tonga  Islands. 
It  would  be  exceedingly  interesting  if  it  should  prove  that  the  cry 
raised  and  carried  from  town  to  town  in  Fiji  was,  like  that  at  the 
feast  of  Mata,  alo  alo  alo  alo. 

If  there  is  any  foundation  for  the  belief  of  the  earliest  nations  and 
of  the  Susis  themselves,  that  that  country  was  once  the  seat  of  an 
ancient  civilization,  how  can  we  account  for  the  early  rise  of  a  great 
commercial  and  maritime  people  near  Mount  Atlas?  The  answer 
may  be  given  in  one  word — gold.  One  of  the  natives  examined  at 
Mogador  was  Mordecai  Rhibo,  a  Jew  from  Ophran,  which  he  de- 
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scribed  as  a  very  ancieut  town,  which  from  remote  ages  has  been  the 
entrep6t  of  the  Timbnctoo  gold  trade.  At  that  point  the  caravans 
separate  and  go  in  different  directions,  one  to  the  city  of  Marocco, 
and  the  other  beyond  Tripoli. 

There  are  Jewish  tombstones  there  dating  back  nearly  to  the 
beginning  of  our  era.  There  is  also  a  vague  tradition  that  there 
is  somewhere  in  the  interior  a  tribe  of  Jews  who  are  warlike  and 
independent,  and  who  have  no  knowledge  of  the  Second  Temple. 

I  ventured  to  suggest,  when  I  read  m}'  paper,  that  we  have  good 
reason  to  believe  that  the  Ophir  of  the  Bible,  and  Saba  or  Sheha 
may  3'et  be  traced  to  that  part  of  Africa.  This  has  since  been 
confiiTned  by  my  finding  in  Procopius,  that  one  of  the  two  great 
divisions  of  Mauritania  was  called  Zaba.  He  also  states  that 
there  was  in  his  day  (circ.  A.  D.  550)  a  very  ancient  city  in  Num- 
idia,  on  the  borders  of  Mauritania,  called  Borium^  which  from  the 
most  remote  times  had  been  inhabited  by  Jews,  who  had  never 
paid  tribute  to  any  one.  There  was  there  too  a  very  remarkable 
Jewish  temple,  which  the  Jews  believed  had  been  built  by  King 
Solomon.  As  the  adjoining  country  was  called  Zaba^  and  as  no 
trace  of  the  first  temple  has  ever  been  found  in  Jerusalem,  it  is  not 
impossible  that  this  was  the  temple  to  which  the  Queen  of  Shcba 
paid  her  famous  visit. 

It  is  probable  that  nomad  Berbers,  known  as  Sabaeans,  had,  in 
the  days  of  Abraham,  as  they  still  have,  the  monopoly  of  the 
gold  and  ivory  trade  of  central  Africa,  and  with  their  caravans 
carried  its  products,  including  slaves,  parrots  and  incense,  to  cen- 
tral Asia.  Tbe  Sabceans  were,  like  the  Susis,  astrologers,  necro- 
mancers, traders  and  robbers,  believing  in  the  seven  heavens,  and 
worshipping  the  seven  stars.  It  has  been  conjectured  that  in  the 
Puranas,  traditions  of  an  earthl^"^  paradise,  differing  from  that  of 
tiie  general  Hindoo  system,  seem  to  point  to  Africa  (see  Smith's 
Dictionary  of  Bible,  tit.  "Eden").  But  the  place  to  which  we 
must  turn  cannot  be,  as  Smith's  article  suggests,  in  southern 
Africa,  but  rather  in  northwestern  Africa,  where  the  garden  of  the 
Ilcsperides  and  the  Islands  of  the  Blessed  were  situated. 

The  Susis  have  a  belief  in  seven  heavens  called  Saba  Samag- 
fcats,  Saba  means  seven ;  the  other  word,  by  the  aid  of  a  pre- 
Malayan  language  in  Malacca,  can  be  interpreted,  as  it  is  the  same 
as  Bamangats^  '^  the  spirits  of  the  Blessed,"  who  reside  in  Pulo 
Bua,  '^  the  fruitful  island  in  the  west."       I  have  also  been  shown 
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a  diagram  of  the  mystic  ladder  for  the  descent  and  ascent  of  souls, 
called  Azacol,  representing  ^^  the  path  of  the  spirits"  (Azero),  It 
is  like  the  ladder  with  seven  lamps  that  typified  the  seven  ^^houses" 
or  ^'  gates  of  heaven"  in  the  rites  of  Mithra.  These  Susis  are 
necromancers  and  astrologers,  resembling  the  gipsies  in  looks, 
habits  and  ideas.  One  of  them  at  the  outset  offered  to  bring  up 
any^  spirit  that  I  might  wish  to  do  my  bidding, — an  offer  that  re- 
called the  question  of  the  Witch  of  Endor,  ^^  And  the  woman  said, 
whom  shall  I  bring  up  unto  thee?'' 

To  show  how  indestructible  the  peculiar  traditions  of  these 
people  are,  I  may  mention  that  a  Snsi  told  me  gravely  of  a  remark- 
able race  at  the  river  Byblah  (Byblus  ?)  "  which  is  near  the  centre 
of  the  world  somewhere  between  us  and  the  Sondan,"  who  have  the 
faces  of  dogs.  Herodotus,  2,500  years  ago,  was  told  precisely  the 
same  story,  a  belief  in  which,  among  the  Egj'ptians,  can  be  traced  in 
their  mystic  cynocephalL 

It  may  seem  premature  to  endeavor  to  account  for  this  strange 
collection  of  myths  from  apparently  all  parts  of  the  world.  A 
few  facts  connected  with  the  history  of  Mount  Atlas  may  be 
suggestive  of  interesting  inquiries. 

The  earliest  traditions  of  Greece  point  to  Mount  Atlas  and  to  the 
garden  of  the  Hesperides,  which  was  on  the  diank  of  that  monn- 
taiu.  The  Susis  told  me  that  their  people  is  the  most  ancient  in 
the  world.  Diodorus  Si  cuius  says  that  the  At  1  antes  claimed  to  be 
the  most  ancient  of  nations,  and  that  their  country  was  *'*'th€ 
birthplace  of  all  the  gods  of  antiquity  J'  Solon  was  told  by  the 
Egyptian  priests  the  same  tale,  that  the  Atlantes  were  the  first 
great  commercial  and  maritime  people,  and  exceeded  in  wealth  all 
the  great  nations  of  later  times,  and  that  they  extended  their 
conquests  as  far  as  Greece  ;  but  in  consequence  of  a  sudden  irmp- 
tion  of  the  sea,  the  great  island  they  inhabited  was  buried  under 
the  waves  in  a  single  night.  History  proves  too  that  the  Berber 
race  was  once  dominant  over  northern  Africa,  and  it  is  probable 
that  they  supplied  the  Hycsos  or  Shepherd  dynasty  that  ruleil  over 
Egypt  for  centuries,  and  who  have  been  connected  with  the  Moors 
and  Berbers  by  Movers. 

One  of  the  names  of  the  Atlantes  was  MaxyanSy  which  is  possi- 
bly derived  from  a  word  in  Arabic  meaning  "  sheep."  Even  Am- 
azighi  (one  of  the  numerous  forms  of  their  name)  may  come 
from  am  ''of,"  and  ashigir^  ''a  bullock."      Atlas,  who,  as  a  daring 
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navigator,  "knew  all  the  depths  of  the  ocean,"  and  who  taught  Her- 
coles  astronomy,  was  also  called  '^a  shepherd,**  The  Susis  (at  least 
the  nomad  portion  of  them)  are  still  called  by  the  Arabs  Beni  Bac- 
car^  "  the  sons  of  the  cow,"  the  pastoral  people.  Even  the  word 
"  Sos,"  according  to  Herodotus,  meant,  in  the  sacred  language  of 
Eg>'pt,  "cattle." 

It  has  been  conjectured  that  the  light-haired  race,  that  from  the 
most  remote  ages  occupied  the  Atlas  country,  lost  their  language 
and  adopted  the  Berber  tongue.  I  have  recently  found  not  less 
than  seventy  familiar  English  words  in  use  in  Marocco,  and  it  is 
probable  that  careful  inquiries  will  show  a  still  larger  survival  of 
them  in  that  country. 

That  Tarshish  was  a  port  in  the  Atlas  country  seems  exceed- 
ingly probable.  It  is  admitted  that  it  was  situated  either  in  Spain 
or  somewhere  on  the  Atlantic  seaboard.  It  was  apparently  the 
Birmingham  of  early  ages,  for  its  brazen  dishes  were  an  extensive 
article  of  export  even  to  Plieenicia.  We  have  now  no  trace  of 
such  an  industry  in  Spain,  but  we  have  the  clearest  evidence  that 
from  the  most  remote  times  it  flourished  in  Sus,  the  people  of 
which  seem  to  be  a  survival  from  the  Bronze  Age,  for  their  prin- 
cipal trade  is  the  manufacture  of  brass  dishes,  which  they  chase 
with  marvellous  taste,  and  which  are  perhaps  known  to  us  as  the 
"beaten  dishes'*  used  in  the  Temple  of  Solomon.  Leo  Africanus 
says  that  Ifran  was  in  his  time  (A.  D.,  1550)  a  seat  of  this  Indus- 
tiy,  fit>m  the  existence  of  extensive  copper  mines  near  that  place. 
Though  it  is  only  known  throughout  Marocco  as  Ephran^  its  in- 
habitants call  it  Ophran^  and  such  is  the  name  given  to  it  in  the 
latest  English  map  of  that  countr3^ 

To  the  ancient  Jews  it  was  probably  known  as  Ophir,  that  mys- 
terioQS  city  which  tradition  says  was  the  capital  of  the  Sabaeans, 
and  connected  with  Tarshish.  That  the  latter  was  a  port  of  Ophir 
or  Ophran,  and  situated  on  the  coast  of  Sus,  seems  probable  from 
some  curious  incidents  in  the  history  of  Jonah,  who  instead  of 
going  eastward  from  Jerusalem  to  Nineveh,  went  to  the  remotest 
west,  in  a  ship  bound  to  Tarshish. 

To  my  surprise  one  day,  a  Susi  told  me  that  a  great  prophet  was 
swallowed  by  a  large  fish  and  cast  up  by  it  on  the  coast  of  Sus, 
and  I  at  first  assumed  that  he  hud  picked  up  this  story  from  some 
Jew ;  but  I  have  since  discovered  that  it  is  an  ancient  local  tradi- 
tion as  to  Hercules,  the  hero  of  the  Atlas,  who  must  have  sailed 


566  MOTES   ON   MOUNT   ATLAS   AND   ITS  TRADITIONS  ; 

from  a  port  in  western  Marocco,  for  on  ancient  maps  we  find  a 
harbor  tiiere  called  "the  port  of  Hercules.**  The  two  stories 
(whichever  may  have  been  the  original  one)  point  to  a  tradition 
connected  with  the  Atlantic  and  the  coast  of  Sus. 

Many  myths  have  a  local  origin  in  some  natural  phenomenon 
that  primitive  races  cannot  explain,  except  by  the  8ui>ei'natura]. 
We  may  find  the  key  to  this  venerable  tradition  of  antiquit}'  as  to 
Hercules  in  the  existence,  near  the  place  in  question,  of  sharp 
pointed  rocks,  which  are  fatal  to  whales  that  may  be  driven  on 
them  by  a  storm.  Hercules,  we  are  told  (see  Took's  Pantheon, 
Part  II,  ch.  1 ;  Ovid  Met.,  II)  "  delivered  Ilesione,  the  daughter 
of  Laomedon,  King  of  Tro}',  from  the  whale  in  this  manner ;  he 
raised,  on  a  sudden,  a  bank  in  the  place  where  Ilesione  was  to  be 
devoured,  and  stood  armed  before  it ;  and  when  the  whale  came 
seeking  his  pre}',  Hercules  leaped  into  his  mouth,  slided  down  bis 
throat,  destroyed  him,  and  came  away  safe.*' 

The  tradition,  which  I  had  heard  from  a  Susi,  also  existed  in 
the  days  of  Leo  Africanus,  who  tells  us  that  in  the  town  of 
Messa,  the  name  of  which  means  ^^  Lord,*'  and  at  which  the 
natives  believe  that  the  promised  Messiah  will  appear,  is  a 
very  ancient  and  sacred  temple,  the  rafters  of  which  all  consist 
of  the  bones  of  whales,  in  commemoration  of  Jonah  having  been 
cast  up  by  a  whale  on  the  adjacent  seashore ;  and  that  in  confir- 
mation of  this  belief,  the  Moors  pointed  to  the  fact  that  all  the 
whales  immediately  die  that  pass  to  the  right  of  the  temple.  The 
historian  was  inclined  to  think  that  there  might  be  sonoething  in 
the  story,  from  his  seeing  at  the  time  a  dead  whale  floating  near; 
but  a  Jew  ridiculed  the  superstition  of  the  Moors,  and  explained 
the  origin  of  it,  by  the  existence  and  effects  of  the  reef  in  ques- 
tion,—  that  bank,  no  doubt,  that  Hercules  raised  suddenly  for  the 
destruction  of  the  whale.  I  think  there  can  be  little  question  that 
this  ancient  whalebone  temple  of  Jonah  was  originally  built  in 
honor  of  Hercules,  the  hero  of  the  Atlas  countrj' ;  and  it  is  i)os- 
sible  that  the  stor}'  connected  with  it  may  have  been  carried  back 
to  Palestine  b}'  the  Jews  of  Opliir,  and  have  been  preserved  by 
them  in  the  history  of  the  prophet  Jonah. 

May  not  they  also  have  brought  back  from  Ophir  the  Book  of 
Job  ?  That  work  is  a  singularly  faithful  picture  of  the  produc- 
tions, animals,  traditions,  manners  and  astronomical  ideas  that  are 
still  to  be  found  south  of  Mount  Atlas.      There  to  this  day  wan- 


BT   R.    O.    HALXBURTON.  567 

dering  bands  from  the  desert  sweep  down  upon  the  herdsman  and 
the  shepherd,  and  rob  them  of  their  herds  and  flocks ;  and  the 
ostrich,  the  hippopotamus,  the  monsters  of  tlic  ocean,  the  birds, 
the  beasts,  the  treasures  of  the  mine,  and  the  stars,  that  are  de- 
scribed by  the  patriarch,  are  still  familiar  to  its  inhabitants. 
Even  that  auspicious  constellation  whose  "  sweet  influences"  are 
celebrated  by  him,  is  known  by  the  same  name  to  the  Susis,  who 
call  it  Kimah  ('•'a  furrow"),  or  '^  the  stars  of  tillage"  as  it  is 
termed  by  the  far  distant  Bcchuanas  of  south  Africa  {Silemela). 

The  people  of  Sus  also  believe  that  there  is  a  certain  night  in 
the  year  when  the  stars  hold  a  solemn  festival,  in  which  all  the 
angels  and  the  spirits  of  the  great  kings  of  old  take  part.  The 
very  words  of  the  song  of  the  Pleiades,  who  are  known  in  the  New 
World  as  well  as  in  the  Old,  as  "  the  dancers,"  "  the  Celestial 
chorus  "  of  the  Greeks,  "  the  Heavenly  Host  "of  the  Hebrews, 
and  "  the  seven  dancers"  of  the  North  American  Indians,  are  fa- 
miliar to  ears  that  can  catch  '^the  music  of  the  spheres,"  and  have 
been  repeated  to  me  by  one  of  those  favored  mortals,  a  Susi  wan- 
derer from  the  Sahara : 

'*  Oh  Moon,  oh  Mother,  we  hold  our  feast  to-night, 

We  arc  dancing  before  God,  between  heaven  and  earth," 

words  that  recall  Milton's  allusion  to  those  ''  morning  stars  that 
sang  together  with  joy"  at  the  creation, 

**  And  the  Pleiades  before  him  danced, 
Shedding  sweet  influences." 

This  celestial  festival  evidently  takes  place  on  that  night  in 
November,  when  the  full  moon  and  the  Pleiades  are  on  the  me- 
ridian together,  for  there  is  a  Susi  love  song, 

"  Oh  come  to  me  my  love,  and  long  remain. 

For  the  Pleiades  are  meeting  the  moon  to-night." 

On  that  very  night  in  November  sopie  tribes  of  the  Australians 
still  celebrate  ^'  the  sweet  influences  of  the  Pleiades,"  and  hold  a 
grand  corroboree  in  their  honor,  for  "  they  are  the  children  of  the 
Sun  and  Moon,"  and  "  are  very  good  to  the  blackfellows." 

Even  the  early  Eg^'ptians  seem  to  have  borrowed  many  of  their 
religious  ideas  from  an  older  civilization  in  the  Atlas  country,  for 
it  has  been  conjectured  that  all  the  magical  features  of  the  ritual 
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of  the  Egyptians,  and  their  belief  as  to  the  dangers  attending  the 
passage  of  the  soul  to  Hades,  were  derived  from  the  people  south 
of  the  Atlas  (see  Smith's  Diet,  of  the  Bible,  tit.,  "magic"). 

It  is  surprising  to  find  that  a  country,  venerated  in  the  days  of 
Homer,  as  peopled  by  "  the  just  Ethiopians  "  who  were  nearer  to 
the  gods  than  other  men,  and  at  whose  banquets  even  Jupiter  was 
sometimes  a  guest,  a  country,  too,  associated  with  pai-adise  and  the 
abodes  of  the  blessed,  should,  a  few  hundred  years  after  his  time, 
have  been  lost  sight  of  by  the  world.  Herodotus  does  not  refer 
to  its  past  history,  and  learned  little  of  the  country  south  of  the 
Atlas.  Strabo  says  that  in  his  time  it  was  a  terra  incognita^  for 
armies  and  even  travellers  had  seldom  reached  it,  and  the  few 
natives  that  visited  Gi'eece  either  Invented  fables  about  it,  or  were 
unwilling  to  tell  what  they  knew  about  it.  To  this  day  it  is  closed 
against  Europeans,  none  being  able  to  visit  it  except  by  the  haz- 
ardous experiment  of  passing  for  a  Moor. 

Leo  Africanus,  however,  himself  a  Moor,  who  has  described  that 
country  as  it  appeared  in  his  day,  and  has  told  us  how  the  Arabs 
had  ravaged  it,  destroying  the  cities,  and  burning  the  ancient  bodes 
of  the  Berbers,  states  that  near  the  walls  of  one  town,  the  stones 
of  which,  as  large  as  those  employed  in  the  construction  of  the  Coli- 
seum at  Rome,  had  defied  the  fury  of  the  invaders,  gold  and  silver 
medals  are  to  be  found,  with  characters  which  he  had  in  vain  en- 
deavored to  decipher ;  and  that  everything  indicates  that  at  a 
former  period  these  cities  must  have  been  the  homes  of  a  prosperous 
people. 

This  pai>er  is  the  first  attempt  that  has  been  made  to  draw  at- 
tention to  the  traditions  of  a  country  that  must  once  have  ])laye(l 
an  important  role  in  history.  It  is  possible  that  future  and  more 
careful  inquiries  as  to  it  may  throw  much  light  on  the  commerce, 
and  perhaps  on  the  origin  of  the  Jews,  and  on  many  obscure  points 
connected  with  early  civilizations  and  mythologies  ;  and  that  they 
may  even  justify  the  belief  of  the  Susis  that  they  are  descende<l 
from  tlie  most  ancient  nation  in  the  world,  and  the  boast  of  the 
old  Atlantes,  that  their  land  was  '*the  birthplace  of  all  the  Gods 
of  antiquity." 

I  intend,  if  my  health  permits  me,  to  revisit  that  country,  and 
to  follow  up  these  researches. 
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Some  hithesto  unnoticed  Affinities  between  Ancient  Customs 
IK  America  and  the  other  Continents.  By  J.  H.  Phen£, 
of  London,  England. 

lABCmEUCT.I 

The  author  of  this  paper  explained  that  as  one  of  the  great  prob- 
lems to  be  worked  out,  or  which  at  least  it  is  desired  should  be  worked 
out  by  all  who  have  given  any  attention  to  the  subject,  is  that  of 
the  races  and  civilizations  which  once  flourished  at  the  southern 
end  of  North  America,  and  which  had  evident  connections  with  the 
more  northern  parts  of  what  are  now  the  United  States,  through 
those  great  ducts,  the  Mississippi  and  other  vast  river  valleys, 
tending  to  the  latter  direction. 

The  customs  which  are  shown  to  have  existed  in  the  great  river 
valleys  of  America,  though  read  with  difficulty  by  the  light  of 
the  strange  monuments  still  existing  there,  seemed  to  the  author 
to  have  had  parallel  existences  on  the  other  continents.  In  evi- 
dence of  this  he  gave  illustrations,  by  drawings  and  diagrams,  of 
many  earthworks  and  stone  constructions  which  had  been  exam- 
ined by  him,  and  which  agreed  in  the  method  of  executing  the 
earthworks,  of  arranging  the  plans  and  designs,  and  in  the  evi- 
dently similar  purposes  for  which  they  were  designed,  and  to 
which  they  had  been  devoted. 

The  points  on  which  he  rested  his  argument  for  the  affinity  of 
the  American  mounds  and  earthworks,  and,  necessarily,  the  cus- 
toms with  which  they  were  connected,  with  those  of  Great  Britain 
and  a  large  number  of  similar  works  in  France,  Spain,  Greece, 
Asia  Minor,  Persia  and  China,  were,  in  the  first  instance,  the 
existence  of  relationship  to  each  other,  always  in  the  vicinity  of 
rivers,  of  mounds  representing  animal  forms,  and — with  some 
special  exceptions — the  close  proximity  of  vast  works  of  camps 
for  defence,  huge  enclosures  or  oppida  for  civil  occupation,  and 
other  evidently  sacred  enclosures  for  solemn  rites,  worship  and 
sepulture.  In  America  these  evidences  went  no  farther,  but  in  the 
vicinity  of  the  mounds  he  had  traced  in  Western  and  Eastern 
Europe,  and  in  Asia  Minor,  and  still  farther  East,  not  only  were 
all  these  features  attendant  but  the  localities  also  abounded  with 
mythological  and  traditionary  legends,  and  the  retention  of 
strange  and  weird  ceremonies  to  the  present  day. 

He  selected  as  illustrations  of  the  American  mounds,  those  in 
the  forms  of  serpents,  the  alligator  (or  mythical  dragon),  and  the 
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haman  form.  The  serpent  was  shown  by  Mr.  Squire  to  have 
been  executed  in  two  ways,  viz. : — by  the  solid  continuous  serpen- 
tine form,  and  by  a  series  of  symmetrical  mounds  uniformly 
placed  in  curves.  The  reader  gave  examples  of  each  of  these,  on 
diagrams,  and  explained  that  they  existed  in  large  numbers  in 
Great  Britain,  similar  in  proportions  and  construction  to  those  of 
the  American  mounds,  which  were  kindred  in  form,  and  accom- 
panying these  were,  he  stated,  in  every  case,  extensive  areas 
occupied  by  similar  camps  and  enclosures  for  civil  occupation,  or 
oppida,  and  also  separate  enclosures  for  worship  and  sepulture. 
The  characteristic  physical,  natural  and  art  features  were  also 
curiously  persistent  in  each  case,  a  triple  imagery  having  been  in 
very  many  instances  studiously  represented,  both  by  places  of 
selection,  as  the  vicinity  of  triple  peaked  mountains,  and  in  con- 
struction, by  triangular  chambers  and  triangular  enclosures  in  or 
about  the  head  of  the  animal  forms,  as  well  in  the  American  as  in 
other  similar  mounds.  Since  his  arrival  at  Montreal  he  had  heard 
of  indications  of  this  having  been  an  Indian  bnr}-ing  ground. 
They  appeared  often  to  have  selected  places  of  previous  occupa- 
tion, as  in  the  mounds ;  and  the  triple  hill  and  trianglar  piece  of 
land  at  its  base  were  significant.  The  works  in  Great  Britain, 
Spain,  France,  and  other  countries,  were  found  to  contain  cham- 
bers filled  with  cremative  matter,  and  had  studied  arrangements 
for  preserving  the  outlines  of  the  animal  forms,  as  shown  in  the 
diagrams,  and  were  generally  surrounded  with  vast  lithic  arrange- 
ments, and  each,  as  a  rule,  was  in  the  centre  of  an  extensive 
necropolis  of  the  primitive  inhabitants.  The  legends  and  tradi- 
tions clustering  about  these  places  were  always  of  the  same  class  in 
the  other  continents,  and  almost  alwa^'s  had  reference  to  man  as 
the  possessor  and  the  serpent  or  dragon  as  the  persecutor  or  de- 
stroyer, and  this  whether  the  tradition  was  one  of  uncultured  and 
primitive  existence,  or  of  the  highest  classical  art  ages  and  local- 
ities ;  and  though  such  traditions  did  not  exist  in  America,  yet 
not  only  did  their  huge  mounds  simulate  these  forms,  but  there 
had  been  dug  up  from  their  mounds  rude  sculptured  figures  of  the 
human  form  and  also  of  entwined  or  coiled  serpents,  showing 
that  in  their  construction  the  same  ideas,  if  not  similar  legends 
and  traditions,  had  existed,  as  those  which  originated  the  giganto- 
maxia  of  Pcrgamos. 

Amongst  other  numerous  and  striking  examples  of  these  forms 
in  Great  Britain,  corresponding  with  the  animal  and  human  forms 
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in  America,  were  some  very  remarkable  and  yet  but  little-known 
representations  of  the  human  form  belonging  to  a  rude  and  un- 
letterefl  age,  periiaps  corresponding  to  that  of  the  semi-barbarous 
age  of  Mexico,  which  are  found  on  the  coasts  of  Devonshire  and 
South  Wales  sculptured  in  stone,  a  very  remarkable  example  of 
which  also  existed  near  West  Iloathly,  in  Sussex,  which  was 
traditionally  stated  to  have  been  worshipped  as  a  potent  deity  (the 
goddess  Andras)  by  the  earl}'  Keltic  inhabilants.  In  the  vicinity 
of  these  rude  fi:7ures  in  the  western  and  eastern  extremities  of  the 
South  of  England,  were  two  enormous  intaglio  representations  of 
the  human  form,  correspopding  to  the  intaglio  forms  in  Wisconsin, 
only  one  of  which  had  been  mentioned,  and  that  in  a  very  cursory 
manner,  by  writers  on  the  comparison  of  these  works  with  those 
of  America,  while  their  surroundings  had  been  completely  over- 
looked. The  one  not  referred  to  was  by  far  the  more  important, 
both  in  siz.e  and  similnrit}-,  being  in  the  exact  attitude  of  the 
mounds  in  the  human  form  of  the.  American  mound-builders. 
About  midwa}'  between  these  two  figures  was  an  equally  enormous 
and  well-known  representation  by  intaglio  of  a  horse.  These  fig- 
ures were  all  cut  in  the  chalk  hills,  and  might  be  said  to  be  pro- 
tecting deities  of  the  three  localities  in  England  most  abounding 
in  remarkable  and  vast  areas  of  camps,  oppida  or  settlements, 
and  places  of  worship.  The  whole  district  from  Dorsetshire  to 
X«and's  End  being  commanded  by  the  gigantic  form  in  Dorsetshire  ; 
that  of  the  miles  of  stone  avenues  on  both  sides  of  the  Med  way 
in  Kent,  terminated  by  Kit's  Coity  House  at  one  end,  several  allees 
couverts  at  the  other,  with  the  huge  stone  figure  at  West  Iloathly 
and  the  wood  of  Anderida  to  the  south,  were  commanded  by  the 
similar  gigantic  intaglio  figure  in  Sussex ;  and  the  central  and 
more  important  districts  of  Stonehenge,  with  the  primitive  and 
stupendous  temple  of  Avebur}*,  its  sinuous  avenues  of  stone,  and 
extensive  earth  embankments,  the  great  tumulus  of  Silbury  Hill, 
the  avenues  of  stones  near  Amesbury,  in  the  style  of  those  at  Car- 
pac  in  Brittany,  the  large  number  of  camps,  the  trilithon  called 
the  "  Devil's  Den,"  and  the  great  dolmen  known  as  "  Weyland 
Smith's  Cave,"  appear  under  the  protection  of  the  "  White  Horse." 
Metallurg}^  a  great  feature  with  the  mound  builders  of  the  Mis- 
sissippi, was  also  the  peculiar  occupation  of  one,  if  not  of  two, 
of  these  three  districts  of  southern  England  and  of  many  of  the 
other  localities  in  which  similar  works  were  found  in  Europe  and 
Asia.    And  such  metallurgy  was  for  all  utilitarian  purposes  con* 
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fined  in  every  such  country  in  which  these  works  exist  to  the  two 
metals — tin  and  copper — and  analysis  showed  the  proportions  in 
the  amalgamation  of  those  metals  to  have  approximated  in  Amer- 
ica, Europe  and  Asia.  The  parallelism  went  further  and  was 
continuous  in  its  tract  eastward.  Brittany,  Spain  and  France  on 
each  side  of  the  Pyrenees,  and  so  on  to  Asia  Minor,  had  the  same 
combined  features.  In  the  valley  of  the  Meander  in  Lydia,  the 
vast  figure  of  "Niobe,"  mentioned  by  Homer,  still  existed,  scuiiv 
tured  on  the  side  of  Mount  Tmolus,  and,  as  well  as  that  of 
"  Sesotris "  in  an  adjacent  valley,  also  so  sculptured,  overlooked 
the  district  in  which  are  the  multitudinous  tumuli  near  the  Gygean 
Lake ;  and  the  fortifications  and  camps  of  the  acropolis  of  Sardis 
corresponded  with  those  already  referred  to  in  position  and  design ; 
and  the  same  features  were  found  at  Ephesus,  Smyrna  and  Pergsr 
mos  in  a  striking  degree,  and  extended,  as  shown  by  careful 
drawings  and  diagrams,  onwards  eastward  as  far  as  China.  Con- 
sidering the  skill  and  thought  required  to  plan  such  enormous 
figures  with  any  regard  to  proportion,  and  seeing  that  all  the 
figures  had  similar  accompaniments,  the  author  concluded  by  ob- 
serving that  they  seemed  to  him  to  have  been  the  result  of  a 
practice  and  culture  transmitted  with  concurrent  customs  by  way 
of  the  Pacific  from  one  continent  to  another. 


The  Cross  and  the  Crucifix.    By  Chas.  Whittleset,  of  Cleve- 
land, Ohio. 

[ABSTRACT.] 

The  purport  of  this  paper  was  to  recommend  great  caution  on 
the  part  of  archseologists  in  giving  religious  significance  to  letters, 
s3'mbol8  or  hieroglj'phics  that  may  resemble  more  or  less  some 
forms  of  crosses  or  quasi-crosses.  It  was  held  that  the  cnicfjix 
should  not  be  confounded  with  the  cross,  which  assumes  a  great 
variety  of  forms  which  were  discussed. 

The  Christian  symbol  originated  at  the  crucifixion,  and  had  an 
upright  part  extending  above  the  arms  of  tlie  olden  cross.  In 
nearly  all  ancient  inscriptions  there  are  letters  or  symbols  that 
have  a  greater  or  less  resemblance  to  the  ancient  cross.  Unless 
something  more  is  found  than  a  resemblance  of  form,  it  is  unsafe 
to  draw  inferences  that  they  are  connected  with  worship.  The 
Runic  characters  furnish  several  that  might  be  called  crosses,  but 
which  are  only  letters. 
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Chief  Deities  in  American  Religions.    By  Albert  S.  Gatschbt, 
of  Washington,  D.  C. 

[AB8THACT.] 

The  science  of  comparative  mythology  is  acquainted  with  the 
full  religious  systems  of  a  few  American  religions  only ;  the 
majority  of  them  are  known  to  us  in  a  very  imperfect,  fragmentary 
manner.  When  we  speak  of  the  religions  of  American  Indians, 
this  term  is  not  to  be  understood  as  bearing  chiefly  on  the  moral 
side  of  religion,  or  connecting  morals  with  religious  beliefs,  as  it 
is  done  in  the  monotheistic  religions  of  the  eastern  hemispliere. 
With  us  a  religious  person  is  equivalent  to  a  moral,  honest  person, 
and  God  is  considered  not  only  as  almighty  and  omniscient,  but 
also  as  the  God  of  truth,  forgiveness,  and  as  the  embodiment  of 
moral  principles.  But  rude  and  savage  nations  do  not  connect 
such  ideas  with  their  deities.  Their  deities  represent  the  objects 
and  powers  of  nature,  as  far  as  these  have  any  influence  on  the 
welfare  of  man.  They  do  not  embody  originally  any  moral  prin- 
ciple, for  the  winds,  clouds,  rains  and  celestial  bodies,  which  they 
represent,  have  nothing  moral  or  immoral  in  them  ;  they  are  purely 
physical  objects  or  powers.  To  become  objects  of  worship,  the 
forces  of  nature  have  to  be  personifled ;  that  is,  human  souls, 
passions  and  powers  of  reflection  have  to  be  imputed  to  them. 
Man  feels  himself  in  his  welfare  dependent  upon  the  powers  of 
nature  and  if  he  thinks  them  to  be  animated  with  souls  and  minds 
like  his  own,  he  can  at  least  cherish  the  hope  to  communicate  with 
and  perhaps  to  propitiate  them  in  spite  of  their  stern  and  threat- 
ening countenance  or  their  cruel  destructiveness.  In  this  early 
stage  of  religious  feeling  men  seek  to  turn  the  more  obnoxious 
deities  in  their  favor  by  offerings,  sacrifices  or  ascetic  exercises, 
while  the  spirits  representing  the  powers  of  nature  favorable  to 
him  do  not  enforce  the  same  attention  and  are  therefore  neglected 
by  the  ungrateful  crowd.  This  condition  of  religious  ideas 
necessarily  implies  polytheism;  but  in  adaptation  to  the  objects 
worshipped  by  the  natives  of  America,  we  had  better  call  polydai^ 
monism  the  mode  of  worship  existing  in  the  western  hemisphere. 

The  nations,  which  by  their  climatic  position  are  destined  to 
reach  a  higher  stage  of  culture,  will,  from  the  religious  condition  of 
poly dai monism,  which  is  an  imperfect  anthropomorphism,  ascend 
by  gradual  and  easy  steps  to  that  of  real  anthropomoi*phi8m. 
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Man  being  the  roost  perfect  being  in  organic  nature,  the  savage 
roind  naturally  regards  his  nature-spirits  as  human  beings  endowed 
with  miraculous  powers ;  or  should  he  continue  to  see  animal 
monsters  in  them,  he  at  leasts  invests  these  with  human  form  and 
garb,  arms  them  with  the  weapons  of  man  and  hears  them  speaking 
in  the  accents  of  human  speech.  The  more  perfectly  liis  nature- 
spirits  become  anthropomorphized,  in  the  same  degree  intellectual 
and  moral  qualities  will  be  imputed  to  those  regarded  as  favorable 
deities,  mischievous  and  immoral  characteristics  to  the  obnoxious 
ones. 

After  a  deity  has  fully  assumed  the  human  shape,  it  frequently 
figures  as  an  apparently  historical  character,  as  a  legislator,  ruler 
in  peace,  culture-hero,  teacher  of  plastic,  fictile  and  agricultural 
arts,  canalizer  of  rivers  or  originator  of  the  calendar.  In  the 
tropical  regions  of  America  the  culture-heroes  generally  have  a 
duplicate  deity  of  the  same  origin  and  representing  the  same 
powers  of  nature,  but  less  approachable  and  less  popular.  When 
this  euhemerizing  process  is  completed,  miraculous  stories  decrease 
in  number,  while  in  the  earlier  stages  the}'  made  up  the  bulk  of  the 
myths  of  each  spirit-deity.  No  religion  is  imaginable  without 
miracles  as  its  base  and  foundation.  Miracles  are  the  childlike 
efforts  of  youtliful  humanity  to  account  for  the  mysterious  working 
of  the  natural  forces,  and  owe  their  origin  to  the  earliest  attempts 
of  popular  metaphysics  and  philosophy,  of  which  religion  forms  a 
portion. 

Ethnology  in  its  present  condition  cannot  assume  that  there  is  or 
was  any  people  on  the  face  of  tlie  earth  that  had  no  religion  in  the 
scientific  acceptation  of  the  term.  All  have  some  theories  to  ac- 
count for  the  origin  of  all  that  exists  ;  all  possess  definite  ideas  of 
the  nature  of  their  good  and  obnoxious  gods  and  of  the  mode  of 
propitiating  or  appeasing  them,  though  we  Christians  prefer  to  call 
this  superstition,  not  religion. 

The  purely  physical  base  upon  which  the  American  religions  are 
built  up  precludes  the  possibility  of  anything  like  our  Holy  Spirit, 
the  Trinity,  hell  and  heaven  or  the  devil,  although  early  navigators 
have  not  failed  to  discover  the  latter  figure  on  many  of  the  Indian 
i<lols.  The  Eastern  (Asiatic,  African)  religions  present  compara- 
tively solid  s^'stems  when  compared  with  the  unsystematic  character 
of  the  American  religious  beliefs.  Many  of  the  American  reli- 
gions, like  those  of  the  Aztecs  and  Peruvians,  are  the  result  of  a 
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combiDation  of  tbe  beliefs  of  several  nations  and  therefore 
necessarily  contain  contradictions  in  their  myths  ;  but  even  where 
the  mythology  is  the  product  of  a  single  tribe  it  will  show  a  lack 
of  uniformity.  The  American  deities  are  but  symbols  of  the 
objects  and  powers  of  nature,  as  of  the  winds,  the  earth,  the  sk}-, 
sun  and  moon,  night  and  day,  the  clouds,  the  rainbow,  etc.,  and 
the  eternal  motions,  strifes  and  conflicts  of  these  reflect  themselves 
in  constant  contradictions  in  the  myths.  The  deities  of  the  agiM- 
cultural  nations  of  the  eastern  hemisphere  have  left  behind  them 
long  ago  this  early  stage,  and  some  of  their  number  liave,  even  in 
prehistoric  times,  developed  into  gods  with  predominantly  mental 
and  moral  qualities,  because  at  that  early  period  they  had  alreadj' 
reached  the  full  anthropomorphic  stage.  When,  fiually,  by  the 
invention  of  alphabets  the  composition  of  ritual  and  canonical  books 
of  religion  had  become  possible,  the  beliefs  then  prevalent  were 
consolidated  into  dogmatic  83'stems,  a  powerful  priest-class  arose 
to  npliold  and  teach  them  to  the  people,  and  the  more  highly  civil- 
ized the  nation  was,  the  higher  usually  was  the  standard  of  morals 
ascribed  by  tlie  canonical  books  to  their  principal  deit}'. 

In  polytheistic  and  polydaimonic  religions  the  deified  objects 
and  powers  of  nature  are  numberless.  Objects  and  phenomena 
that  are  of  little  account  to  us  often  strike  the  imagination  of  the 
rude  native  through  some  peculiarity,  and  the  result  is  deification. 
To  every  strange  object  is  ascribed  a  body  and  a  spirit  or  soul, 
which  can  live  inside  the  body  and  outside  of  it  and  is  regarded  as 
something  supernatural.  Prominent  deities  often  receive  epithets 
and  when  these  epithets  are  no  longer  understood  by  the  people, 
because  they  contain  an  archaic  form  of  the  language,  they  often 
becomie  gods  or  goddesses  for  themselves  independent  of  the  parent 
deity.  Even  the  emblems  of  the  divinities  may  become  deities  for 
themselves.  By  such  and  other  causes  the  number  of  deities 
increase,  by  other  causes  a  diminution  is  brought  about  and  only 
the  fittest  will  survive.  Some  are  worshipped  only  in  one  prov- 
ince of  a  country,  while  others  enjoy  a  more  general  worship. 

In  this  motley  crowd  of  new  and  ancient  gods  a  few  only  rise 
to  general  prominence,  and  among  these  few  one  is  considered  as 
the  principal  deit3\  Many  deities  are  supposed  to  be  antagonists 
to  the  rule  of  this  chief  god,  and  though  he  is  the  most  powerful 
among  the  gods,  he  is  not  the  most  popular  god  among  men. 
Chief  deities  represent  a  combination  of  several  powers  of  nature 
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united  in  one  supernatural  being;  they  are  often  placed  in  tbe 
background  by  one  or  two  more  brilliant  and  therefore  more  popu- 
lar conceptions  of  the  religious  mind,  and  if  his  obnoxious  or 
terrific  qualities  make  him  less  attractive  to  mankind,  his  irresisti- 
ble, demoniac  strength  will  leave  him  the  object  of  the  most  intense 
dread.  His  attributes  as  well  as  those  of  all  other  deities  are  the 
result  of  tbe  climatic  condition  of  the  country  or  countries  in 
which  the  religion  took  its  origin.  For  American  religions  the 
term  chief  deity  is  preferable  to  that  of  supreme  being  or  supreme 
god,  for  **  GoiV^  is  too  anthropomorphic  and  "««prewje"  involves  a 
position  too  high  to  be  imputed  to  any  of  the  deities  found  in 
American  mythology. 

After  examining  the  religious  beliefs  of  a  large  number  of  tribes 
and  giving  absti'acts  of  the  more  important  beliefs  on  this  subject 
of  chief  deities,  I  arrived  at  the  conclusion,  that  the  majority  of 
all  Americafi  tribes  worslnpping  the  sun  regard  tJte  sun  deity  as  their 
chief  deity.  It  is  only  the  imperfect  state  in  which  tribal  mythology 
is  generally  brought  to  our  knowledge  that  prevents  us  from 
pushing  our  inquiries  further  in  this  direction.  Even  in  the  earliest 
prehistoric  epochs  the  rudest  savages  must  have  comprehended 
that  to  the  stm  mankind  owes  not  only  its  daily  food  and  nightly 
rest,  that  the  earth  owes  its  fecundity  to  his  balmy  rays  and  the 
rains  which  cause  the  waters  to  flow  everywhere  ;  neither  were  they 
ignorant  of  the  fact  that  man's  life  and  existence  are  the  sun's  work 
and  therefore  worshipped  in  the  solar  spirit  the  creator  of  man, 
of  plants,  of  animals,  the  earth  and  of  the  whole  universe.  In  the 
eastern  hemisphere  sun  worship  has  been  largely  superseded  or 
placed  into  the  background  by  other  deities,  chiefly  of  a  moral  or 
more  abstract  nature ;  but  even  there  the  features  of  this  primeval 
cult  are  still  perceptible  to  the  trained  eye  in  the  religions  of  many 
tribes  and  nations. 

The  sun  often  appears  in  the  form  of  two  deities  in  the  same 
tribal  religion  ;  one  may  be  of  an  abstract,  the  other  of  a  concrete 
aspect ;  or  the  deity  is  thought  to  rule  in  the  sky,  and  his  counter- 
part appears  on  the  earth  as  a  culture-hero  with  an  apparently^ 
historical  garb.  The  solar  deity  is  always  in  conflict  with  the  lunar 
god  and  the  clouds,  but  not  with  the  deity  of  the  skies.  The  lunar 
god  holds  the  position  of  a  chief  deity  in  a  few  religions,  but  never 
appears  as  the  creator  or  maintainer  of  the  whole  earth  and  uni- 
verse.   When  the  sun  is  regarded  as  a  female,  the  moon  often, 
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though  not  alwaj's,  appears  as  a  male  genius  and  in  some  tribes  it 
is  clifficult  to  distinguish  between  solar  and  hinar  god,  because  both 
celestial  bodies  are  called  by  the  same  teitn. 

Among  the  tribes,  who  worship  the  solar  deity  as  their  chief 
deity,  are  the  following  : 

The  Tupi  god  Tupan  is  a  thunder  god,  but  his  attributes  prove 
him  to  have  been  originally  a  solar  genius.  Tamo-i  of  the  Guarani 
is  "  the  old  man  of  the  sky,"  who  is  equivalent  to  the  sun,  like  Tiri 
of  the  Yuracares,  and  the  white-bearded  B6tchika  of  the  Muiska  in 
Bogota,  while  Dabaiba,  on  the  isthmus  of  Panama,  was  probably 
a  sun  goddess  also.  In  Peru  three  deities  represented  this  celestial 
orb :  Inti,  Viracocha  and  Manco  Capac ;  their  worship  originated 
at  different  epochs. 

Tucapacha  was  the  chief  deity  of  the  tribes  of  Michoacan^ 
Coxcox  of  the  Chichimecs.  The  Aztecs  worshipped  the  sun  in  an 
abstract  form  in  Tonatiuh,  in  a  more  concrete  shape  in  Tezcatiipoca, 
who  is  the  antagonist  of  the  moon-god  Quetzalcoatl,  the  latter 
corresponding  to  Kukulcan  of  the  Maya  religion. 

A  few  of  the  Pueblo  Indians  of  New  Mexico  worship  Montezu- 
ma as  their  chief  god,  creator  of  the  universe  and  culture-hero, 
while  among  the  Califoruians  the  "chief  above"  or  the  "old  man 
above"  has  a  large  number  of  votaries.  Other  Californians,  like 
the  Pit  River  Indians,  regard  the  coyote- wolf  as  the  principal  deity 
and  ascribe  to  him  the  creation  of  many  objects  in  this  world  ;  the 
same  may  be  said  of  a  few  Selish  tribes  on  middle  Columbia  River, 
Washington  Territory  and  Idaho,  and  of  the  Pdpagos  in  Arizona. 
Coyote- worship  is  originally  identical  with  lunar  worship.  The 
Wintun  in  northern  California  call  their  almighty  power  Noam- 
klestowa  or  **  Great  Spirit  of  the  West."  The  main  deity  of  the 
Klamath  Lake  and  Modoc  Indians  of  Oregon  is  K'muka'mtchiksh, 
the  "  primeval  old  man." 

The  Flathead-Selish  of  Montana  pay  their  respects  to  a  chief 
deity  called  Amoteken,  who  is  invisible  and  resides  in  the  sky ;  he 
is  possibly  a  genius  of  the  skies,  not  of  the  sun.  To  the  Niskwdli, 
Washington  Territory,  the  chief  deity  is  not  the  sun,  but  the 
moon,  Slokwalm.  The  Haida  Indians  worship  an  abstract  and  a 
material  sun-god,  the  former  being  the  supreme  ruler  of  the 
universe. 

West  of  the  Rocky  Mountains  we  find  among  the  majority  of 
tlic  tribes  a  deity  called  the  Master  of  Life^  the  Master  of  Breathy 
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the  Great  Spirit,  etc.,  and  in  addition  to  this,  a  series  of  solar  deities 
differing  among  each  other  according  to  the  tribes  in  which  they 
are  found.  These  are  but  the  concrete  expressions  of  what  the 
Master  of  Life  expresses  in  a  more  abstract  form. 

Sun  deities  and  chief  deities  at  the  same  time  are :  the  Michabo 
of  the  Odshibwe,  Areskui  of  the  Hurons,  Kutnaha  or  "midday 
sun"  of  the  Shetimasha  in  Louisiana,  the  deer-god  of  the  Floridian 
Timucua  and  many  others.  The  sun-dance  of  the  Sioux  perpetu- 
ates sun-worship  up  to  the  present  time,  when  a  large  proportion 
of  them  have  become  Christians. 


Indian  Migrations  as  eyidenced  bt  Language.    By  Horatio 
Hale,  of  Clinton,  Ontario,  Canada. 

I  ABSTRACT.*  J 

In  this  paper  the  author  attempts  to  trace,  by  the  evidence  of 
language,  reinforced  to  some  extent  by  that  of  tradition,  the  com-se 
of  migration  which  has  been  followed  by  the  tribes  belonging  to 
some  of  the  principal  linguistic  stocks  of  North  America.  The 
Cherokees  are  shown  to  belong  to  the  Huron-Iroquois  stock,  bat 
to  have  received  accessions  to  their  vocabulary  from  some  other 
source.  The  Huron  language  is  shown  to  be  the  oldest  in  form 
among  the  languages  of  this  stock.  Tlie  migration  of  the  Huron- 
Cherokee  tribes  is  traced  in  a  course  leading  from  the  northeast  to 
the  southwest,  tliat  is,  from  the  lower  St.  Lawrence  to  northern 
Alabama.  The  Dakotan  stock  is  next  considered.  The  Tuteloes 
of  Virginia  and  North  Carolina  are  shown  to  belong  to  this  stock, 
and  to  speak  a  language  which  is  older  in  its  forms  than  the  lan- 
guages of  the  western  Dakota  tribes.  The  Algonkin  tribes  and 
languages  are  next  examined,  and  the  evidence  is  exhibited  which 
shows  that  their  migration  probably  flowed  from  Hudson's  Bay  and 
Labrador  towards  the  south  and  west.  The  tribes  of  the  Chahta- 
Muskoki  family  are  noticed,  and  the  fact  is  pointed  ont  that  their 
language,  like  that  of  the  Cherokees,  has  apparently  been  modi- 
fied b^'  admixture  with  some  alien  speech.  Some  reasons  are  given 
for  supposing  that  this  speech  was  that  of  the  Mound  builders  of 
the  Ohio  Valley.     Traditionary  and  linguistic  evidence  is  adduced 

1  This  paper  is  pnblished  iu  niU  In  tlie  American  Antiquarian  for  January  and  April, 
1883. 
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to  show  that  the  Moundbuilclers  were  conquered  and  partly  exter- 
minated by  the  Iroqaois  and  Algonkins,  and  that  the  survivors, 
mingling  with  the  Cherokees  and  Choctaws,  caused  great  changes 
in  the  languages  of  those  nations.  The  fact  that  the  course  of 
migration  seems  to  have  been  from  the  Atlantic  coast  towards  the 
interior  is  regarded  as  evidence  that  the  ancestors  of  our  Indian 
tribes  were  emigrants  from  Europe.  In  support  of  this  opinion, 
reference  is  made  to  the  close  resemblance  in  structure  between 
the  Basque  and  the  Indian  languages.  It  is  further  suggested  that 
if  the  Aryan  intruders,  entering  Europe  from  the  east,  encountered 
and  absorbed  a  population  resembling  the  American  aborigines, 
this  fact  would  account  for  the  great  changes  which  the  Aryan 
speech  underwent  in  central  and  western  Europe.  It  would  also 
account  for  a  very  remarkable  change  which  took  place  in  the 
character  of  the  intruding  race.  The  Aryans,  who  iu  the  east 
have  always  been  a  submissive  and  contemplative  race,  devoid  of 
the  idea  of  popular  government,  become  in  Europe  a  high-spirited, 
practical,  and  liberty-loving  people.  The  conclusion  is  that  the 
nations  of  modern  Europe  are  a  mixed  race,  forming  a  transition, 
in  ph^'sical  and  mental  traits,  between  the  eastern  Aryans  and 
the  aboriginal  Americans. 


The  Kinship  System  and  Marriage  Laws  of  the  Dhegiha, 
ILLUSTRATED  BY  CHARTS.  By  J.  OwEN  DoRBEY,  of  Washing- 
ton, D.  C. 

[AB8THACT.*] 

Marriage  laws  based  on  kinship  S3'stem,  which,  in  turn,  is 
founded  on  the  gentile  organization  of  the  tribe.  The  last  is 
affected  by  the  customs  pertaining  to  the  buffalo  hunt. 

Chart  I.  The  Omaha  Tribal  Circle,  as  formed  during  the  hunt, 
and  showing  the  gentcs.  The  gentes  divided  into  sub-gentes, 
for  certain  reasons.     Father-right. 

Chart  II.  ^^  Consanguinities."  Classes  of  the  consanguinities 
of  ^^  SELF,  a  male." 

Classes  of  the  affinities  of  ^'  self,  a  male,"  as  shown  in  Chart 
III. 

1  The  charts  iUustrating  this  paper  are  by  neceseity  omitted. 
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Peculiarities  of  the  charts  caused  by  the  marriage  law  :  **  self 
can  marry  any  woman  whom  his  wife  calls  sister,  brotJier^s  daugh- 
ter, or  father's  sister,'*  Actual  and  potential  kindred.  The  kinship 
formed  by  the  calumet  dance. 

From  the  examples  given  in  the  charts,  it  is  plain  that  among 
the  Dhegiha,  terms  of  kinship  are  used  with  latitude,  differing 
from  our  ordinary  acceptation  of  those  terms.  Then  follows  the 
full  definition  of  each  term.  Women  whom  a  man  cannot  marry. 
Men  whom  a  woman  cannot  marr3\ 

Women  whom  a  man  can  marry.  Men  whom  a  woman  can 
marry.  Marriage  of  a  brother's  widow.  Law  concerning  widows 
and  widowers. 


The  Sun  dance  of  the  Ogalalla  Sioux.     By  Alice  C.  Fletcher, 
of  Cambridge,  Mass. 

ThK  sun  dance  is  a  tribal  festival  at  wliich  attendance  is  com- 
pulsory. The  dance  proper  is  a  strictly  religious  rite,  entered 
voluntarily  and  performeil  in  fulfilment  of  vows  made  in  sickness 
or  trouble  in  order  to  secure  health  and  prosperity.  The  dance 
proper  is  a  centre  about  which  many  festivities  cluster,  incident 
to  a  great  annual  gathering.  Thanksgiving  and  a  desire  for  fu- 
ture benefits  are  the  essential  mental  characteristics ;  the  recog- 
nition of  supernatural  powers  and  dependence  upon  them, 
together  with  obligations  of  faithfully  performing  a  vow  are  the 
religious  characteristics ;  the  exact  observance  of  certain  forms 
and  rituals  is  demanded  of  the  priests  and  their  cooperation  is 
needful  to  secure  the  full  blessing  sought  through  the  ceremony 
by  those  taking  part  in  it. 

The  festival  generally  occurs  in  the  latter  part  of  June  or  early 
in  July  and  lasts  about  six  days.  The  time  is  fixed  by  the  bud- 
ding of  the  Artemesia  ludoviciana.  The  people  camp  in  a  circle, 
with  a  large  opening  at  the  east.  In  1882,  over  9,000  Indians 
were  so  camped,  the  diameter  of  the  circle  being  over  J  of  a  mile. 
The  tent  set  apart  for  the  consecrating  ceremonies,  which  take  place 
after  sunset  of  the  first  day,  was  pitched  within  the  line  of  tents, 
on  the  site  formerly  assigned  to  one  of  the  sacred  tents. 
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Any  number  of  persons  can  dance,  provided  they  have  vowed 
to  do  so,  but  each  year  there  can  be  but  one  Leader.  All  the 
dancers  must  conform  to  fixed  rules  and  regulations.  The  dance 
may  be  divided  into  four  degrees. 

1.  That  which  only  the  leader  can  pass  through.  He  must  vow, 
procui*e  the  articles  for  the  ceremonial,  abstain  from  forbidden 
things  and  actions,  fast,  dance,  give  away  property,  be  scarified 
and  toitured. 

2.  To  vow,  abstain,  fast,  dance,  give  away,  be  scarified  and 
tortured. 

3.  To  vow,  abstain,  fast,  dance,  give  away,  and  be  scarified. 

4.  To  vow,  abstain,  fast,  dance,  and  give  away. 
Twent3'-two  persons  danced  and  passed  these  degrees  as  follows : 

First  degree ;  the  leader  only.  Second  degree ;  one  man.  Third 
degree ;  seven  men,  one  woman  (I  could  learn  of  no  woman  ever 
having  been  tortured).  Fourth  degree;  eleven  men,  one  boy 
(11  or  12  years  old). 

The  leader  is  required  to  make  the  vow,  depend  upon  it  for  re- 
covery, if  sick,  or  deliverance,  if  in  trouble.  Soon  after,  he  must 
8Ct  about  fulfilling  the  duties' of  the  vow.  These  are,  to  kill  a 
buffalo,  preserve  the  hide,  which  must  never  be  taken  into  a  lodge, 
keep  the  fat  in  skin  bogs,  save  the  skull  and  two  chips ;  lay  away 
a  red-stone  pipe,  the  stem  ornamented  with  porcupine  quill-work ; 
accumulate  possessions  to  give  away  at  the  festival ;  abstain  from 
running,  swimming,  loud  talking,  boisterous  actions ;  live  at  peace 
and  spend  much  time  contemplating  the  fulfilment  of  his  vow. 
In  this  manner  the  winter  is  passed.  Early  in  Juhe  the  leader 
selects  a  friend  to  be  his  assistant  and  these  two  proceed  to  one  of 
the  Holy-men,  who  has  learned  the  ritual  of  the  dance,  and  with 
certain  ceremonies  offer  him  the  charge  of  the  dance.  From  the 
moment  of  his  acceptance,  the  leader  places  himself  under  the 
implicit  guidance  of  this  officiating  priest.  Everj'  dancer  chooses  a 
lay  assistant  and  a  priestly  guide.  The  leader's  assistant,  at  the 
direction  of  the  officiating  priest,  obtains  an  axe,  awl,  needle  and 
four  knives,  all  of  which  must  be  new ;  these  are  for  the  consecrat- 
ing ceremonies  and  to  be  used  in  the  rites.  The  officiating  priest 
finraraons  the  people  to  the  place  selected  for  the  festival. 

The  opening  ceremonies  begin  with  the  entrance  of  the  officiat- 
ing priest  and  the  leader,  accompanied  by  their  attendants,  into  the 
tent  before  mentioned.  All  are  painted  red  and  wear  the  buffalo 
robe  in  the  sacred  ceremonial  manner,  the  hair  outside,  the  head 
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on  the  left  arm  which  is  folded  over  the  tail  on  the  right  arm, 
A  fire  is  in  the  centre  of  the  tent,  a  spray  of  sweet  grass  laid  on 
it,  the  axe  consecrated  in  the  aromatic  smoke  and  afterward  used 
to  cut  the  sod  from  an  oblong  space  drawn  on  the  earth  back  of  the 
fire.  Tlie  brown  exposed  earth  is  then  mellowed,  and  a  few  live 
coals  laid  in  the  centre  of  the  figure,  sweet  grass  dropped  on  thezn, 
and  through  the  smoke  all  the  articles  to  be  used  during  the  cer- 
emonial are  passed  for  consecration,  after  having  been  first  wiped 
with  Artemesia.  During  this  ceremony  tlie  priest  chants  the 
ritual,  as  he  sits  facing  the  east.  The  pipe  is  filled,  smoked  and 
passed,  stem  downward.  The  tent  cloth  is  raised  that  all  the 
people  may  hear  the  praj-ers  chanted.  These  prayers  ai'e  only 
spoken  on  this  occasion,  once  a  3'ear. 

The  dancers  every  morning  repair  to  this  tent  while  certain 
rituals  are  sung,  and  in  the  evening  they  come  here  to  dance  and 
sing  the  songs  of  tlie  festival.  The  people  during  these  days  enjoy 
feasts,  dances,  etc.,  incident  to  a  reunion.  The  entire  camp, 
however,  is  under  the  charge  of  men  appointed  by  the  priest 
to  preserve  order  and  carr^'  out  the  regulations  of  the  festival. 
On  the  fourth  day  the  site  of  the  polo  is  chosen  by  men  set  apart 
for  the  task,  and  the  tree  which  is  to  serve  as  the  i>ole  is  selected 
by  young  men  appointed  to  the  dut}-,  and  a  man  of  known  worth 
is  designated  to  dig  the  hole  for  the  pole.  On  the  morning  of  this 
day  the  priest,  leader  and  attendants  repair  to  the  selected  ti'ee, 
present  the  pipe,  lifting  the  stem  for  the  first  time,  after  which 
a  pipe  is  laid  at  the  foot  of  the  tree,  a  circle  drawn  on  the  ground 
near  it,  an  offering  of  calico  tied  on  the  tree  just  below  the  branch 
which  forks  toward  the  east,  and  a  man  appointed  to  remain  and 
watch  the  spot  and  suffer  no  living  creature  to  pass  over  the  con- 
secrated ground.  At  noon  the  two  singing  societies  repair  to  the 
place,  and  seven  priests  then  light  and  smoke  the  pipe  left  by  the 
leader,  in  accordance  with  special  ceremonies.  After  this,  five 
men  and  three  girls  are  chosen  to  cut  the  tree,  observing  the  order 
of  procedure  peculiar  to  this  part  of  the  festival.  The  ti-ee  is 
then  struck  with  the  sacred  axe  by  the  first  young  man,  he  recount- 
ing his  claim  to  receive  the  honor;  he  leaves  the  axe  sticking  ||^ 
the  gash,  the  second  3'oung  man  pulls  it  out,  lifts  it,  rec*ounts  his 
deeds,  and  strikes,  leaving  the  axe  in  the  tree,  and  so  on  by  the 
five  men,  and  the  tree  is  thus  girdled  with  gashes.  The  girls  then  fell 
the  tree  which  must  drop  to  the  west.  It  is  earned  to  the  camp 
circle  on  a  litter  of  sticks  and  must  not  be  handled  or  stepped  over. 
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Before  it  reaches  the  camp,  the  open  circle  is  charged  by  all  the 
able-bodied  men  iu  gala  dress,  their  ponies  decked  and  painted. 
They  dash  across  the  plain  at  full  run,  and  skirt  the  outside  of 
the  line  of  tents.  The  pole  is  painted  and  the  offerings  tied  upon 
it  and  erected  with  elaborate  rites.  After  which  a  circular  en- 
closure of  boughs,  having  an  opening  at  the  east,  and  a  roof 
formed  of  tent  poles,  resting  on  crotched  sticks  and  covered  with 
tent  cloths.  The  poles  and  tent  cloths  are  contributed  by  the 
different  divisions  of  the  tribe.  The  ceremony  of  peircing  the 
children's  ears  is  now  in  order,  and  a  vast  amount  of  possessions 
changes  hands  during  these  ceremonies.  The  rites  incident  to  the 
puberty  of  girls  take  place  at  this  time.  On  the  following  day 
at  noon  the  embowered  circle  about  the  pole  is  charged  by  men  on 
foot,  who  make  four  advances,  led  b}'  the  chosen  warriors,  and  at  the 
fourth  charge,  pass  out  at  the  eastern  entrance.  Soon  after,  the 
sun  dancers  enter,  naked  to  the  waist,  with  embroidered  widths  of 
cloth  reaching  nearly  to  their  ankles  and  belted  at  their  waists. 
Their  feet  are  bare,  on  their  heads  are  crowns  of  Artcmesia  with 
Lorns  cut  from  rawhide  and  painted  blue.  In  their  hands  arc 
sprays  of  Artemesia.  The  leader  carries  in  his  arms  the  buffalo 
skull ;  with  the  priest  followed  by  their  attendants,  they  slowly 
pass  round  the  circle  by  the  south  to  east,  the  skull  being 
placed  opposite  the  pole  and  the  entrance.  The  space  behind 
the  skull  is  occupied  by  the  leader  and  officiating  priest,  the  other 
dancers  with  their  priests  and  attendants  are  to  the  right  and  left. 
The  dancers  have  fasted,  tasting  neither  food  nor  water,  since  the 
time  the  pole  was  cut,  and  they  now  dance,  at  intervals  during  the 
rest  of  the  day  and  night  and  until  after  noon  of  the  following 
day.  When  they  dance  they  use  a  whistle  which  is  made  from 
the  wing  bone  of  an  eagle,  ornamented  at  one  end  by  a  peculiar, 
soft  feather  used  in  religious  ceremonies.  They  blow  this  whistle 
to  the  rhythm  of  the  song  which  is  sung  by  the  societies,  ac- 
companied by  a  drum  made  of  a  hide  dried  for  this  occasion. 

On  the  morning  of  the  sixth  day,  the  buffalo  skull  is  painted 
with  a  sign  in  blue  color,  indicating  the  four  winds.  An  oval 
space  is  marked  out  on  the  earth  behind  it,  the  sod  cut  off  and  laid 
to  the  east  of  the  oval ;  upon  the  top  of  this  heap  the  skull  is 
placed.  The  soil  within  the  oval  is  then  mellowed  and  a  figure 
iiimilar  to  that  painted  upon  the  skull  is  cut  upon  it,  and  into  it 
tobacco  is  dropped.    The  soil  of  the  oval  and  the  skull  are  painted 
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Willi  dushes  of  red  ochre.  A  rest  for  the  pipe  is  set  up,  just  behind 
the  oval,  the  bowl  of  the  pipe  put  on  a  bufTalo-chip,  the  rest  sup- 
port iug  the  stem.  Artemesia  is  spread  back  of  this  and  anotlicr 
buffalo-chip  set  further  back  to  receive  the  ashes.  Sweet  grass 
is  placed  in  given  spots  and  offerings  of  food  placed  on  the 
ground  near  the  skull.  At  this  time  all  the  dancers  ai*e  paintetl 
according  to  the  visions  of  their  respective  priests.  Scarifica- 
tions are  next  performed.  After  noon,  the  leader  is  led  to  the 
pole,  when  according  to  certain  ceremonies  the  flesh  is  punc- 
tured a  little  above  the  nipples  by  a  wedge-shaped  knife,  and 
a  stick  having  one  end  embroidered  with  porcupine  quills  is 
inserted.  To  this  skewer  the  raw  hide  rope  fastened  to  the 
pole  is  secured,  and  the  man  is  led  out  toward  the  east  until  the 
rope  is  taut.  A  large  amount  of  goods  are  then  given  awa}^  aud 
many  ccremonied  take  place  lo  insure  him  a  speedy  release. 
When  a  certain  song  is  started,  be  must  put  his  whistle  in  his 
mouth  and  bracing  himself  pull  with  all  his  force,  until  he  shall 
tear  the  flesh  loose.  When  one  side  gives  way  he  raises  his  hand, 
palm  upward  to  the  sky,  as  a  sign  of  thanks  for  the  deliverance. 
With  one  man  the  struggle  lasted  nearly  twenty  minutes.  When 
these  tortures  are  completed  the  festival  is  over. 


The  Davenport  Tablets.    By  Horatio  N.  Rust,  of  Pasadena, 
Cal. 

[▲B8THACT.] 

Believing  that  the  pictures  on  the  Davenport  Tablets  lack 
evidence  of  great  antiquity,  and  are  the  work  of  the  Indians  who 
were  recent  Mound  builders,  I  took  representations  of  the  Tablets  to 
the  Dakotas,  showing  them  to  several  of  the  older  members  of  the 
tribe,  telling  them  how  they  were  found,  and  asking  what  they 
meant.  The  answers  were  in  each  instance  substantially  the  same 
and  without  hesitation,  viz. : 

That  the  picture  of  the  *'  mound  "  represents  an  earth  lodge, 
in  which  a  dance  was  being  held. 

The  '*  prostrate  forms "  represented  those  i^ersons  who  were 
overcome  by  the  eflbrts  and  excitement  of  the  dance. 
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The  ''  curling  smoke  '*  arose  from  a  fire  in  the  lodge,  indicating 
that  the  dance  was  held  in  cold  weather. 

The  ^^  moon  and  stars  "  signify  that  the  dance  was  conducted 
in  the  night. 

The  ^Mipright  marks"  around  the  lodge  represent  a  fence  of 
sticks  set  in  the  ground.    A  common  custom  among  them  to-day. 

The  irregular  mai*kings  which  some  persons  have  tried  to  in- 
terpret as  evidence  of  a  written  language,  were  simply  orna- 
mental markings  conveying  no  intelligence. 

Similar  earth  lodges  destroyed  by  time  and  other  causes  have 
formed  many  mounds  and  groups  of  mounds,  which  now  may  be 
Been  upon  the  benches  all  along  the  Missouri  River. 


A  Find  of    Ceremonial  Weapons  in  a  Florida  Mound,  with 

BRIEF  notice   OF  OTHER   MOUNDS   IN   THAT   StATE.      By    A.    £. 

Douglass,  of  New  York,  N.  Y. 

[ABSTRACT.] 

While  considerable  attention  has  been  paid  to  the  sand  and 
shell  mounds  upon  the  western  or  Gulf  coast  of  Florida,  as  well 
as  those  upon  the  St.  John's  river  and  its  tributaries,  the  mounds 
distributed  in  equal  abundance  along  the  Atlantic  border  of  tlie 
State  have  up  to  the  present  time  almost  escaped  notice.  Gradu- 
ally they  are  fading  away  under  the  corrosion  of  agriculture  and 
the  elements,  and  the  more  serious  evil  of  the  curiosity  of  relic 
hunters,  intent  simply  upon  the  acquisition  of  some  object  of 
pecuniary  value,  indifferent  meanwhile  to  the  characteristics  of 
the  mound  they  destroy,  and  to  the  facts  attending  the  locality 
of  the  objects  obtained  which  may  invest  them  with  peculiar 
archffiological  value.  Relics  of  metal  have  gone  into  the  melt- 
ing pot,  and  others  of  stone  have  been  broken  in  the  handling 
and  finally  thrown  away  and  lost. 

Employing  a  few  weeks  in  each  winter  during  the  last  four 
years,  I  have  taken  wbat  I  may  call  an  enthusiastic  interest  in 
rooording  the  characteristic  features  of  and  in  excavating  more 
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than  forty  of  these  sand  mounds,  comprising  all  that  I  was  able 
to  hear  of,  on  a  seaboard  of  about  one  hundred  and  twenty  miles 
in  length,  and  averaging  twelve  miles  in  width.  This  district, 
commencing  about  ten  miles  south  of  the  mouth  of  the  St.  Jobn's 
river,  extends  to  the  southern  limit  of  Mosquito  Lagoon,  and  com- 
prises the  eastern  halves  of  St.  John's  and  Volusia  Counties. 
Like  the  seaboard  of  North  and  Soutb  Carolina  and  Georgia,  the 
coast  of  Florida  presents  a  continuous  line  of  outlying  islands  or 
long  and  narrow  peninsulas,  wholly  or  partially  separated  from 
the  mainland  by  salt  water  lagoons  which  afford  navigable  water 
channels  for  the  entire  distance  of  three  hundred  miles  from  the 
mouth  of  tlie  St.  John's  to  Jupiter  Inlet,  except  when  interrupted 
by  narrow  tongues  of  land  connecting  with  the  mainland  which 
interpose  in  the  aggregate  about  twelve  miles  of  laud  carriage. 

The  shell  mounds  in  the  district  I  have  explored  are  mostly 
found  upon  the  coast  islands  or  peninsulas,  while  the  «and  mounds 
are,  with  very  few  exceptions,  found  upon  the  mainland,  and  gen- 
erally near  to  streams  of  fresh  water,  which,  draining  the  swamps, 
hammocks  and  pine  barrens  of  the  back  country  empty  into  the 
salt  lagoons.  The  relics  found  in  the  sand  mounds  were  quite 
abundant  in  St.  John's  Countj^  but  became  more  infrequent  as  I 
entered  the  northeastern  border  of  Volusia  Count}'.  The  mounds 
themselves,  however,  gradually  increased  in  dimensions,  averaging 
north  of  the  Halifax  river  not  over  ten  feet  in  height,  while  those 
south  of  Mosquito  Inlet  ranged  in  height  from  twelve  to  twenty- 
three  feet.  Another  remarkable  fact  was  the  prevalence  of  the 
celt,  sometimes  abundantlj',  in  the  St.  John's  County  mounds, 
while  south  of  the  northern  extremity  of  the  Halifax  river,  in  an 
examination  of  eighteen  mounds,  not  one  of  these  implements 
appeared. 

The  first  sand  mound  I  had  the  pleasure  of  excavating  was 
what  was  called  the  Sanchez  Mound,  about  eight  miles  north  of 
St.  Augustine,  on  a  point  of  land  formed  by  the  confluence  of  the 
North  river  and  Guano  Creek.  Though  of  moderate  dimensions, 
nine  feet  in  height  with  a  base  diameter  of  seventy-five  feet,  it  pro- 
duced a  most  abundant  yield  of  celts  (24)  in  connection  with  many 
other  interesting  objects.  Four  of  these  celts  I  venture  to  submit 
for  your  inspection  as  samples  of  more  than  one-half  the  number, 
the  remainder  being  but  little  inferior  except  in  condition  and  by 
reason  of  injury.    The  workmanship  of  these  objects  could  hardly 
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be  excelled  even  with  the  snpcrioi*  tools  we  now  possess,  nor  their 
symmetry  more  than  equalled  by  the  skilled  artisan  of  the  present 
day. 

We  estimated  that  there  were  over  twenty  original  burials  in 
this  mound,  if  we  may  so  term  deposits  of  bonee  made  after  years 
of  exposure  to  the  elements  had  wasted  all  but  tlie  most  substan- 
tial. These  were  deposited  as  nearly  as  we  could  ascertain  about 
two  feet  above  the  original  level  of  the  ground,  and  occupied  a 
circle  of  eighteen  feet  in  diameter.  Uracil  cluster  of  bones  was 
surmounted  by  the  skull,  and  the  whole  mass  encrusted  with  red 
paint  which  discolored  the  sand  an  inch  or  two  around  them,  and 
proved  a  useful  guide  to  the  workmen  in  detecting  their  proximity. 
Only  two  flint  spearheads  were  found,  and  it  may  be  well  to  note 
that,  in  arrow  and  spcarpoiuts  combined,  the  aggregate  product  of 
forty-one  mounds  was  less  tlian  twenty.  This  is  a  remarkable 
fact  when  we  consider  that  the  Spanish  historians,  without  ex- 
ception, make  no  mention  of  stone  implements  other  than  arrow- 
heads in  use  bv  the  Indians  at  the  time  of  the  discovery  of 
Florida,  while  the  abundance  of  celts  exhumed  in  this  and  other 
mounds  would  indicate  that  at  some  previous  time  they  were  in 
general  use.  None  of  these  celts  were  found  in  juxta{)08ition 
with  the  bones,  but  were  scattered  singly  throughout  the  interior 
of  tlie  circle  at  depths  from  the  summit  plateau  varying  from  two 
to  six  feet.  No  beads  were  found  in  this  mound,  but  in  others 
they  were  occasionally  abundant  and  were  generally  found  in 
quantities  laid  immediately  upon  the  skull  which  capped  each  de- 
l)osit  of  bones. 

The  most  singular  and  interesting  discovery,  it  has  been  my 
good  fortune  to  make  during  these  explorations,  occurred  while 
excavating  Banner  Mound,  known  generally  throughout  the  coun- 
iry  as  Mound  Oswald.  This  is  situated  upon  a  tongue  of  ele- 
Tatc<l  land  at  the  intersection  of  Tomoka  creek  with  the  Halifax 
river  in  the  northeast  section  of  Volusia  County.  This  creek  drains 
a  large  expanse  of  swamp  lying  some  twelve  miles  east  of  the  town 
of  Volusia  (upon  the  St.  John's  river)  and  is  navigable  from  its 
mouth  for  a  distance  of  ten  miles  for  vessels  drawing  Ave  feet  water. 
Running  for  this  distance  nearly  due  north,  it  intersects  the  Hali- 
fax river,  whose  course  is  from  northwest  to  southeast,  at  a  very 
acute  angle,  and  the  point  thus  formed  was  under  continued  culti- 
vation from  early  English  times,  say  1770  up  to  the  Indian  wars 
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of  1837-42,  when  the  settlers  were  finally  driven  off,  and  since 
when  it  has  been  deserted.  It  is  now  covered  with  a  magnificent 
park-like  growth  of  oaks,  palmettoes  and  pines.  The  surface 
slightly  undulating  is  elevated  on  the  average  ten  feet  above  the 
level  of  the  water,  and  about  a  mile  and  a  half  from  the  extreme 
point  forms  a  series  of  parallel  ridges,  possibly  the  vestiges  of  an 
ancient  sea  beach.  Upon  the  western  termination  of  one  of  these 
ridges,  this  mound  was  raised,  the  constructors,  as  is  frequently 
the  case,  availing  of  the  natural  elevation  to  give  a  more  imposing 
height  to  the  structure  on  one  side  at  least.  Hence,  while  on  the 
north  its  perpendicular  height  appears  as  fourteen  feet,  on  the 
south  where  the  natural  depression  has  been  increased  by  cxca- 
tion  for  materials,  its  height  appears  as  twenty-four  feet.  On  the 
north  the  slope  of  the  mound  rises  abruptly  at  an  angle  of  forty- 
five  degrees,  while  on  the  south  it  rises  gently  to  the  summit  at  an 
angle  of  thirty  degrees.  The  plateau  on  the  summit  (comncion  to 
roost  of  these  larger  mounds)  was  slightly  convex  and  twenty- 
eight  feet  in  diameter.  The  southern  half  of  this  plateau  was  cov- 
ered with  a  dense  scrub,  while  the  centre  and  northern  area  was 
crowned  with  palmettoes,  oaks,  hickories  and  sweet  baj-,  all  of 
great  size.  A  trench  twelve  feet  long,  and  from  three  to  five  feet 
wide  had  been  excavated  by  some  previous  explorer  from  the 
southeastern  edge  of  the  plateau  to  a  point  about  eight  feet  north 
of  the  centre.  Commencing  with  a  dej^th  of  three  feet  it  gradu- 
ally descended  to  a  depth  of  eight  feet  at  its  terminus.  The  fruits 
of  this  enterprise,  undertaken  as  I  understood  some  3'ears  before 
by  a  party  attached  to  the  Coast  Survey,  I  never  learned  ;  had  the 
result  been  fortunate  no  doubt  it  would  have  been  continued  over 
the  entire  surface ;  possibly  therefore  it  proved  a  failure.  The 
labor  of  clearing  the  surface  of  a  large  mound  of  the  growth  of 
scrub  and  timber  is  very  considerable,  and,  without  doing  this,  it 
is  exceedingly  difficult  to  estimate  the  true  position  of  the  centre 
toward  which  the  excavation  must  usually  be  directed  as  likely  to 
produce  the  best  result.  After  clearing  the  plateau  of  trees  (a 
work  of  severe  labor  and  occujoying  several  hours),  we  commenced 
a  trench  along  the  edge  of  the  plateau,  twenty  feet  in  length, 
four  in  width  and  the  same  in  depth.  Occupying  this,  the  six 
men  were  then  faced  toward  an  objective  point  on  the  oppo- 
site edge  of  the  plateau,  and  we  proceeded  to  excavate  a  trian- 
gular pit,  descending  as  we  advanced  till  at  the  centre  we  reached 


BY   A.    E.    DOUGLASS.  589 

a  depth  of  fourteen  feet.  Before  doing  this,  the  surface  of  the 
moand  was  carefully  raked  over  and  the  debris  examined,  as  ob- 
jects lightly  buried  arc  occasionally  exposed  by  the  wear  and  tear 
of  stoims  for  centuries,  and  might,  without  this  precaution,  be 
again  buried.  In  this  instance  we  found  a  stone  ornament  de- 
signed as  we  supposed  to  be  used  as  the  brooch  for  a  necklace  of 
shell.  Our  labor  the  first  day  was  otherwise  quite  fruitless,  but 
on  the  morning  of  the  second  day  one  of  my  crew,  practised 
in  the  work,  detected  by  the  sound  upon  his  spade  a  substance 
foreign  to  the  sand,  and  dropping  the  implement  went  to  work 
with  his  hands,  and  quickly  unearthed  a  beautiful  ceremonial 
weapon  popularly  known  as  a  banner  stone.  Groping  about  the 
spot  with  his  hands  he  encountered  one  after  another  until  five  had 
been  brought  to  light  ail  in  perfect  condition.  They  were  lying 
upon  the  same  plane,  but  a  few  inches  from  each  other,  and  four- 
teen inches  only  beneath  the  surface.  It  was  not  till  two  hours 
later,  that,  working  npon  a  lower  level,  he  unearthed  three  more  of 
the  same  objects.  Tliese  latter  were  found  immediately  below 
the  first  five  at  a  further  depth  of  three  feet,  and  were  placed  ver- 
tically one  above  the  other,  separated  by  a  film  or  thin  stratum  of 
sand.  With  one  exception  these  eight  objects  arc  as  fresh  and 
new,  save  a  slight  discoloration,  as  when  they  left  the  maker's 
hands.  They  are  the  only  objects  of  the  class  I  have  ever  found 
in  the  Florida  mounds,  nor  have  I  heard  of  the  discovery  of  any 
in  the  state.  This  fact  coupled  with  the  number  in  this  find,  and 
the  evidently  studied  design  in  tiieir  arrangement,  warrants  me  in 
considering  them  the  stock  of  a  manufacturer  and  trader  in  such 
objects,  who  had  availe<l  of  this  mound  to  conceal  his  store,  while 
he  singly  disposed  of  them,  or  else  finding  his  safety  risked  had 
sought  to  hitlc  them  until  he  could  again  venture  into  the  neigh- 
borhood and  resume  his  trade.  All  these  objects,  as  I  before  said, 
are,  with  one  exception,  absolutely  perfect.  They  might,  save  for 
a  slight  discoloration,  have  left  the  makers'  hands  but  yesterday, 
60  clean  and  finished  and  unblemished  do  they  appear.  This  ex- 
ceptional one,  however,  is  plainly  many  centuries  older.  It  is 
covered  with  an  amount  of  patina  only  to  be  acquired  by  ex- 
posure for  a  vast  period  of  time.  Five  of  these  objects  are  of  this 
special  pattern,  and  one  of  its  characteristics  is  common  to  all  the 
specimens,  that  is,  the  ridge  which  accommodates  the  perforation 
is  on  one  side  rounded^  on  the  other  Jlattened,    It  seems  a  fair  in- 
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ference  alter  inspecting  these  objects,  tLat  tbe  malier  becoming 
possessed  of  tliis  ancieDt  specimen  used  it  as  a  pattern  for  tbe 
rest,  and  may  Jiave  used  it  for  many  another. 
Tliis  specimeD  (Hg.  1 )  consists  of  two  semicircular  flanges,  or 


wings  or  blades  of  thin  stone,  stalling  on  opposite  sides  from  ft 
thicker  ridge  perforated  tliroughont  its  extpiit.  From  etige  to  edge 
of  these  flanges  the  distance  is  five  and  one-fourth  inches,  llie  length 
along  the  axis  or  lidge  is  four  inches,  tbe  perforation  throtigbont 


Fio. a. 
the  length  of  the  ridge  is  one-lialf  inch  in  diameter  and  absolutely 
true.     Two  others  of  this  pattern  arc  abont  the  same  dimensions, 
and  two  olliers  are  slightly  amaller.     Again,  two  other  specimeos 
represent  what  rany  be  called  the  double  battle-axe  pattern  {fig-2)- 
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The  flatteDed  edge  of  tUe  blades  forbids  any  idea  of  their  having 
been  intended  or  used  for  any  warlike  purpose.  The  distance  from 
one  edge  to  the  ottier  is,  in  one  of  tliese  objects,  five  and  a  quarter, 
&nd  in  tlie  other,  five  inches.  These  blades  or  flanges  contract 
in  width  as  ttiey  approach  each  other  and  merge  into  an  axis  or 
perforated  ridge  two  and  one-fonrth  incites  in  length,  seven-eightlis 
of  an  inch  in  thiclcness,  while  tlie  perforation  llirongli  its  length 
is  one-lialf  incli  in  diameter.  These  two  similar  objects  laid 
ntliwart  each  other  would  fairly  repi-esent  a  Maltese  cross. 
The  eighth  specimen  (fig.  3)  differs  from  the  first  five,  onlj-  in  sup- 
pressing the  ridge  on  one  side  of  the  object  altogether,  and  thus 
having  onesnrface  absolutely  flat,  while  a  rounded  ridge  shows  upon 
the  other.  The  peculiarity  of  all  tliese  objects  is  the  possession  of 
this  ridge  flattened  upon  odg  side  and  rounded  upon  the  other. 
Of  one  hundred  and  fifteen  objects  belonging  to  the  class  of  cere- 


monial  weapons  in  my  possession,  these  and  one  other  in  a  frag- 
mentary condition  alone  present  this  characteristic.  It  is  remarlf- 
able  bow  from  the  condition  and  arrangement  of  this  deposit  one 
can  trace  the  mode  in  which  the  liader  buried  tiiese  objects,  and 
mark  bis  ingenuity  oa  he  continued  to  conceal  and  render  eecuro 
a  part,  if  not  all,  of  his  hoard. 

Selecting  for  the  purpose  a  mound  which  the  local  tribes  would 
be  little  likely  to  disturb,  he  proceeded  hastily  to  excavate  a 
cavity  wherein  he  could  spread  them  at  length.  He  needed  an 
implement  for  the  purpose,  and  the  ancient  specimen  before  you 
answered  most  admirably.  Observe  how  the  attrition  of  the  band 
holding  it  has  polishe<)  the  patina  of  the  one  flange,  while  the 
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other  presents  a  roughened  edge  fractared  and  splintered  through 
the  overlying  patina  by  the  nse  to  which  be  put  it«  and  showing  in 
the  fracture  the  natural  color  of  the  stone.  But,  as  he  digs,  bis 
ingenuity  finds  display  in  separating  the  hoard  into  two  parts,  so 
that  if  one  should  be  discovered  the  other  part  might  escape  de- 
tection. After  clearing  a  space  sufficiently  long  and  wide  to  per- 
mit of  his  spreading  the  five  at  length,  he  sank  in  the  centre  a 
circular  hole  three  feet  in  depth,  the  extreme  length  of  his  arm 
and  implement,  and  here  he  deposited  three  of  the  objects  one 
above  the  other,  as  they  were  found,  filling  up  the  hole  with  sand 
to  the  level  above.  All  that  remained  was  to  spread  out  the  five 
remaining  specimens  in  the  trough  prepared  for  them,  and  heaping 
the  sand  above  them  by  means  of  the  same  ancient  tool,  he  finally 
thrust  it  into  the  end  of  the  trench,  and  there  it  was  my  good  for- 
tune to  find  it  with  the  rest,  some  four  centuries,  perhaps  more, 
afterwards.  It  remains  but  to  say  that  the  mound  proved  entirely 
destitute  of  burials  either  original  or  intrusive,  nor  were  any  other 
objects  of  interest  found.  We  worked  diligentl}'  until  our  exca- 
vation had  reache<l  the  point  aimed  at  on  the  opposite  edge  of  the 
summit  plateau,  but  without  result.  I  would  say  briefly  that  this 
whole  district  must  in  ancient  times  have  supported  a  most  abun- 
dant population.  About  two  miles  to  the  eastward  upon  the  op- 
posite shore  of  the  Hall  fax  river,  a  mound  of  shell  debris  extends 
for  a  distance  of  nearly  ten  miles  along  the  shore.  Its  average 
elevation  is  about  fifteen  feet,  and  its  width  at  base  one  hundred 
and  fifty  feet.  It  is  clothed  with  matted  vegetation  upon  the 
sides,  and  crowned  with  noble  oaks  and  pines  upon  its  ridge. 
Many  other  shell  mounds  and  fields  are  found  in  the  neighborhood, 
all  witnessing  an  abundant  population  in  the  unknown  past. 


Recent  Arch^ologtcal  Discoveries  in  Vermont.     By  G.  H. 
Perkins,  of  Burlington,  Vt. 

[abstract.] 

Not  far  from  Middlebuiy,  Vt.,  some  peculiar  specimens  have 
been  found  under  conditions  which  make  it  pi*obable  that  they 
are  the  oldest  implements  yet  discovered  in  the  state.  The  sur- 
face soil  at  this  locality  is  a  clay-loam  about  a  foot  in  depth. 
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Uniler  this  is  a  yellow  snbsoil.    An  apple  tree  in  the  orchard  of  a 
farmer  was  uprooted   and  in  clearing    away   the  debris  stono 
implements  were  discovered.    This  led  to  further  investigation  and 
by  persevering  efforts  quite  a  collection  of  objects  was  obtained* 
These  were  in  the  3'ellow  subsoil  from  18  to  24  inches  below  the 
loam  and  from  30  to  36  inches  below  the  surface  sod.    There  was 
DO  evidence  that  the  soil  had  been  disturbed  or  that  the  objects 
found  had  been  deposited  in  graves.     The  specimens  are  them« 
selves  peculiar,  being  unlike  any  others  found  in  Vermont.    The 
material  is  in  most  cases  a  brownish  siliceous  stone  from  which 
"  turtle  backs  "  and  other  large  and  rather  rude  objects  had  been 
flaked.     Ground  implements,  as  celts  and  other  like  objects  also 
have  been  found  and  a  short  cylinder  of  hard-burned  pottery.    An- 
other interesting  locality  which  I  visited  last  summer  proved  to 
be  the  site  of  a  village.     Old  settlers  near  by  say  that  fifty  years 
ago  many  skeletons  were  found,  but  none  can  be  found  at  present. 
However,  from  all  the  cultivated  fields  which  border  what  is  known 
as  Bristol  pond  in  Addison  county,  great  numbers  of  implements 
have  been  obtained.    These  fields  are  many  of  them  on  hillocks 
and  the  soil  is  in  some  of  them  clay,  in  others  sandy,  and  in 
either  case  there  are  few  stones  of  any  sort  except  angular  frag- 
ments brought  by  the  former  occupants.    These  are  of  all  sizes  from 
masses  weighing  eight  or  ten  pounds  to  small  fiakes,  the  latter  pre- 
dominating.   Over  considerable  areas  the  ground  is  completely  filled 
with  flakes  and  the  total  amount  of  material  which  must  have  been 
transported  from  a  considerable  distance  to  this  village  is  very 
great.       Hammerstones  are,  or  rather  were,  for  the  region  has 
been  thoroughly  looked  over,  so  abundant  as  to  be  gathered  by  the 
basketful,  and  I  presume  that  first  and  last  a  small  wagon  load  of 
these   implements  has  been  carried  off  from  this  locality.     The 
flaked  implements  are  peculiar  in  their  large  size'  and  rudeness. 
The  material  is  almost  uniformly  gray  quartzite.     It  seems  prob- 
able that  the  large  flaked  implem^ents  were  used  as  hoes  or  spades. 
It  is  difficult  to  guess  at  any  other  use  to  which  they  may  have 
been  put.     Well  ground  celts  and  axes,  pestles,  amulets,  banner 
stones,  etc.,  occur  and  also  finely  flaked  knives  and  arrowpoints, 
but  by  far  the  greater  number  of  specimens  found  are  either  rather 
rudely  made  ^'  turtle  backs,"  or  triangular  or  lanceolate  objects 
fi-om  three  to  six  inches  long  and  two  to  four  inches  wide.    Frag- 
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inents  of  pottery  of  very  good  quality  have  also  been  found  aod 
one  bone  object,  the  tj-ne  of  a  deer's  horn  notched  at  the  base  as 
if  for  the  attachment  of  a  cord.  It  is  not  supposed  that  this  vil* 
lage  site  was  occupied  in  very  remote  times — there  is  no  evidence 
of  that — but  yet  it  must  have  been  before  the  occupation  of  the 
country  by  white  men,  since  had  there  been  a  settlement  there 
then,  some  tradition  or  account  of  it  would  remain  until  now. 


TITLES  OF  OTHER  PAPERS  READ  IN  SECTION  H. 


A  SCHEME  OF  ANTHROPOLOOT.  By  O.  T.  Masou,  of  Washington, 
D.  C. 

On  the  cohparatiye  phonology  of  four  Siouan  languages.  By 
J.  Owen  Dorsey,  of  Washington,  D.  C. 

Notice  of  a  collection  of  Siopx  weapons  and  articles  of  dress. 
By  G.  II.  Perkins,  of  Burlington,  Vt. 

Exhibition  of  a  collection  of  chipped-stonk  implements  from 
THE  Pacific  coast.     By  H.  N.  Rust,  of  Pasadena,  Cal. 

Who  built  the  mounds  ?    By  P.  R.  Hoj',  of  Racine,  Wis. 

Who  made  the  native-copper  implements  of  North  America? 
By  P.  R.  Hoy,  of  Racine,  Wis. 

Monumental  and  art  remains  in  the  lake  regions  of  Ohio, 
Pennsylvania  and  New  York.  By  Wills  De  Hass,  of 
Washington,  D.  C. 

ARCHiGOLOGICAL  EXPLORATION  :  PROGRESS  OF  DISCOVERT.      By  WillS 

De  Hass,  of  Washington,  D.  0. 

Mountain  antiquities.    By  Wills  De  Hass,  of  Washington,  D.  C. 

Geological  testimony  to  the  antiquity  of  man  in  America.  By 
Wills  De  Hass,  of  Washington,  D.  C. 
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"  Pagan  "  Iroquois  festivals.  By  Erminnie  A.  Smith,  of  Jersey 
City,  N.  J. 

Beliefs  and  superstitions  of  the  Iroquois  Indians.  ^  By 
Erminnie  A.  Smith,  of  Jersey  Cit}",  N.  J. 

A  few  deductions  from  a  "  Dictionary  op  the  Tuscarora 
DIALECT."    By  Erminnie  A.  Smith,  of  Jersey  City,  N.  J. 

Home  life  among  some  of  the  North  American  Indian  tribes. 
By  Alice  C.  Fletcher,  of  Cambridge,  Mass. 

The  bleaching  of  the  Aryans.  Was  it  done  by  the  law  of 
repetition  ;  the  accumulation  of  effects  ?  By  Virginia  K. 
Bowers,  of  Newport,  Ky. 

Influence  of  climate  of  Canada  on  Europeans.  By  Wm.  H. 
Hingston,  of  Montreal,  Canada. 

Stone  implements  of  Bomoseen  and  Castleton  river  valleys. 
By  John  McNab  Currier,  of  Castleton,  Vt. 

A  stoke-orave  in  Illinois^.  By  Charles  Rau,  of  Washington, 
B.C. 

On  copper  implements  and  ornaments  from  North  America.' 
By  F.  W.  Putnam,  of  Cambridge,  Mass. 

The  contents  of  eighty-four  stone-graves  at  Brentwood,  Tenn.* 
By  F.  W.  Putnam,  of  Cambridge,  Mass. 

Account  of  three  mounds  explored  in  Ohio  and  Tennessee.^ 
By  F.  W.  Putnam,  of  Cambridge,  Mass. 

Discovery  of  the  remains  of  a  log  structure  belonging  to  the 
stone-grave  period  in  Tennessee.^  By  F.  W.  Putnam,  of 
Cambridge,  Mass. 

>  WiU  bo  printed  in  fill  in  Second  Annnal  Report  of  the  Bureau  of  Ethnoloffj 
Smithsonian  Institntion. 

*  Published  in  the  American  Natnralist,  1888. 

*  Published  in  fUll  with  illustrations  in  15th  Report  Peabody  Museum  of  American 
Archeology  and  Ethnology,  Cambridge,  1882. 

*  The  substance  of  these  three  papers  will  be  given  in  the  16th  Report  of  the  Pea- 
body  Museum  of  American  Archnology  and  Ethnology,  Cambridge,  1883. 
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Statistics  im   Aoricclturk.    By  J.  R.  Dodoe,  of  Washington, 

D.  C. 

[abstract.] 

The  offices  and  utilities  of  statistics  in  agriculture  are  indicated 
in  this  paper.  Among  these  are  :  —  tlie  effort  to  measure  the  extent 
of  national  resources,  contrast  tlie  actual  witli  the  possible  in  pro- 
duction, to  weigh  the  effect  of  over-production  in  reducing  prices, 
to  show  the  error  of  reliance  on  uncertain  markets,  and  mark  the 
correlation  of  the  industries,  and  the  progress  of  the  sciences  in 
their  application  to  rural  arts.  It  shows  how  the  emigrating 
farmer  is  guided  by  the  light  of  statistics  in  seeking  a  liome, 
choosing  a  location  suited  to  his  new  circumstances,  deciding 
whether  to  sell  or  store  his  crops  at  harvest,  and  in  successive 
seasons  whether  to  enlarge  or  to  restrict  the  area  of  a  given  crop. 

It  states  that  orderly  and  [Scientific  presentation  of  present  and 
future  accumulations  of  results  of  feeding  experiments,  that  reveal 
the  mysteries  of  animal  physiology,  will  soon  bear  an  important 
part  in  solving  the  problem  of  successful  meat  production.  In 
view  of  the  fact  that  the  increase  of  value  of  all  feeding  material 
is  greater  than  the  advance  in  price  of  the  product,  thus  reducing 
the  margin  of  profit,  this  has  become  a  vital  question  —  how  to 
produce  a  larger  percentage  of  meat  from  a  given  measure  of 
nutrients  in  feeding.  Data  from  present  and  future  experiment 
stations  will  be  useful  in  this  work,  especially  in  showing  the  loss 
in  flesh-making  by  exposure,  by  irregularity  in  time  or  quantity  of 
feeding,  by  excess  of  succulent  feed  at  one  season  followed  by  a 
ration  of  peculiar  harshness  and  dryness  during  another  period. 
Such  statistics  may  harmonize  the  discrepant  views  of  chemists 
and  feeclers  upon  the  value  of  ensilnge  and  the  utility  of  the  silo, 
and  show  the  physiological  necessity  for  variety,  and  possibly 
teach  how  meat  may  be  made  in  winter  as  well  as  in  summer,  on 
hay  and  grain  as  well  as  grass,  and  eventually  teach  how  two 
pounds  of  meat  may  be  made  where  one  was  made  before,  and  on 
a  proportionally  less  quantity  of  nutriment. 

(699) 
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Statistics  have  also  been  useful  in  reducing  the  overweening 
egotism  of  the  cotton  interest,  which  once  assumed  the  regencj'of 
production  and  the  dictatorship  of  exchange.  Now  the  cereals 
have  assumed  the  lead  in  exportation,  and  the  products  of  the 
plebeian  swine  equal  in  value  half  of  the  exports  of  the  patrician 
crop.  A  revolution  is  in  progress,  aided  by  statistics,  showing  the 
superior  economy  in  cotton  production  through  its  subordination 
to  diversification  and  rotation  in  a  general  system  of  cropping,  by 
which  the  cost  of  culture  is  reduced,  and  the  net  profit  of  produc- 
tion increased.  The  progress  of  the  south  is  shown  in  agriculture, 
in  social  and  commercial  economies,  and  in  manufacture  of  cotton. 
The  prediction  is  made  of  the  increase  of  this  industry  to  a  practical 
equality  with  the  north  and  Europe  in  consumption  of  the  raw 
product. 

The  effect  of  the  coordination  of  the  facts  of  sheep-husbandry 
upon  that  interest  is  given,  showing  that  the  results  of  breeding 
in  increasing  weight  and  density  of  fleece  and  capacity  for  flesh- 
taking  have  been  followed  by  extension  of  flocks  and  inci-ease  of 
price ;  and  that,  on  the  contraiy,  the  exhibit  of  sudden  reduction 
of  wool  had  swept  the  pastures  as  with  a  besom  of  destruction  — 
as  in  1868,  when  four  millions  of  peltless  carcases  were  rendered 
for  their  tallow.  The  causes  are  slight  that  lead  to  the  reduction 
of  numbers  and  the  abandonment  of  this  industry  —  so  sensitive 
is  it  to  fluctuations  of  price  —  and  the  necessity  for  a  uniform 
tariff  ix)licy  is  emphasized  by  these  facts.  The  increase  of  wool- 
growing,  during  twenty  years,  is  a  striking  fact  —  from  75,000,000 
pounds  to  300,000,000,  and  from  a  value  of  $20,000,000  to 
$80,000,000.  Then  the  United  States  produced  scarcely  half  that 
was  manufactured,  now  fully  four-fifths,  the  imported  fifth  being 
largely  of  low-priced  carpet  wools. 

The  use  of  statistics  in  determining  whether  agriculture  is  pro- 
gressive or  retrogressive  is  referred  to,  and  the  conclusion  reached 
generally  favorable  to  progress.  Wheat  culture  is  exhibited  at 
some  length,  as  illustrative  of  several  asi>ects  of  this  progress. 
The  remarkable  fact  in  its  history  is  a  doubling  of  the  area  in  fif- 
teen years,  while  in  thirty  years  the  increase  in  production  has  been 
nearly  four  hundred  per  cent,  an  increase,  not  onl3'  keeping  pace 
with  the  increase  of  the  population,  but  furnishing  more  than 
twice  the  supply  per  capita^  viz. :  4.33  bushels  in  1829, 5.5  in  1859, 
7.28  in  1869,  and  9.2  bushels  in  1879.    The  facts  of  distribution 
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are  shown:  only  twelve  states  and  two  territories  produced  a 
surplus ;  the  majority  of  the  states  failed  to  produce  their  own 
bread,  and  the  causes  of  their  failure  in  the  several  sections  are 
duly  shown.  Illinois  produced  tiie  largest  quantity  in  the  census 
year,  followed  in  order  by  Indiana,  Ohio,  Michigan  and  Minnesota. 
The  latter  state  produced  per  capita^  44  bushels  to  each  inhabitant, 
Oregon  42,  California  84,  Nebraska  31.  The  movement  of  wheat- 
growing  westward  is  thus  shown  as  a  percentage  of  the  whole 

crop: — 

1849. 

Atlantic  Coast 51.4 

Central  Belt 43.8 

Trans-Misslsslppl 5.3 

100       100        100       100 

The  production  of  wheat  in  five  years  has  been  enormous  —  an 
average  of  425  million  bushels  per  annum,  of  which  (with  twenty 
millions  drawn  last  year  from  the  average  reserve  in  hands  of 
fai'mers)  233  millions  were  consumed  in  the  United  Stales,  145 
millions  exported,  and  between  fifty  and  fifty-one  millions  used 
as  seed.  The  utilitj''  of  statistics  in  fixing  prices  and  failing 
speculation  is  offered,  and  it  is  intimated  that  in  the  last  year  df 
partial  failure,  a  saving  to  farmers  of  twenty  million  dollars  was 
made  by  the  publication  of  national  and  state  crop  statistics. 


1859. 

18C9. 

1879. 

80.7 

20 

12.8 

54.6 

49 

49.9 

14.7 

81 

87.8 

Notes  upon  some  Methods  and  Results  of  Collecting  Statisti- 
cal Matter  by  Mail.  By  Chas.  W.  Smiley,  of  Washington, 
D.  C. 

[ABSTRACT.] 

Statistics  are  fi-equently  laughed  at,  usually  pushed  aside  as 
**dry"  and  sometimes  analyzed  to  the  serious  discomfort  of  tlie 
author.  At  other  times  they  are  extolled  and  made  the  basis  of 
the  most  important  action.  I  ani  quite  sure  that  these  various 
treatments  are  usually  just.  Accurate  and  truthful,  statistics  are 
very  scarce  and,  when  found,  very  valuable.  Figures  often  do 
misrepresent  tembly  notwithstanding  the  charitable  maxim  that 
**  figures  never  tell  lies." 

Whoever  has  prepared  statistics  or  tested  them  knows  that  the 
great  and  fruitful  cause  of  bad  statistics  is  in  bod  methods  of 


602  COLLECTING   STATISTICS   BT  MAIL; 

collecting  the  data.  The  methods  are  not  revealed  on  the  face  of 
the  results  and  hence  the  insidiousness  of  this  cause.  Is  it  not 
therefore  pertinent  at  the  very  opening  of  the  Section  of  Statistics 
and  Economic  Science  to  consider  the  subject  of  methods  ? 

Mailing  circulars  does  not  constitute  the  most  effective  method, 
but  if  rightly  managed  it  is  cheapest.  It  is  especially  economical 
in  the  government  bureaus  where  postage  costs  nothing.  The 
most  elective  method  is  by  personal  visitation  of  skilled  agents. 
This,  from  its  expense,  is  usually  out  of  reach  of  private  institu- 
tions and  often  out  of  reach  of  government  officers.  The  method 
of  personal  visitation  I  could  extol  very  highly  from  my  own 
experience  and  from  close  examination  of  results  of  that  kind  of 
work  performed  by  others,  but  the  present  purpose  is  to  treat 
solely  of  the  collection  of  material  by  mail.  I  will  describe,  as 
illustrative  of  the  best  methods,  an  extensive  correspondence 
carried  on  in  the  office  of  the  U.  S.  Fish  Commission. 

In  Jul}',  1879,  it  was  proposed  by  Gen.  F.  A.  Walker,  superin- 
tendent of  the  Tenth  Census  and  Professor  Spencer  F.  Baird, 
Commissioner  of  Fish  and  Fisheries,  to  ascertain  something  of  the 
extent  and  nature  of  the  fish  trade  and  consumption  of  fish 
throughout  the  entire  U.  S.  In  consequence  there  was  prepared  a 
three-paged  circular  with  blanks  for  answers  and  containing  18 
brief  but  comprehensive  questions,  such  as : — 

1.  Do  fish  constitute  an  important  article  of  diet  in  your  town 
and  in  the  adjacent  country  ? 

2.  Where  is  the  supply  obtained? 

3.  Check  on  the  following  list  the  kinds  commonly  to  be  seen 
in  the  markets  :  (list  given) 

4.  What  is  the  average  retail  price  per  pound? 

5.  What  kinds  of  fish  are  taken  from  your  ponds  and  streams? 
Check  on  the  following  list :  (list  given) 

8.  Are  salted  and  smoked  fish  sold? 

9.  What  kinds?     Check  on  the  following  list :  (list  given) 

1 1 .   Are  oysters  brought  to  your  place  ?    How  are  they  brought ; 
in  shell,  in  tubs,  in  cans?     AVhat  is  the  usual  price? 

IG.   Answer  same  questions  for  clams  and  lobsters. 

18.    Is  fish  guano  in  its  various  forms  used  by  j'our  farmers? 
With  this  was  sent  to  every  Postmaster  in  the  U.  S.,  a  circular 
letter  asking  the  assistance  of  himself  or  some  one  familiar  with 
the  facts  and  accompanied  by  a  circular  from  the  Postmaster  Gen- 
eral instructing  Postmasters  to  furnish  such  information  as  could 


BT  CHA8.   W.   8MILBT. 


603. 


be  given  ^'withoat  prejudice  to  the  duties  of  their  offices."  An  ad- 
dressed return  envelope  accompanied  each  circular. 
The  result  of  this  sending  in  general  terms  was  as  follows : 
41,517  Postmasters  were  addressed,  from  whom  inside  of  200 
days  16,996  replies  were  received  or  41  per  cent.  At  the  expiration 
of  200  days  it  was  deemed  best  to  send  again,  to  those  who  had  not 
answered,  precisely  the  matter  as  had  been  sent  before.  This  was 
done  with  a  very  gratifying  result.  24,521  Postmasters  were 
addressed  from  whom  inside  of  200  days  13,233  replies  were 
received.  In  the  680  da^^s  that  have  since  elapsed,  but  155  more 
replies  have  arrived.  This  is  much  less  than  one  per  cent.  The 
net  result  of  two  sendings  was  to  get  73  per  cent,  of  the  reports 
desired. 

Betnrns  within 
200  days. 

1G,996 
13,233 


SendinsT* 
I 
II 


Circulars 
Bent  out. 

41,617 

24,521 


Per  cent  of  the  Per  cent  of  desired 

sending  returned.  reports  received. 

41  41                 : 

54  82 


Totel      6G,038  30,229  73 

I  should  have  preferred  a  third  sending  at  the  expiration  of  200 
days  from  the  second.     I  estimate  that  a  third  call  on  the  remain-, 
ing  11,133  officers  might  have  produced  about  6,000  more  replies 
and  brought  the  per  cent  of  results  up  to  86  per  cent  of  what  was 
desired. 

I  have  taken  200  days  as  the  limit  of  returns.     The  number 
that  anlve  after  that  is  very  insignificant.     But  it  will  be  valuable 
to  know  what  results  to  expect  earlier.    Taking  the  total  of  16,996 
replies  which  came  in  the  first  200  days,  the  percentage  which* 
came  in  each  of  the  ten  20-day  periods  was  as  follows : 


Twenty-day 
periods. 

Number  of 
returns. 

Per  cent  of 
all. 

First 

9680 

67 

Second 

4711 

27 

Third 

1313 

8 

Fonrth 

604 

8* 

Fifth 

814 

2 

Sixth 

165 

1 

Seventh 

72 

i 

Eighth 

65 

i 

Ninth 

42 

i 

Tenth 

80 

i 

16,996 


100 


Days  that  had 

elapsed  from 

the  time  of 

sending. 

20 

40 

60 

80 
100 
120 
140 
160 
180 
200 

200 


Per  cent  of  what 

was  destined  to 

come  which  had 

arrived  each 

twenty-day 

period. 

67 

84 

92 

96} 

97i 

98} 

99 

99} 

99| 

100 

100 


»» 


i\t* 


m 


■w 


i". 


1 1- 


f  H 


r^ 


iJ-i'l- 


V* 


f  I 


if     *:•     .< 


L*\ 


?i         ,>. 


r\ 


'%^ 


» 


J. 


'  rn 


<M     -  '"•1, "- 


i& 
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The  rotui*n  within  200  days  of  97j-  per  cent  of  all  that  would 
arrive  within  200  days  shows  that,  when  subsequent  calls  are  to  be 
made,  100  days  is  a  very  good  limit  to  fix  at  which  to  send  again. 
The  receipts  under  the  second  call  were  even  more  precipitate  than 
the  first,  being  augmented  slightly  by  the  driblets  from  the  first 
call.    It  was  as  follows : 

Per  cent  of  what 

was  destioel  to 

come  which  had 

arrived  eadi 

twent^r-day 

period. 

59i 

80^ 

88 

94 

97 

99 

100 


Twenty-day 
periods. 

First 

Number  of 
returns^ 

7862 

Per  cent  of 
all. 

69i 

Days  that  had 
elapsed  (Vom 
ibc  time  of 
sending. 

20 

Second 

2796 

21 

40 

Third 

998 

7i 

60 

Fourth 

790 

6 

80 

Fifth 

838 

8 

100 

Sixth 

288 

2 

120 

Seventh 

112 

1 

140 

Eighth 
Kinth 

83 
11 

160 
180 

Tenth 

8 

200 

The  case  under  consideration  was  a  semi-official  call  upon  all 
the  states  and  territories  and  the  effect  of  the  call  upon  the  differ- 
ent sections  was  very  different.  While  the  total  yield  of  returns 
was  73  per  cent  of  the  offices  addressed,  95  per  cent  of  the  Dakota 
offices  answered,  and  but  61  per  cent  of  the  Louisiana  ofilces 
answered.  The  per  cent  of  answers  for  each  state  or  teiTitory 
was  as  follows : 


T>ak. 

95 

Utah 

86 

Me. 

81 

Mont. 

80 

Ind.  T. 

89 

Mass. 

85 

Nev. 

81 

Fla. 

79 

Wash. 

88 

Vt. 

83 

N.  H. 

81 

Del. 

66 

Wyo. 

88 

Oreg. 

83 

N.  Y. 

70 

Tenn. 

65 

Idaho 

87 

Ohio 

76 

W.  Va. 

69 

Ky. 

65 

Cal. 

78 

Colo. 

76 

Md. 

69 

Ga. 

Co 

Iowa 

78 

N.  Mex. 

73 

Ariz. 

68 

Mis8. 

64 

Neb. 

78 

Mo. 

72 

Ark. 

68 

S.C. 

63 

Tex. 

78 

Ind. 

71 

Pa. 

67 

AU. 

63 

N.J, 

77 

N.  C. 

70 

Wis. 

GO 

Va. 

62 

111. 

77 

Mich. 

82 

Conn. 

80 

La. 

61 

R.  I. 

87 

Kans. 

81 

Minn. 

80 

It  was  to  be  expected  that  states  would  answer  according  to 
their  degree  of  education  and  intelligence  and  this  is  no  doul^t  an 
element,  but  some  other  element  has  entered  in  here  to  place  five 
western  territories  ahead  of  the  best  states.  My  own  opinion  is 
that  the  semi-official  endorsement  of  the  Postmaster  General  had 
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ince  apon  the  new  eections  of  the  conntry  thaa 
at  new  officers  answered  partly  because  of  the 
t  and  that  old  ones  have  become  somewhat  ao- 
ard  sacb  endorsements.  But  why  Dakota  ex- 
'  per  cent  and  the  Indian  Territory  exceeded 
r  cent  I  am  unable  to  suggest  except  the  possU 
f  mails  in  transit,  by  fire,  wrecking,  robbing  of 

tie  geographical  sections  yields  some  interest- 


>t  PI^D  BesloD. 

PiKrifloCmut. 

Th«  Worth  W«t. 

lak. 

95 

Wash. 

63 

Mich. 

8» 

ad.  Ter. 

89 

Oreg. 

88 

Kans. 

81 

7jo. 

88 

Nev. 

81 

MlDD. 

80 

Jaho 

87 

Cal. 

78 

Wis. 

80 

Itah 

86 

Iowa 

78 

[ont. 

80 

Nebr. 

78 

.  Mej. 

78 

111. 

77 

riz. 

68 

Ohio 

76 

olo. 

sa 

Ind. 

71 

Average    88 

Average 

81 

Average 

~78 

Sonlh  ffwt. 

Souih  Ea«t. 

Texas 

78 

FU. 

79 

1 

Ho. 

7S 

N.  0, 

70 

Ark. 

68 

HA. 

69 

1 

Ky. 

65 

W.  Va.  69 

TeoD. 

65 

Oa. 

6S 

Miss. 

61 

8.  C, 

63 

Ala. 

63 

Ta. 

63 

La. 

Gl 

Average 

68 

Average     67 

RECAFITULATION. 

OOcM 

Ana.t«e<tT«d          Per  cent  wbloti 

Ineeodayi. 

■Dswered. 

[d 

8176 

261S 

8a 

Region 

1381 

1187 

69 

it 

1E38 

1SS6 

81 

'eat 

18167 

I028S 

78 

es 

7074 

490S 

69 

est 

8623 

6866 

68 

ist 

6679 

4886 

67 
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r  For  quantity,  these  results  were  entirely  satisfactory.  The 
•quality  of  the  replies  was  of  all  grades.  A  veiy  large  per  cent, 
however,  bore  internal  evidence  of  truthfulness.  A  wise  discre- 
tion was  needed  in  the  compilation  but  with  skilled  compilers 
excellent  results  could  be  produced.  A  discussion  of  methods  of 
compilation,  eliminating  errors,  etc.,  would  be  interesting  but 
take  too  much  time  in  this  paper. 

Let  it  not  be  supposed  that  these  excellent  results  can  be  ob- 
tained only  by  government  machinery.  The  official  nature  of 
this  correspondence  was  a  great  aid,  but  I  have  obtained  even 
better  results  from  college  men  upon  matters  relating  to  their 
colleges  and  from  specialists  concerning  their  specialties.  I 
therefore  feel  free  to  protest  against  the  careless  and  inefficient 
•work  of  this  sort  so  often  done  by  both  public  and  private  enter- 
prise. Patience  and  perseverance  in  wise  methods  may  not  be  all 
the  qualifications  that  are  necessary  for  good  statistical  work,  but 
these  are  indispensable.  Some  of  the  suggestions  to  be  made  for 
success  in  collecting  material  are  the  following : 

I.  Make  the  questions  very  clear,  concise  and  as  few  as  possi- 
ble. (Better  send  twice  than  totally  break  down  by  too  long 
requests.) 

II.  If  but  one  class  of  persons  can  be  addressed  from  each  of 
whom  an  answer  is  especially  desired,  send  to  all  a  first  issue,  to 
all  who  do  not  answer  in  100  days  a  second  issue,  and  to  all  who 
do  not  answer  in  100  davs  more  a  third  issue. 

III.  If  more  than  one  class  of  persons  can  give  facts,  address 
all  of  each  class  and  after  about  75  da^'^s  address  the  delinquents 
a  second  time. 

IV.  Do  not  vary  the  matter  sent  the  second  time.  Let  it  be  an 
exact  duplicate  and  be  sent  just  exactl}'  as  if  it  had  not  been  pre- 
viously issued. 

V.  Leave  blank  lines  between  the  questions  so  that  no  other 
paper  is  needed  for  reply,  and  if  it  can  be  put  on  a  postal  furnish 
it,  even  more  for  the  sake  of  uniformity  than  for  inducing  people 
to  reply. 

VI.  Alwa^'s  enclose  an  addressed  envelope  or  postal  for  reply 
and  provide  that  there  be  no  expense  to  the  respondent  for 
postage. 

VII.  Remember  that  more  or  less  of  your  circulars  will  beoiis- 
directed,  lost  in  transit,  fall  into  wrong  hands,  arrive  during  the 
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aljsence  or  sickness  of  your  corvpapondrnts,  be  crowded  itside  for 
later  answer  or  to  get  some  needeil  inrormation  and  then  inadver- 
tently overlooked,  and  so,  do  not  lose  fiiitli  in  liuman  nature  but 
rather  rejoice  that  amid  so  many  contingencies  you  can  get  the 
material  at  all. 


Exhibition  op  some  Statistics  ok  College  men.    By  Charles  W. 
SxiLET,  of  Wasliington,  D.  C. 

(ABBTRAtn'.] 

These  statistics  relate  to  tlie  grmluates  and  non-graduates  of 
Wesleyan  Univ^rsit^i-,  es|iecially  the  latter.  They  cover  fifty  years 
ending  with  1881.  The  elaborate  methods  of  collecting  Ihe  data 
were  described.  Copies  of  eight  tables  were  distributed  to  the 
members  present.  These  are  to  be  pnblisliecl  in  Cull  in  the  Aluuni 
Record  of  tlic  college.  The  following  summaries  may  be  given  to 
illustrate  their  scope. 


I.    Table  buow 

VO  TBB  NUHBP.R  IN 

EACH  Class,  thb  Litino.  Dbad 

ETC. 

o^.„. 

Number 
of  Nun- 

N..inWr 

ll?ln|. 

Not 

SI' 

deuii.' 

Die.l 

3 

mod 

enlVng 

No.of 

ginUuat'B 

Per  cent. 

n  bo  were 
not 

smduatea* 

JU']-OI 
1I«:!-TI 

IW 

m 

1! 

1 

J 

8 

1 

435 

Totals. 

K» 

61T 

» 

m 

SI 

108 

fm 

PebCi 

lOO 

68 

"■• 

MM 

"■• 

21  W 

« 

•Thia  ran  m  higb  at  08  i>er  cent  In  ISM  and  isn7,  nnil  cxiweded  SO  per  c 
yeaiB;  tt ran  sa low aa  II  percent  In  18;S,  and  aa low  as 28  percent  in  IK 

II.  Table  SBownto  Tiub  of  Leavino  this  Colleoe,  sPBaBQUBir 
SrCDT.  I>ei>bee8,  etc. 
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III.   Tablb  of  FAMiLr  Statistics. 


Married. 

i 

CiiiLDREx  Reported. 

Classes. 

• 

■ 

■ 

• 

■ 

CD 

• 

• 

• 

^ 

S 

o 

'C 

a 

a 

es 

o 
>> 

•3 

e3 

3 

&1 

s 
O 

is 

jS 

H 

H 

S 

o 

.5 

< 

O 

H 

5^ 

lK»'2-4i 

82 

U 

2 

li8 

35 

20 

77 

2;i0 

08 

2U8 

4 

181-2-51 

111 

15 

0 

120 

39 

34 

08 

812 

78 

390 

344 

1 852-01 

lao 

7 

0 

127 

18 

33 

lOi 

279 

62 

sa 

31-5 

i*a-7i 

106 

6 

0 

lU 

13 

48 

93 

1S« 

35 

227 

SM 

1872-81 

90 

2 

0 

W 

8 

121 

52 

89 

8 

97 

14-5 

511 

44 

2 

557 

113 

2ra 

« 

422 

1.102 

251 

1,353 

3 

IV.  Table  of  Nativities. 


Tears. 

Vt. 

a. 

c 

Ct. 

• 

>* 

• 

2 

• 
■ 

55 

Pa. 

South. 

West. 

Koreigo. 

Unknown. 

18.12-41 

2 

5 

9 

•23 

'4 

23 

31 

2 

0 

J5 

0 

2 

37 

]84'2-«l 

6 

10 

4 

21 

2 

2( 

50 

4 

5 

10 

0 

9 

.■a 

1852-61 

11 

10 

7 

22 

1 

25 

41 

8 

4 

9 

6 

7 

22. 

18r^2-7l      15 

0 

0 

27 

1 

24 

21 

0 

5 

0 

7 

9 

30*, 

1H7'2-Sl       9 

8 

12 

.H5 

2 

2i 

52 

15 

10 

9 

\     n 

10 

S8 

Totals. 

42 

48     41 

1 

131 

10  jllO 

108 

38 

30 

40 

23 

37 

V» 

V.     Present  Occupation. 

In  Ministr}',  Methodist  Episcopal    .... 

Protestant  Episcopal   .... 

Congregational 

Baptist 

Otiier  sects 


.85  C-«»i 
13  (01) 

n 

9  (01) 


(.01) 


117  (K) 

....  98  W 

,     .     .     •     .  66  COT) 

....  47(0^> 

....  2 

....  20(0-*) 

....  34(0« 

124  (-^^J 

.....  25(0'' 
13  (-0" 

....  6(0« 

....  49  (05) 

7  (iJi) 

:  :  :  :  4 

.     .     •      .  3  f 

....  12(01) 

....  29  (0*^ 

Total  number  living  non-gradnates        656  (•'O) 

Number  of  deceased  non-graduates 279  (-^o) 


Lawyers        

Teachers        

Physicians 

Dentists        

Editors,  authors  and  purely  literary  work 

Manufacturers         

General  business  pursuits 

Clerks 

Drucrmsts 

Official  positions,  State  or  Federal      .     . 

Farmers         

Students        

Artists 

Array  or  Navy        

Out  of  employ         

Unknown 


(.01) 


Total 


935  (1-00) 


1  The  small  figures  in  parenthesis  denote  per  cents;  thns,  9  per  cent  of  all  noih 
graduates  are  iu  the  Methodist  ministry  now,  while  30  per  cent  are  dead. 
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VI.     Occupation  since  leaving  College. 


Occapation. 


Bishops 

Ministry,  Methodist  P2piscopal 

Protestant  Episcopal 

Congregational     .     .     . 

Baptist        ..... 

Presbyterian    .... 

Other  sects      .... 

College  Presidents 

College  Professors 

Seminary  Instructors  and  Tutors 
Teaching  professionally       .     .     . 
Teaching  temporarily      .... 

Judges 

Law3'ers 

Ph3'sicians 

Dentists 

Journalists 

Authors 

Manufacturers 

General  business        

Scientific  work 

State  Legislatures 

Members  of  Congress     .... 
Customs,  Revenue,  and  Postal  offices 

Other  public  offices 

Farming 

Superannuated 

Regular  Army  and  Navy     .     .     . 

Civil  Engineers 

Artists' 

Gentlemen  of  leisure      .... 

IVIexican  War 

Federal  Army,*  1861-5        .     .     . 
Confederate  Army,  1861-5       .     . 


Nnmber 
enga;;ed. 


2 

136 

20 

11 

6 
•4 

9 

7 

17 

10 

94 

100 

7 

144 

82 

2 
47 

3 

37 

194 

2 
33 

4 
11 
19 
66 

8 
11 
10 

4 

2 

2 
92 

6 


Years 
speaU 


33 
1706 
369 
107 
74 
75 
69 
46 
157 
70 
1157 
264 
68 
2312 
1176 
46 
426 
32 
611 
2365 
46 
62 
14 
83 
47 
868 
53 
70 
127 
32 
02 
4 
220 
16 


Ayemgo  rears  in 
each  occupation. 


17 

13 

18 

10 

12 

19 

8 

7 

9 

7 

12 

3 

10 

16 

14 

23 

9 

11 

17 

12 

23 

2 

4 

8 

2 

13 

7 

6 

13 

8 

31 

2 

2 

3 


^  Died  during,  or  nt>m  i^Jurios  received  in,  the  war,  SS. 
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VII.    Colleges  KNTsaED,  bt  213  kon-graduates  op  Wesletait 
University,  after  leaving  this  College. 


The  Colleges  entered,  and  the  number 

UnioQ 45 

Yale 23 

Amherst 14 

Dartmouth 14 

University  of  the  City  of 

New  York 13 

Brown 12 

Dickinson 9 

Boston  .     .     .     ^     .     .     .       7 
Harvard  and  Trinity,  each 

6 12 

Sj'racuse,  West  Point,  and 
University  of  Michigan 

each  5 15 

Middlebury 4 

Bowdoin     and     Princeton 

each  3 6 

Augusta,  Genesee,  Hamil- 
ton,    Hobart,    Indiana, 


who  went  to  each,  were  as  follows : 

Asbuiy,  Lafayette,  Oliio 
Wesley  an,  Madison,  St. 
John's  College,  Univer- 
sity of  Pennsylvania, 
Universit}'  of  Virginia, 
and  Williams,  each  2  .  24 
Alexandria,  Baldwin,  Col- 
umbia, Cornell,  Emory, 
Frankliu  and  Marshall, 
Illinois  Wesle3*an,  Iowa 
Wesley  an.  Kings,  North- 
western, Norwich,  Rut- 
gers, University^  of  Ver- 
mont, U.  S.  Naval  Acad- 
em3',  and  Willoughbj', 
each  1 15 

213 


Some  Facts  Relative  to  the  U.  S.  Census  op  1880.     By  Calvik 
S.  MiXTER,  of  Washington,  D.  C. 

[AD8TBACT.] 

The  following  table  shows  the  population  of  the  United  States 
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by  age  and  sex,  elassifled  as  Native  White,  Foreign   White  and  Colored,^ 
accoixUng  to  the  United  States  Census  of  1880. 


JLGES. 

ALL  CLASSES. 

NATIVE  WniTE. 

FOREIGN 
WHIl'E. 

COLORED. 

Total. 

Males. 

Females 

Males. 

Females 

Males. 

Females 

Males. 

Females 

Alltges. 

50,155,783 

25,518.820 

24,036,963 

18,609.265 

18,234,026 

3,521,635 

3,038,044 

3,387,920 

3,864,883 

Under  1  year. 

1,447,963 

734,024 

713,959 

617,307 

595,430 

2,989 

3,061 

113,728 

116,408 

1  jear. 

1,25C,95G 

638,0^ 

618,924 

534,030 

515,491 

5,020 

6,066 

98,962 

98,307 

2  j-rs. 

1,427,080 

726,038 

701,048 

601,683 

579,272 

6,803 

6,752 

117,462 

115,024 

Syrs. 

1^1,274 

607,209 

684,065 

577,73:i 

563,881 

7,797 

7,801 

111.679 

112,383 

Ayn. 

1,401,217 

712,400 

688,811 

587,440 

565,513 

8,557 

8,435 

116,409 

114,863 

Coder  5  yrs. 

G,014,51G 

3.507,709 

3,406,807 

2,918.193 

2,819,587 

314250 

81,115 

658.260 

656,105 

5  to  0  yeJirs 

0,479,660 

3,27o,i:Jl 

8.294,K9 

2,694,398 

2,625,324 

61,803 

60,894 

518,930 

618,311 

10  to  14  years 

6,715,186 

2,907,481 

2,807,705 

2,361,832 

2,280,260 

120,740 

117.699 

424,009 

409,746 

15  to  19  years 

5,011,415 

2,476,088 

2,535,327 

1,965,748 

2,007,090 

184,320 

194,492 

826,020 

833,746 

S0to2lyear8 

5,087,772 

2/»4.684 

2,533,068 

1,945,279 

1,928.938 

274,038 

264.217 

835367 

849,033 

35  to  29  years 

4.080,021 

2,109,741 

1,970,880 

1,472,960 

1,397,025 

865,004 

30(J,022 

271,687 

267,233 

90  to  34  years 

3.368,913 

1,744,308 

1,024,035 

1,128.308 

1,088,315 

419,709 

342,862 

196,231 

103,458 

35  to  39  years 

3,000,419 

1,527,150 

1,473,260 

920,204 

938,963 

432,ft57 

356,308 

173,ftJ8 

177,969 

40  to  44  years 

2,468,811 

1,243,773 

1,225,038 

7-26,832 

751,013 

384,iK>l 

827,959 

132.,010 

146,066 

45  to  49  years 

2.089,445 

1,078.606 

1.010,750 

621,164 

609.787 

340.8U:i 

200,078 

116,668 

110.885 

50to5ftyearp 

1,839.883 

936,702 

873,181 

538,133 

512.672 

318.045 

259,042 

110,524 

101,467 

83  to  50  years 

l,2n,434 

674,927 

596,507 

403,260 

378,541 

203,820 

166,294 

64,847 

51,072 

CO  to  64  years 

1,101,219 

584,658 

510,361 

345.575 

321,270 

170,841 

139,622 

68,442 

58,460 

€5to60year« 

725,87a 

879,488 

346.378 

243,803 

232,245 

98.028 

83,333 

87.(J67 

80,800 

TOto  74  years 

495,442 

250,001 

245.441 

165,062 

164,476 

59.590 

55,019 

25,34n 

25,946 

73to79ve»r8 

2j51,0'J5 

138,601 

142,461 

94,598 

99,.'574 

81,106 

29,590 

12,807 

13,300 

00  to  84  years 

146,362 

07,941 

78,421 

44,492 

51,949 

15,156 

15,930 

8,293 

10,542 

bStoSOyears 

49,835 

21,908 

27.927 

14,858 

19,425 

4,419 

5,090 

2,631 

3,400 

00  to  91  years 

16,100 

0,.351 

9,749 

3,486 

5,857 

1,270 

1,600 

1,593 

2,702 

95  to  90  year» 

4,7aJ 

l,a'»5 

2,908 

783 

1,200 

433 

675 

639 

1.073 

ICO  and  over 

4,016 

1,403 

2,007 

237 

355 

150 

207 

1.010 

2,045 

I  The  cnlore<l  populntion  includes  105,465  Chinese,  66,407  Indians  (not  in  tiibnl  relations),  and 
148  Jaiiancse.  whose  ages  tinvo  not  yet  l>een  scpiirately  compiled. 
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On  INTERNATIONAL  STANDARD  TIME.  By  E.  B.  Elliott,  of  Wash- 
ington, D.  C. 

Suggestions  of  electrical  units.  By  E.  B.  Elliott,  of  Washing- 
ton, D.  C. 

Population  statistics  of  the  Cherokees.  By  E.  B.  Elliott,  of 
Washington,  D.  C 

On  certain  government  securities.  By  E.  B.  Elliott,  of 
Washington,  D.  C. 

Upon  the  investment  of  labor  and  capital  in  forest  culture 
AS  compared  with  other  productive  industries.  By  Frank- 
lin B.  Hough,  of  Lowville,  N.  Y. 

The  Jessup  collection  to  illustrate  American  forestry,  in  the 
Museum  of  Natural  History,  Central  Park,  New  York. 
By  Albert  S.  Bickmore,  of  New  York,  N.  Y. 

On  methods  of  obtaining  registration  of  vital  and  other 
statistics  op  the  Omaha  and  cognate  tribes  op  Indians. 
By  J.  Owen  Dorsey,  of  Washington,  D.  C. 

References  to  some  of  the  economic  and  scientific  principles 
in  tree-growth  and  tree-destruction.  By  James  Hyatt,  of 
Stanfordville,  N.  Y. 

Standard  time  for  North  America.  By  Winslow  Upton,  of 
Washington,  D.  C. 

Experimental  plantation  of  Eucalyptus  near  Rome.  By 
Franklin  B.  Hough,  of  Lowville,  N.  Y. 

Cooperation  of  observations  for  maintaining  accurate  time. 
By  J.Rayner  Edmands,  of  Cambridge,  Mass. 
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REPORT  OF  THE  GENERAL  SECRETARY. 

Wednesday,  August  23,  1882. 

The  thirty-first  annual  meeting  of  the  Ameuicax  Association  for  thb 
Advaxckmknt  of  Science  was  called  to  order  in  the  William  Molson 
Hall  of  McGill  University,  Montreal,  shortly  after  ten  o'clock,  by  the 
retiring  Tresident,  Prof.  Geokge  J.  Buusii  of  New  Haven,  who  in- 
troduced to  the  members  the  President  for  the  coming  year,  Dr.  J.  W. 
Dawson  of  Montreal. 

President  Dawson  then  took  the  chair  and  spoke  as  follows : — 

Ladies  and  Gentlemen  of  the  Association : 

I  need  hardly  say  how  highly  I  esteem  the  honor  you  have  done  me  in 
jny  election  as  your  President  for  the  present  meeting.  The  unanimous 
election  of  a  body  like  this  to  such  an  office  is,  in  my  judgment,  the 
greatest  distinction  to  which  any  scientific  man  on  this  continent  can 
aspire,  and  I  value  it  acconlingly. 

I  have  no  doubt,  however,  that  in  the  present  case,  the  choice  was  In 
some  degree  determined  by  the  wish  to  do  honor  to  Canada,  and  to  give 
to  this  meeting  a  character  as  thoroughly  international  as  possible. 

But  this  view  of  the  reasons  for  the  election  by  no  means  detracts  from 
its  value.  On  the  contrary,  it  places  the  presidency  of  this  association 
on  a  broader  basis  than  that  of  any  other  office  by  extending  over  all 
this  wide  continent  and  including  all  that  belongs  to  the  powers  that 
reign  both  at  Washington  and  Ottawa.  Science  from  her  serene  height 
thus  overlooks  all  national  boundaries  and  comprehends  this  w^hole  world 
iu  lier  scope  of  vision. 

It  becomes  your  duty,  therefore,  for  the  time  being,  to  merge  the  char- 
acter of  citizens  of  the  United  States  or  of  Canada  in  that  of  cosmopol- 
itan men  of  science.  This  is  what  I  propose  to  attempt  in  endeavoring 
to  perform  the  duties  to  which  you  have  called  me ;  and  you  will,  therefore, 
kindly  regard  me  not  as  a  Canadian,  or  as  an  American,  in  the  narrower 
sense  of  that  term,  but  as  the  President  of  a  society  which,  In  meeting 
here,  assumes  a  continental  and  international  character. 

The  PKt:siDENT  then  requested  the  Anglican  Bishop  of  Montreal  to 
invoke  the  divine  blessing  on  the  Association's  meetings,  after  which 
ceremony  the  President  called  on  Dr.  T.  Steuky  Hunt,  Chairman  of  the 
Local  Committee,  who  spoke  as  follows : — 

In  welcoming  in  the  name  of  the  Local  Committee  the  American 
Association  for  the  Advancement  of  Science  to  our  city  on  the  occasion 
of  this,  its  thirty-first  meeting,  a  crowd  of  memories  vise  to  mind,  many  of 
which  will  be  shared  alike  by  citizens  of  Montreal  and  by  my  colleagues 

(G13) 
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of  the  Association.  Twenty-five  years  have  passed  since  this  Association 
met  hero  in  Au<^ust,  1857,  under  the  presidency  of  Prof.  James  Hall,  who 
honors  us  with  his  presence  again  to-day.  Of  tlie  Local  Committee  of 
that  time  only  four  are  now  with  us;  Dr.  Dawson,  the  President-elect 
of  the  Association,  Dr.  lIin<;^8ton  and  Mr.  Charles  Garth,  both  mcmbci-s  of 
ihe  Executive  Committee  for  this  meeting,  and  myself.  Those  who  were 
with  UK  on  tliat  occasion  will  note  great  changes  and  great  progress  alilce 
in  the  Association  and  in  ourselves.  Montreal  was  then  a  city  of  60,000, 
and  has  to-day  a  population  of  150,000  souls.  The  infant  nniversity,  of 
which  Dr.  Dawson  iiad  Just  then  assumed  the  direction,  has  under  his 
wise  care  attained  a  vigorous  and  flourishing  manhood,  and  the  collectioos 
in  natural  science,  gathered  with  few  exceptions  during  his  administration, 
now  suffice  to  fill  the  great  museum  Just  completed  and  presented  to  the 
University  by  the  generosity  of  a  citizen  of  Montreal. 

Not  less  remarkable  is  the  growth  of  our  Association,  which  has  in 
tlic  meantime  increased  more  than  fourfold,  and  now  numbers  nearlv 
2000  members.  The  history  of  this  and  its  related  associations  demands  a 
word  in  passing.  Unlike  national  academies  or  royal  societies  these  are 
popular  bodies,  inviting  to  their  membership  all  who  have  an  interest  in 
the  Advancement  of  Science,  holding  their  annual  meetings  in  dilTerent 
cities  of  their  respective  countries  and  so  performing  a  kind  of  missionary 
work.  The  parent  of  all  these  is  the  German  Association  founded 
more  than  half  a  century  since  by  the  venerable  Oken.  Next  in  order  of 
time  comes  the  British  Association,  which  held  its  fiftieth  anniversary  at 
York  last  year  under  the  presidency  of  Sir  John  Lubbock,  and  to-day 
meets  again  at  Southampton,  with  Dr.  C.  W.  Siemens  as  president.  Two 
of  its  honored  pi\8t-presidcnts,  W.  B.  Cari)enter  and  Samuel  Haughton, 
are  with  us,  as  our  guests,  to-day.  Next  in  order  of  time  comes  our  own 
Association,  of  which  more  anon ;  and  last,  but  not  least,  the  young  French 
Association  for  the  Advancement  of  Science,  which  was  born  with  the 
new  French  republic,  and  met  last  year  in  Algeria,  bearing  back  across  the 
Mediterranean  the  torch  of  science  to  the  soil  of  northern  Africa,  which 
nges  before  had  been  the  cradle  of  arts  and  sciences.  It  was  in  May,  1881, 
that  the  French  nation  carried  the  war  of  science  into  Africa,  well 
supported  by  allies  from  other  lands,  among  whom  was  our  distinguished 
Hungarian  guest  of  to-day  Dr.  Szab6,  of  Budapest. 

But  to  return  to  our  own  organization :  the  American  Association, 
though  it  reckons  its  meetings  only  from  the  year  1849,  has  an  earlier 
history.  In  1842  there  was  formed  a  little  band  of  workers  under  the 
name  of  the  American  Association  of  Geologists  and  Naturalists.  To 
this  body  I,  at  that  time  a  student  in  the  University,  was  admitted  on  the 
occasion  of  its  meeting  at  New  Haven  in  May,  184B.  The  scope  of  this 
association  was,  however,  not  large  enough.  The  claims  of  physics,  of 
chemistry  and  of  mathematics,  all  indispensable  allies  of  geology  and  of 
natural  history,  soon  made  themselves  heard  in  our  meetings,  and  the 
success  which  had  attended  the  German  and  British  Associations  already 
mentioned  led  to  its  reconstruction  and  enlargement  with  its  present 
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organization  and  title.  This  was  effected  at  Pliiladelplila  in  1848,  and  with 
the  subsequent  history  of  the  Association  you  arc  more  familiar.  Thirty- 
four  years  have  thus  passed,  and  we  are  to-day  holding  our  thirty-first 
meeting.  In  its  earlier  days,  the  Association  occasionally  tried  the 
experiment  of  two  meetings  annually,  but  the  plan  of  a  spring  gathering 
was  soon  abandoned.  Afterwards,  during  the  late  civil  war,  came  an 
interruption  of  five  years,  during  which  the  deliberations  of  our  Associa- 
tion were  silenced  by  the  clash  of  arms,  until  its  meeting  in  Bnfl'alo  in 
1866;  since  which  time  its  gatherings  have  been  held  annually. 

From  an  early  period  in  its  history  it  was  felt  that  this  Association 
should  be  in  its  widest  sense  North- American.  Science  knows  no  political 
boundaries,  and  the  policy  adopted  by  our  organization  was  continental. 
This  was  due  in  no  small  degree  to  the  importance  of  the  work  of  the 
Geological  Survey  of  Canada,  which,  begun  in  1842,  had  early  drawn  the 
attention  of  naturalists  to  this  country.  To  this  field  of  service  I  had 
come  from  my  native  Connecticut  as  early  as  1847,  and  Professor  James 
Hall,  though  persistently  rejecting  the  repeated  overtures  which  were 
made  to  him  to  Join  the  Canadian  survey,  had  at  intervals  given  It  the 
benefit  of  his  great  knowledge  of  American  geology  and  paleontology. 
Hence  it  came  about  that  in  response  to  an  urgent  invitation  from  the 
people  of  this  city  the  American  Association  for  the  Advancement  of 
Science  flrat  met  in  Montreal  in  August,  1857,  Prof.  James  Hall  being 
president.  The  late  Sir  William  Logan,  at  that  time  my  chief,  and  the 
director  of  the  Geological  Survey,  was  then  chairman  of  the  Local  Com- 
mittee, while  I  was  secretary  of  the  Special  Committee  on  Invitations. 

And  now  twenty-five  years  have  come  and  gone,  and  true  to  Its  conti- 
nental character  the  American  Association  once  more  comes  to  Montreal 
to  hol<l  its  annual  meeting,  having  elected  for  its  presiding  officer  the 
honored  president  of  our  University,  and  for  its  general  secretary  a 
representative  naturalist  from  the  province  of  Ontario.  It  has  returned 
to  flod  Montreal  grown  to  a  great  metropolis,  busy  with  manufactures  and 
commerce,  its  wharves  lined  with  ocean-steamers  and  ships  of  all  nations; 
while  it  boasts  at  the  same  time  that  the  growth  of  letters  and  science 
has  kept  pace  with  its  material  progress,  and  invites  the  members  of  the 
Association  to  visit  its  churches  and  asylums,  its  schools  and  its  museums. 
It  can  only  tell  you  with  feelings  of  disappointment  that  the  Geological 
Survey,  with  its  valuable  library  and  its  extensive  museum,  has  now  left 
Montreal,  having  been  last  year  removed  to  Ottawa,  the  seat  of  the  federal 
goveniment;  while  we  at  the  same  time  regret  that  the  duties  of  its 
present  director,  Dr.  Selwyn,  have,  by  calling  him  to  the  provinces  of  the 
far  northwest,  prevented  him  from  meeting  with  us  on  this  occasion. 

Tlie  plan  and  scope  of  our  Association,  like  that  of  its  Europerin  sisters, 
is  eminently  popular,  since  it  invites  to  its  membership  all  those  who  by 
their  attendance  and  their  contributions. are  willing  to  show  tholr  Interest 
in  our  objects.  It  Is  at  the  same  time  eminently  conservative  In  its 
organization.  Within  the  wide  circle  of  Its  members,  or  associates  as  they 
might  be  called,  is  a  select  body  of  fellows,  to  whom  alone,  by  the  con- 
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8tltutlon,  is  Intrusted  the  governmeut  of  the  body.  These  are  under  the 
present  revised  constitution  carefully  selected  from  the  members  for  their 
scientific  attainments,  and  are  alone  eligible  for  office  in  the  Association. 
Moreover,  those  who  have  had  the  honor  of  filling  the  chair  of  president 
of  the  Association  are  perpetual  members  of  Its  governing  body,  the 
Standing  Committee. 

So  much  in  my  capacity  of  an  original  member,  fellow  and  past-president 
of  the  Association,  I  have  ventured  to  recall  for  the  information  alike  of 
citizens  and  the  younger  meml^ers  of  the  Association.  To  all  its  members 
who  have  now  honored  us  with  their  presence  I  would  say  that  the  Local 
Committee,  not  unmindful  of  the  importance  of  the  American  Association, 
and  of  the  distinction  conferred  on  this  city  in  choosing  it  as  a  place  of 
meeting,  has  spared  no  pains  or  care  to  do  honor  to  its  guests,  and  now 
bids  you  a  hearty  welcome. 

The  Mayor  of  Montreal  was  next  introduced  and  welcomed  the 
members  of  the  Association  to  the  city  in  the  following  words : — 

Mr,  President,  Ladies  and  Gentlemen : 

I  feel  highly  honored  at  having  the  very  pleasant  duty  to  perform  of 
welcoming  those  gentlemen  from  the  different  parts  of  America  —  from 
the  Dominion  of  Canada  and  the  United  States  —  who  have  met  here  to 
discuss  questions  which  interest  the  whole  of  humanity  —  a  welcome, 
gentlemen,  which  the  citizens  of  Montreal  and  the  City  Council  have 
heartily  voted  to  the  different  Associations'  of  scientific  men  —  the  For- 
estry Congress,  as  well  as  this  American  Association  for  the  Advancement 
of  Science  —  who  have  met  here  and  are  now  daily  meeting  to  discass 
questions  of  the  utmost  importance.  I  have  every  hope  and  confidence 
that  your  deliberations  will  result  in  great  improvements  in  the  different 
branches  of  Science.  Mr.  President,  on  behalf  of  the  citizens  of  Mont- 
real, I  welcome  all  those  who  are  attending  the  American  Association  for 
the  Advancement  of  Science,  the  American  Forestry  Congress  and  the 
Society  for  tlie  Promotion  of  Agricultural  Science,  and  I  am  authorized 
to  offer  you  the  freedom  of  the  city. 

President  Dawson  then  read  a  letter  from  His  Excellency  Thk  Gov- 
RRNOK  Grnkral,  rcgrctting  his  absence,  and  also  announced  that  His 
Honor,  Lieutenant-Governor  Robitaille  had  expected  to  be  present  to 
address  a  few  words  of  welcome  to  the  members,  but  had  been  unexpect- 
edly called  to  a  distant  part  of  the  Province. 

Dr.  Tiiohburx,  of  Ottawa,  who  was  next  called  on,  said  that  at  a  pub- 
lic meeting  recently  held  in  that  city,  steps  had  been  taken  to  give  a  hearty 
welcome  to  those  members  of  the  Association  who  might  visit  the  capital. 
Ottawa  had  many  attractions  and  he  felt  sure  that  the  members  would  be 
pleased  with  their  visit  and  trusted  that  as  many  as  could  would  favor  his 
fellow-citizens  with  their  presence  on  Saturday  next. 

The  PRESIDENT  then  said : —  It  falls  to  me,  gentlemen,  to  acknowledge 
on  behalf  of  the  Association,  the  welcome  which  yon  have  given  it.     In 
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doing  so,  I  have  the  advantage  of  knowing  IVom  personal  observation 
the  zeal  and  energy  which  have  been  displayed  by  the  meinl>ers  of  the 
Ijocal  Committee,  and  the  enthusiasm  kindled  by  the  occasion  in  the  minds 
of  the  citizens  generally.  The  occasion  is  undoubtedly  one  worthy  of 
the  interest  it  has  excited,  not  only  in  this  and  neighboring  cities  but  in 
Canada  generally.  By  its  selection  for  the  meeting  of  tliis  Association, 
Montreal  becomes  for  the  time  the  scientific  capital  of  North  America, 
from  which  will  go  forth  decrees  more  potent  than  those  of  parliaments, 
and  to  which  will  be  turned  the  eyes  of  all  interested  in  the  progress  of 
Science  and  the  Scientific  Arts.  You  do  well  to  esteem  highly  the  posi- 
tion thus  conferred  and  to  sustain  it  in  the  future  by  the  actions  of  your 
own  local  institutions. 

The  fact  that  we  can  congratulate  ourselves  on  this  occasion  in  the 
presence  of  so  many  and  so  eminent  men  of  science  from  the  other  side 
of  the  Atlantic  is  largely  due  to  the  exertions  of  the  Local  Committee 
and  to  the  liberality  of  the  citizens  of  Montreal.  I  had  the  honor  in 
1856  to  be  the  spokesman  of  a  delegation  which  went  to  Albany  to  invite 
this  Association  to  hold  the  meeting  in  Montreal  in  1857,  which  has  been 
referred  to.  That  meeting  was  a  most  successful  one,  though,  no  doubt, 
far  inferior  In  numbers  to  the  present.  It  benefited  this  Association  and 
the  interests  of  science,  and  gave  a  stimulus  to  the  cause  of  scientific 
education  and  research  in  Montreal,  the  effects  of  which  still  remain. 
May  the  present  meeting  be  still  more  agreeable  and  useful.  Of  the  lead- 
ing men  of  science  who  took  part  in  the  meeting  of  1857  many  have 
passed  away :  Henry,  Logan,  Bache,  Pierce,  Munroe,  Billings  and  Morgan 
are  among  these.  But  many  of  the  men  who  then  stood  high  in  science 
are  with  us  to-day,  and  you  now  welcome  a  large  number  of  men  who 
have  since  that  time  risen  into  eminence,  and  of  still  younger  men  whose 
names  will  yet  be  widely  known.  To  such  young  and  rising  men  you 
should,  and  I  know  do,  extend  a  welcome  as  hearty  as  to  those  who  are 
their  seniors  and  are  better  known  t#  you.  You  welcome  here  to-day  a 
much  larger  body  than  that  which  you  received  in  1857.  This  is  evi- 
denced not  only  by  the  larger  number  of  members,  but  by  the  increased 
number  of  sections.  In  1857  there  were  two  sections  and  a  sub-section. 
Now  there  will  be  no  less  than  nine  sections  meeting  simultaneously.  I 
have  only  to  add,  on  behalf  of  the  Association,  that  the  ordinary  meetings 
of  tlie  sections,  and  those  evening-meeting  addresses  which  will  be  adver- 
tised, are  open  to  all  who  may  desire  to  benefit  by  them;  and  that  the 
membership  of  the  Association  is  open  to  all  suitable  applicants  on  very 
easy  terms.  Snch  entertainments  and  excursions  ns  have  been  provided 
by  the  Local  Committee  or  by  local  institutions  and  private  individuals, 
are  of  course  limited  by  the  invitations  these  may  issue,  but  I  have  no 
doubt  they  will  be  made  as  general  as  the  circumstances  will  permit. 

The  Pkrmaxent  Secretary  announced  that  the  financial  report  of  the 
year  had  been  presented  to  the  Standing  Committee  and  would  appear  in 
the  volume  of  Proceedings.    Several  subscriptions  had  come  in  for  re- 
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printing  volumes  of  the  Proceedings  of  the  Association,  among  others  one 
from  Gen.  William  Lilly  of  $1,000  for  reprinting  volume  twenty -six,  and 
since  he  had  come  to  Montreal  he  had  received  another  contribution  of 
$850  for  a  similar  purpose  from  a  member,  who  for  the  present  wished  to 
remain  unknown.  lie  also  stated  that  one  hundred  and  sixty  papers  had 
already  been  entered  for  this  meeting  and  referred  to  the  various  sections. 

Dr.  T.  Steriiy  Hunt,  on  behalf  of  the  Art  Associatiox,  invited  the 
members  to  visit  the  Art  exhibition. 

Tlie  Pkrmanknt  Srcrrtart  then  stated  that  notices  of  tlie  decease  of 
the  following  members  of  the  Association  had  been  received  since  the 
last  meeting : 

Thomas  Allen,  of  St.  Louis,  Mo.  Joined  the  Association  at  the  27th 
meeting.    Died  April  8,  1882. 

Zaciiariah  Allkn,  of  Providence,  U.  I.  An  original  member.  Died 
March  17,  1882. 

John  G.  Barnard,  of  New  York,  N.  Y.  Joined  at  the  14th  meeting. 
Died  May  14,  1882. 

Gkorge  S.  Blackir,  of  Nashville,  Tenn.    Joined  at  the  2Gth  meeting. 

Alukkt  D.  Brioos,  of  Springfield,  Mass.  Joined  at  the  13th  meeting. 
Died  Feb.  20,' 1881. 

Levi  S.  Burbank,  of  Woburn,  Mass.  Joined  at  the  18th  meeting. 
Died  Aug.  20,  1880,  in  his  52d  year. 

Mrs.  Mary  II.  Campbell,  of  Crawfordsville,  Ind.  Jolued  at  the  22nd 
meeting.     Died  Feb.  27,  1882. 

Frederick  Collins,  of  Washington,  D.  C.    Joined  at  the  28th  meeting. 

J.  M.  Cramp,  of  Wolfvllle,  N.  S.  Joined  at  the  11th  meeting.  Born 
July  25,  179C.     Died  Dec.  G,  1881. 

Charles  F.  Crocker,  of  Lawrence,  Mass.  Joined  at  the  22nd  meeting. 
Died  in  July,  1881. 

E.  A.  Dalrymplr,  of  Baltimore,  Md.  Joined  at  the  11th  meeting. 
Died  Oct.  80,  1881. 

Caleb  G.  For(^iiey,  of  New  Orleans,  La.  Joined  at  the  21st  meeting. 
Died  in  Aug.,  1881. 

W.  W.  Glazier,  of  Key  West,  Fla.    Joined  at  the  29tli  meeting.     I>ied 
.  Dec.  11,  1880. 

J.  GoLDMAHK,  of  New  York,  N.  Y.  Joined  at  the  29th  meeting.  I>ied 
in  April,  1882. 

George  W.  Hawbs,  of  Washington,  D.  C.  Joined  at  the  23d  meeting. 
Born  Dec.  81,  1848.    Died  June  22,  1882. 

Thomas  Fotts  James,  of  Cambridge,  Mass.  Joined  at  the  22nd  meet- 
ing.    Born  Sept.  1,  1803.     Died  Feb.  22,  1882. 

Lewis  H.  Morgan,  of  Rochester,  N.  Y.  Joined  at  the  10th  meeting. 
Born  Nov.  21,  1818.     Died  Dec.  17,  1881. 

William  H.  Mcssey,  of  Cincinnati,  Ohio.  Joined  at  the  30th  meeting. 
Bori  Sept.  13, 1818.     Died  Aug.  1,  1882. 
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Charles  II.  Fayn,  of  Saratoga  Springs,  N.  Y.  Joined  at  the  28th  meet- 
ing.   Died  In  1881. 

J.  DuncanPutxam,  of  Davenport,  Iowa.  Joined  at  the  27th  meeting. 
Born  Oct.  18,  1855.     Died  Dec.  10,  1881. 

Wii.UAM  Bauton  Kogkrs,  of  Boston,  Mass.  An  original  member. 
Born  Dec.  7,  1804.    Died  May  30,  1882. 

Eliiiu  Koot,  of  Amherst,  Mass.     Joined  at  the  2oth  meeting. 

William  Siikppard,  of  Drummondville,  Quebec.  Joined  at  the  11th 
meeting.     Born  in  1783.     Died  in  18G7. 

David  P.  Smith,  of  Springfield,  Mass.  Joined  at  the  29th  meeting. 
Died  Dec.  2G,  1880. 

CiiARLKS  Spinzig,  of  St.  Louis,  Mo.  Joined  at  the  27th  meeting.  Died 
Jan.  22,  1882. 

A.  Rkmskn  Thomson,  of  New  Yorlc,  N.  Y.  An  original  member.  Died 
in  Oct.,  1879. 

William  S.  Yaux,  of  Philadelphia,  Pa.  An  original  member.  Born 
May  19,  1811.    Died  May  5,  1882. 

GouvERNKUK  Kkmblk  Warkex,  of  NevTpoi't,  li.  I.  Joined  at  the  12th 
meeting.     Died  Aug.  8,  1882,  in  hU  G4thyear. 

J.  CuAiG  WaT80N,  of  Ann  Arbor,  Midi.  Joined  at  the  13th  meeting. 
Born  Jan.  28,  1838.     Died  Nov.  23,  1880. 

Mrs.  G.  O.  Wklcu,  of  Lynn,  Mass.  Joined  at  the  21st  meeting.  Died 
in  Jane,  1882. 

Charles  M.  Wueatlky,  of  Phoonixvllle,  Pa.  An  original  member. 
Died  May  6,  1882. 

Lewis  E.  Whiting,  of  Saratoga  Springs,  N.  Y.  Joined  at  the  28th 
meeting.    Born  March  7,  1815.    Died  Aug.  2,  1^82. 

This  list  Includes  tlie  names  of  five  original  members,  two  past-presi- 
dents, and  the  trea.surer  of  the  Association. 

The  Gknkral  Secrktaky  announced  that  the  Standing  Committee  rec- 
ommended for  membership  In  the  Association  the  members  of  the  Local 
Committee  in  Montreal  and  one  hundred  and  sixty-nine  other  persons 
whose  names  were  read  to  the  meeting.  On  motion,  the  Gknkral  Sbc- 
KKTARY  was  instructed  to  cast  an  affirmative  ballot  for  the  election  of  the 
parties  named,  who  were  then  declared  duly  elected  members  of  the  As- 
sociation. 

« 

The  Prbsidrnt  announced  that  the  following  named  gentlemen  fl'om 
abroad,  who  were  present  as  invited  guests  of  the  Association,  had  been 
nominated  for  membership  by  the  Standing  Committee,  and  they  were 
duly  elected  by  the  Association 

Dr.  JosKPii  Szab6,  Royal  Counsellor,  Professor  of  Geology  and  Mlner- 
eralogy,  Budnpest,  Hungary. 

CiiARLKS  Weld,  Professor  of  Histology,  University  of  Vienna. 

Dr.  WoLDKMAR  KoWALEVsKY,  Profcssor  of  Geology,  University  of 
Moscow.  • 

Dr.  Rudolph  K(£nig,  of  Paris. 
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Rev.  Samuel  Hauohton,  Trinity  Coliege,  Dablin. 

Gkorok  Francis  Fitz  Grrald,  Trinity  College,  Dablin. 

W.  S.  McCay,  Fellow  of  Trinity  College,  Dublin. 

Alfrkd  Hamilton  Ormsby,  Barrister-at-Law,  Dublin. 

Rev.  Prof.  Wiltsiiirb,  King's  College,  London. 

Dr.  John  Hak,  F.  U.  S.,  LL.  D.,  Kensington,  London. 

William  B.  Carpentkr,  C.  B.,  M.  D.,  Loudon. 

Dr.  J.  W.  Gilbert,  Rotliamstcd,  England. 

John  Cox,  Warden  of  Cavendish  College,  Cambridge. 

Erni^t  H.  Cook,  Bristol  University  School,  Bristol,  Eng. 

J.  S.  PiiKxA,  LL.  D.,  F.  S.  A.,  F.  G.  S.,  London. 

The  pRKsiDKXT  also  announced  that  the  annual  meeting  of  the  Britisli 
Association  opened  on  the  same  day  with  this  meeting. 

The  recommendation  of  the  Standing  Committee  that  the  hoars  of 
meeting  each  day,  except  Saturday,  should  be  from  10  a.  m.  to  1  p.  M., 
and  from  2.30  to  5  p.  m.,  was  adopted. 

The  General  Session  was  thefl  declared  adjourned  for  the  meetings  of 
the  Sections  In  tlieir  respective  rooms  for  organization. 

Section  A.    Mathematics  and  Astronomy, 

In  the  absence  of  the  Vice  President,  Wm.  Harknbss  of  Washington, 
tht;  Section  was  called  to  order  by  the  Secretary,  H.  T.  Eddy  of  CinciDDati, 
and  W.  A.  Rogers  of  Cambridge  was  elected  temporary  Chairman. 

W.  W.  Johnson  of  Annapolis  was  elected  to  the  Standing  Committee, 
W.  W.  Payne  of  Northfleld  to  serve  on  the  Nominating  Committee,  and 
the  following  Sectional  Oommiltee  w^as  elected :  G.  W.  Hill  of  Wash- 
ington, Leonard  Waldo  of  New  Haven,  C.  A.  Young  of  Princetoo. 

The  Subcommittee,  to  act  with  the  Vice  President  and  Secretary  in 
recommending  to  the  Nominating  Committee  the  Vice  President  and  Sec- 
retary of  the  next  meeting,  was  elected  as  follows :  F.  H.  SiikbhaN, 
Nashville,  R.  W.  Wilson,  Cambridge,  C.  H.  Rockwell,  Tarrytown. 

The  Section  then  adjourned  until  2.30  p.  m. 

In  the  afternoon,  in  the  absence  of  the  Vice  President,  his  address  was 
read  by  J.  R.  Eastman  of  the  U.  S.  Naval  Observatory. 

Section  B.    Physics. 

Section  called  to  order  by  Vice  President  T.  C.  Mbndenhall  of  Co- 
lumbus, CiiAS.  S.  Hastings  of  Baltimore,  Secretary. 

Fellow  elected  to  Standing  Committee :  E.  W.  Blakb,  Providence. 

Sectional  Committee :  C.  K.  Wead,  Ann  Arbor,  A.  E.  Dolbbar,  College 
Hill,  H.  A.  Rowland,  Baltimore. 

To  Nominating  Committee  :  T.  F.  Jewell,  Newport. 

Sectional  Subcommittee:  N.  D.  C.  Hodges,  Salem,  J.  B.  Mordoot, 
Annapolis,  S.  H.  Brackett,  St.  Johnsbury. 

Section  adjourned  to  meet  at  4  p.m.,  when  Vice  President  Mendbnhall 
delivered  his  address. 
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Section  C.     Chemistry. 

Section  called  to  order  by  Vice  President  H.  C.  Bolton  of  Hartford, 
Alfred  Springer  of  Cincinnati,  Secretary. 

Fellow  elected  to  Standing  Committee :  S.  A.  Lattimorb,  Rochester. 

Sectional  Committee :  G.  C.  Caldwell,  Ithaca,  E.  W.  Morlkv,  Hud- 
son, K.  C.  Kkdzib,  Lansing. 

To  Nominating  Committee :  G.  C.  Caldwell,  Ithaca. 

Sectional  Subcommittee:  A.  A.  Julien,  New  York,  P.  Schweitzer, 
Columbia,  A.  R.  Leeds,  Hobokon. 

Section  adjourned  to  meet  at  2.80  p.  M.,  when  Vice  President  Bolton 
delivered  his  address. 

Section  D.    Mechanical  Science, 

Section  called  to  order  by  Vice  President  W.  P.  Trowbridge  of  New 
Haven.  In  the  absence  of  the  Secretary,  C.  B.  Dudley,  J.  BuRKiTr  Webb 
of  Ithaca  was  elected  to  fill  the  vacancy.  The  other  elections  were  de- 
ferred until  the  following  day. 

Section  adjourned  to  meet  at  4  p.  m.,  when  Vice  President  Trowbridge 
delivered  his  address. 

Section  E.     Geology  and  Geography. 

This  Section  was  called  to  order  by  Vice  President  E.  T.  Cox  of  San 
Francisco.  In  the  absence  of  the  Secretary,  C.  E.  Dutton,  the  Section 
elected  H.  S.  Williams  of  Ithaca  to  act  In  his  place. 

Fellow  elected  to  Standing  Committee :  G.  IL  Cook,  New  Brunswick. 

Sectional  Committee:  C.  H.  Hitchcock,  Hanover,  N.  H.  Winchell, 
Minneapolis,  E.  T.  Nelson,  Delaware. 

To  Nominating  Committee :  J.  W.  Spencer,  Pax  ton. 

Sectional  Subcommittee :  P.  W.  Siieafer,  Pottsville,  Alex.  Winchell, 
Ann  Arbor,  William  Lilly,  Mauch  Chunk. 

Section  adjourned  to  meet  at  4  p.  m.,  when  Vice  President  Cox  ad- 
dressed the  Section,  and  an  Interesting  discussion  followed. 

Section  F.    Biology. 

Section  called  to  order  by  Vice  President  I) all  of  Washington.  In  the 
absence  of  the  Secretary,  C.  S.  Minot,  William  Osler  of  Montreal  was 
elected  to  fill  the  vacancy. 

Fellow  elected  to  Standing  Committee :  A.  J.  Cook,  Lansing. 

Sectional  Committee :  J.  A.  Lintner,  Albany,  W.  J.  Beal,  Lansing,  H. 
F.  Bassett,  Waterbury. 

To  Nominating  Committee :  L.  F.  Ward,  Washington. 

Sectional  Subcommittee :  Thos.  Meehan,  Germantown,  B.  D.  Halstrd, 
New  York,  T.  J.  Bcrrill,  Champaign. 

Section  adjourned  to  meet  at  4  p.  m.,  when  Vice  President  Ball  delir- 
ered  his  address. 

Section  G.    Histology  and  Microscopy. 

Section  called  to  order  by  Vice  President  A.  H.  Tuttlb  of  Columbu8| 
Bobebt  Buown,  Jr.,  of  New  Haven,  Secretary. 
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Fellow  elected  to  Standing^  Committee :  R.  IT.  Waiid,  Troy. 

Sectional  Committee :  A.  B.  IIkuvey,  Taunton,  Louis  Elsbkhg,  New 
York,  U.  Hitchcock,  New  York. 

To  Nominating  Committee :  J.  D.  Hyatt,  Morrlsanla. 

Sectional  Subcommittee:  G.  O.  Mifcukll,  Hanover,  T.  J.  Burbill, 
Champaign,  C.  C.  Mkuriman,  Rochester. 

Section  adjourned  to  meet  at  2.30  P.  m.,  when  Vice  President  Tuttlb 
delivered  his  address. 

Section  H.    Anthropology. 

In  the  absence  of  the  Vice  Presiilcnt,  Danikl  Wilson  of  Toronto,  the 
Secretary,  Otis  T.  Mason  of  Washington,  called  the  Section  to  order. 

Fellow  elected  to  Standing  Committee :  P.  R.  Hoy,  Racine. 

Sectional  Committee :  A.  S.  Bickmork,  New  York,  Garrick  Maixkrt, 
Washington,  N.  S.  Townshend,  Columbus. 

To  Nominating  Committee :  Horatio  Hale,  Clinton. 

Sectional  Subcommittee:  J.  O.  Dorsry,  Washington, Geo.  H. PRiucrxs, 
Burlington,  Joseph  Anderson,  Waterbury. 

-  Section  adjourned  to  meet  at  4  p.  m.,  when  the  address  of  Vice  Presi- 
dent Wilson  was  read  by  the  Secretary,  Otis  T.  Mason. 

Section  I.    Economic  Science  and  Statistics. 

Section  called  to  order  by  Vice  President  £.  B.  Elliot  of  Washington, 
F.  B.  HouGU  of  Lowville,  Secretary. 

Fellow  elected  to  Standing  Committee :  Joseph  Cumminos,  Evanston. 

Sectional  Committee :  J.  R.  Dodge,  Washington,  Chas.  W.  Smilbt, 
Washington,  E.  B.  Whitman,  Cambridge. 

To  Nominating  Committee :  Eli  E.  Tappan,  Gambler. 

Section  adjourned  to  2.30  p.  m.,  when  Vice  President  Eujott  addressed 
the  Section. 

In  the  evening  a  General  Session  of  the  Association  was  held  in  the 
Queen's  Hall,  for  the  purpose  of  hearing  the  address  of  the  retiring  Presi- 
dent of  the  Association,  Prof.  Gkougk  J.  Brush  of  Yale  College,  New 
Haven.  President  Dawson  introduced  Professor  Brush,  who  then  de- 
livered his  address,  after  which  the  members  were  invited  to  repair  to 
the  assembly  rooms  adjoining,  where  a  kind  reception  awaited  them  by 
the  Local  Committee  represented  by  Dr.  T.  Sterry  Hunt.  Music  was 
provided,  and  the  rooms  were  handsomely  decorated  with  flowering-plants, 
palms  and  ferns,  while  at  one  end  of  the  main  hall  refreshment  tables  were 
placed,  and  several  hours  were  passed  in  pleasant  social  intercourse. 

Thursday,  August  24. 

The  Association  met  in  General  Session  at  10  a.  m.,  in  the  William  Mol- 
son  Hall,  President  Dawson  in  the  chair. 

The  Pkrmanent  Secretary  announced  that  an  invitation  had  been 
extended  to  the  members  of  the  Association,  by  the  directors  of  the  Mon- 
treal Amateur  Athletic  Association  to  visit  their  rooms  and  library. 
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The  General  Secretary  read  the  list  of  nnmcs  of  sixty-one  persons 
recommenclod  for  membership  by  the  Standing  Committee,  making  two 
hundred  and  thirty  in  all.  On  motion,  the  Secretary  was  directed  to  cast 
an  affirmative  ballot,  and  tliey  were  declared  elected. 

The  Association  then  adjourned  to  meet  in  Sections.  [The  papers  read 
before  the  several  Sections  are  given  in  other  parts  of  this  volume.] 

In  Section  A,  a  magnificent  series  of  astronomical  plates,  from  draw- 
ings by  Mr.  £.  L.  Trouvklot,  was  placed  on  exhibition. 

In  Section  C,  the  Chairman  announced  that,  in  accordance  w^ith  the 
resolutions  passed  at  the  previous  day's  session,  he  had  appointed  a  com- 
mittee consisting  of  F.  "W.  Clarke,  Arthur  H.  Elliott  and  II.  B.  Nason, 
to  discuss  the  feasibility  of  framing  a  list  of  chemical  indices.  Uc  said 
their  duty  would  be  the  discussion  of  one  of  the  most  important  obstacles 
now  In  the  way  of  chemistry.  There  being  no  uniform  system  of  chemi- 
cal indices,  each  chemist  adopted  a  system  of  his  own  in  recording  the 
results  of  his  investigations.  When  an  eminent  chemist  chanced  to  die, 
the  results  of  his  life's  experience  and  researches  would  follow  him  into 
his  grave,  and  humanity  would  be  deprived,  perhaps,  of  the  inestimable 
work  of  a  life  devoted  to  this  science. 

In  Section  D,  Dr  Voiron  Wood,  of  Iloboken,  was  elected  to  the 
Standing  Committee,  and  G.  Lanza  of  Boston,  to  the  Nominating  Com- 
mittee. 

In  Section  G,  an  invitation  was  read  and  accepted  from  the  Montreal 
Microscopical  Club  for  Monday  evening,  from  8  to  10  p.  m.,  for  the 
practical  demonstration  of  various  modes  of  illumination. 

In  the  evening  the  members  were  invited  to  the  formal  opening  of  the 
Redpath  Museum,  when  the  fine  new  building  was  presented  by  Mr. 
Petek  Rkdpatii  to  the  McG ill  University.  After  the  ceremonies  of  pre- 
sentation were  over.  Principal  and  Mrs.  Dawson  held  a  reception  in  the 
Mnsenm  halls,  to  which  the  members  of  the  Association  and  many  citizens 
had  been  invited.  During  the  evening  Mr.  Ilovey's  paper  on  "Cave 
Scenery  "  was  given  In  the  theatre,  illustrated  by  lantern  pictures. 

Friday,  August  25. 

The  Association  met  In  General  Session  at  10  a.  m..  President  Dawson 
In  Che  chair. 

The  General  Secretary  read  the  names  of  fifty- two  persons  recom- 
mended by  the  Standing  Committee  for  membership  in  the  Association, 
all  of  whom  were  duly  elected.  He  also  announced  that  the  Standing 
Committee  had  nominated  Prof.  W.  A.  Rogers  of  Cambridge  as  Vice 
President  for  Section  A,  and  Prof.  Alex.  Winchell  of  Ann  Arbor  for 
Section  H,  and  on  motion  the  nominations  were  confirmed. 

The  Standing  Committee  recommended  that  a  committee  be  appointed 
to  confer  with  committees  of  foreigu  associations  for  the  advancement  of 
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science,  with  reference  to  an  international  convention  of  scientific  asso- 
ciations, the  said  committee  to  consist  of  T.  Sterrt  Hunt,  Montreal, 
Alkx.  Agassiz,  of  Cambridge,  Mass.,  and  Simon  Nkwcomb,  of  Washing- 
ton. 

Also,  that  a  committee  be  appointed  to  confer  with  a  committee  of  the 
British  Association  on  the  aunoal  records  of  science,  said  committee  to 
consist  of  J.  W.  Dawson,  Montreal,  F.  W.  Clarkr,  Cincinnati,  Edw.  S. 
Pana,  New  Haven,  H.  W.  Martin,  Baltimore,  and  C.  A.  Whitb,  Wasli- 
in^ton.  Both  these  recommendations  were  adopted,  and  the  committees 
appointed. 

The  following  resolution  was  then  proposed  and  adopted.  Moved  by 
Major  Jed,  HoTcnxisa  of  Virginia,  seconded  by  Prof.  C.  H.  HiTCifCOCK 
of  Hanover,  N.  H. : — 

Becognizing  the  relations  of  the  late  Prof.  Wm.  B.  Roorrs  to  this  As- 
sociation as  one  of  its  founders,  his  eminent  and  long  continaed  services 
in  the  interest  of  science,  and  his  world-wide  reputation  as  a  scientist,  be 
it  resolved,  that  the  Standing  Committee  of  this  Association  be  re- 
quested to  appoint  some  member  familiar  with  the  life  and  labors  of 
Professor  Rogers  to  prepare  and  read  at  the  next  annual  meeting  of  this 
Association  a  suitable  memoir  of.  him,  to  be  subsequently  published  in  the 
Proceedings. 

The  Association  then  resolved  itself  into  a  meeting  of  Section  B  to 
listen  to  a  paper  '^Upon  the  electrical  experiments  to  determine  the  loca- 
tion of  tiic  bullet  in  the  body  of  the  late  President  Garfield,  and  upon  a 
successful  form  of  Inductive  Balance  for  the  painless  detection  of  me- 
tallic masses  embedded  in  the  human  body,*'  by  Alex.  Guaiiam  Bell;  it 
being  understood  that  the  other  Sections  would  suspend  their  meetings 
until  after  the  reading  of  this  paper.  At  the  conclusion  of  this  inter- 
esting communication  the  thanks  of  the  members  were  unanimously  ten- 
dered to  Professor  Bell  for  his  efforts  in  the  cause  of  suffering  humanity. 

2n  Section  C,  the  Index  Committee  reported  the  following  resolution 
which  was  adopted : 

Jtesolvedy  That  a  committee  of  five  be  appointed  to  devise  and  inaugurate 

a  plan  for  the  proper  indexing  of  the  literature  of  the  chemical  elements. 

Said  committee  to  consist  of  the  Chairman  of  the  Section  and  four  others 

to  be  appointed  by  him.    The  committee  shall  have  full  power  to  secure 

the  cooperation  of  volunteers  and  be  required  to  report  at  the  meeting  of 

the  chemical  Section  in  1883. 

F.  W.  Clarke, 

A.  H.  Elliott, 

H.  B.  Nasok. 

In  Section  /,  Dr.  Hough  being  obliged  to  leave  for  home,  J.  R,  DodgI: 
of  Washington  was  elected  Secretary  of  the  Section. 
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On  Friilay  afternoon  a  reception  was  given  to  the  menibei-s  by  Mr.  and 
Mrs.  J.  H.  R.  MoLSON  in  their  house  and  grounds  at  Piedmont  from  4  to  7 
o'clock. 

In  consequence  of  the  excursions  to  Quebec  and  Ottawa,  there  were  no 
meetings  of  tbc  Association  on  Saturday.  Those  who  joined  the  Quebec 
excursion  left  by  boat  on  Friday  niglit,  reaching  Quebec  early  on  Satur- 
dny  rooming,  when,  after  breakfast  on  board  the  steamer,  they  were  con- 
ducted by  a  Committee  of  citizens  to  visit  the  fortifications,  the  Citadel 
and  tbc  University.  After  this  they  embarked  on  another  steamer  for  an 
excur&lon  around  the  harbor,  during  which  an  excellent  lunch  was  served 
on  board,  and  was  followed  by  addresses.  The  party  returned  to  Mon- 
treal on  Saturday  evening  by  the  North  Shore  Railway. 

The  Ottawa  party  left  by  early  train  on  Saturday  morning  and  reached 
the  capital  after  a  pleasant  ride  of  four  hours  where  they  were  met  by 
the  reception  committee  and  conveyed  to  the  various  points  of  interest, 
after  wbich  luncheon  was  provided  In  the  Drill  Hall,  accompanied  by  ad- 
dresses of  welcome  and  suitable  responses  by  the  members.  The  party 
returned  to  Montreal  about  midnight  much  pleased  with  the  generous 
treatment  they  had  received  from  the  citizens  of  Ottawa.  The  excursion 
to  Ottawa  was  conducted  by  Dr.  J.  W.  Dawson,  and  that  to  Quebec  by 
Dr.  T.  Stkrry  Hunt. 

Monday,  August  28. 

The  Association  convened  in  General  Session  at  10  a.  m.,  the  Fkksidknt 
hi  the  chair. 

The  Gknkral  Sfcrktary  read  a  list  of  seventeen  persons  recommended 
by  the  Standing  Committer  for  membership  in  the  Association,  and  they 
were  duly  elected. 

The  special  committee  on  the  proposed  memorial  to  Charles  Darwin, 
reported  as  follows : — 

Whereas  a  committee  has  been  designated  to  coSperate  with  the 
KngHsb  Committee  for  collecting  subscriptions  for  a  memorial  to  Charlks 
Darwin,  of  which  American  Committee  Mr.  Alkxander  Agassiz  Is  Treas- 
nrer :  the  Standing  Committkk  of  the  American  Association  for  the  Ad- 
vancement of  Science,  confident  that  all  American  Naturalists,  and  all 
fciends  of  science,  will  be  glad  to  join  in  the  furtherance  of  this  object, 
hereby  commend  it  to  the  Association,  and  request  that  all  members  of 
the  Association  and  all  others  who  desire  to  do  honor  to  the  memoiy 
of  a  noble  character,  a  most  sagacious  investigator,  and  a  single-hearted 
lover  of  knowledge  for  Its  own  sake,  should  send  any  contributions 
they  may  wish  to  make,  directly  to  Mr,  Alexandkr  Aoassiz,  at  Cam- 
bridge, Mass. 

The  Committee  to  memorialize  the  Legislature  of  New  York  for  a  new 
nirvey  of  Niagara  Falls  asked  for  further  time,  which  was  granted. 

A.  A.  A.  8.,  VOL.  XXXI.  40 
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The  Committee  to  obtain  permanent  funds  for  tlie  Association  and  to 
advise  with  tlie  Treasurer  and  Ternianent  Secretary  on  financial  matters, 
was  discharged. 

The  Committee  on  tlie  best  metliods  of  science  teaching  in  the  public 
schools  reported  that  they  had  no  report  to  present  this  year,  but  the 
Standing  Committer  desired  that  it  should  be  continued.  The  Associa- 
tion ngrecd  to  tills. 

Prof.  Gkougk  J.  Brush,  of  New  Haven,  reported  on  behalf  of  the 
Committee  appointed  to  cooperate  with  the  Committee  of  the  Amcricfln 
Philological  Association  in  relation  to  the  proper  restriction  of  the  degree 
of  Ph.  D.  He  explained  that  the  degree  of  Ph.  D.,  which  it  was  first 
intended  should  be  given  only  by  examination,  had  been  given  very 
largely  throughout  tiie  country  ns  an  Honorary  Degree,  and  the  JoiXT 
CoMMiTTKK  resolved  to  address  a  circular  to  the  various  colleges,  repre- 
senting tliese  facts  and  aslcing  them  to  restrict  the  conferring  of  the 
degree.  This  was  accordingly  done,  the  circular  being  prepared  and  sent 
to  some  415  colleges  tiiroughout  tlie  country.  He  aslsed  that  the  Com- 
mittee be  now  discliarged  as  it  liad  fulfilled  the  duty  for  which  it  was 
appointed.  The  Association  agreed  to  this  and  the  Committee  was 
discharged. 

The  Committee  on  State  Geological  Surveys  reported  progress,  and 
desired  to  be  continued.  As  tliis  was  recommended  by  the  Standing 
Committer,  it  was  agreed  to  by  the  Association. 

The  Committee  on  Standard  Time  reported  progress  and  asked  for 
further  time  to  complete  their  worlc.  The  Standing  Committer  recom- 
mended that  the  request  be  granted,  and  this  was  agreed  to. 

The  PREsroENT  announced  that  Dr.  Ellloit,  who  was  not  present,  was 
to*  have  reported  on  behalf  of  the  Committee  on  Weights,  Measures  and 
Coinage,  and  also  for  the  Committee  on  Registrations  of  Deaths,  Births 
and  Marriages.  The  Standing  Committkr  has  recommended  that  these 
committees  be  continued.    The  Association  agreed  to  their  conllnaation. 

The  Permanent  Skceetary  made  a  number  of  formal  annoancements, 
and  tlie  Association  then  adjourned  to  meet  Immediately  afterwards  in  the 
various  sections. 

Section  D  having  finished  the  reading  of  papers  assigned  to  it  concluded 
its  sessions  in  the  afternoon. 

In  the  afternoon  a  garden  party  was  given  to  the  members  of  the  Asso- 
ciation by  Mr.  and  Mrs.  L.  J.  Saugeant  at  their  residence,  Weredale,  at 
the  western  end  of  Dorchester  street. 

In  the  evening  at  8  o'clock,  a  lecture  was  delivered  before  a  large  audi- 
ence, by  Prof.  A.  Melville  Bell,  of  Kingston,  Ont.,  at  the  Queen's  Hall, 
on  the  subject,  "Visible  Speech." 

A  number  of  the  members  interested  in  Microscopy  attended  the  meet- 
ing of  the  Microscopic  Club  held  in  the  rooms  of  tlie  Natural  History 
Society.    The  numerous  microscopes  belonging  to  the  members  were  in 
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use.  At  9.80  the  gathering  was  called  to  order  by  Mr.  James  Ferrikr, 
jr.  Dr.  Carpenter  was  introduced,  and  in  the  course  of  a  very  inter- 
esting^ address  ppolce  of  and  explained  several  microscopes  which  he  had 
brou«:ht  with  him  from  England,  and  also  explained  certain  objects  as 
viewed  under  them. 

There  was  also  a  large  attendance  at  the  Art  Association  conver- 
sazione and  at  the  Gymnastic  £2(tertainmemt  both  held  at  the  same  time. 

TuBsi>AT,  August  29. 

The  Association  met  m  General  Session  at  10  a.  m.,  President  Dawson 
lu  the  chair. 

The  General  Secretary  read  the  names  of  fifteen  persons  recom- 
mended by  the  Standing  Committee  for  membert-hip  in  the  Association, 
aud  on  motion  they  were  duly  elected. 

The  Standing  Committee  recommended  that  Prof.  G.  F.  Barker  of 
Philadelphia  be  appointed  to  prepare  a  memorial  of  ihe  late  Prof.  W.  B. 
lloGERS;  also  that  the  followiug  be  appointed  a  committee  on  indexing 
chemical  literature:  Profs.  II.  C.  Bolton,  Hartford,  Ira  Hemskn,  Balti- 
more, P.  W.  Clarke,  Cincinnati,  A.  A.  Julien,  New  York,  A.  R.  Leeds, 
Hoboken,  both  of  which  recommendations  were  adopted. 

The  General  Secretary  then  announced  that  the  time  had  arrived 
when  the  important  business  of  selecting  a  place  for  the  next  year's 
meeting  was  to  be  settled  and  read  the  following  invitations : 

Minneapolis,  Minn.,  August  15,  1882. 

At  a  special  meeting  of  the  Minnesota  Academy  of  Natural  Sciences 
held  this  evening,  the  following  resolution  was  carried : 

Besoltedy  That  the  Minnesota  Academy  of  Natural  Sciences  hereby  cor- 
dially renew  the  invitation  tendered  the  American  Association  for  the 
Advancement  of  Science  in  the  year  1881,  to  meet  in  this  city  in  1882; 
and  hereby  assure  the  Association  in  repeating  for  the  coming  year,  1883, 
that  invitation  seconded  by  the  city  and  its  various  institutions,  that  its 
members  will  receive  at  the  hands  of  our  people  the  same  generous  hos- 
pitality promised  them  at  that  time. 

It  was  further  moved  and  carried  that  Prof.  N.  H.  Winchell,  a  member 
of  this  Academy,  be  instructed  to  present  the  above  resolution  to  the  As- 
sociation. 

A.  F.  Elliott,  President, 

C.  W.  Hall,  Secretary. 


J 


Iowa  Agricultural  College, 

Ames,  Aug.  19,  1882. 

To  THE  Nominating  Committee  of  the  A.  A.  A.  S., 

Gentlemen  :~In  behalf  of  the  scientific  men  of  this  College  and  State, 
I  would  urge  upon  you  the  desirability  of  selecting  a  western  place  of 
meeting  for  the  Association  in  1883.    We  will  give  you  most  cordial  wel- 
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come.    We  hope  that  jou  will  decide  to  meet  in  Minneapolis,  where 
yoQ  will  receive  royal  treatment. 

Very  truly, 

C.  £.  Besskt, 
Vice  President  of  the  Iowa  Agricultural  College, 
and  President  of  the  Iowa  Academy  of  Sciences, 

The  Secretary  announced  that  the  Association  had  also  received  seTend 
other  invitations,  which  were  of  an  informal  character,  and  that  the 
Standing  Committkk  had  decided  to  recommend  the  acceptance  of  the 
invitation  from  Minneapolis. 

The  President,  Dr.  Dawson,  said  that  the  Standing  Committre  had 
given  the  matter  every  consideration,  and  they  had  l>cen  nnanimoas  in 
their  verdict.  Prof.  N.  H.  Wixciikll  had  attended  their  meeting  and  his 
description  of  the  city  and  the  facilities  it  would  offer  hod  given  the  com- 
miltec  every  satisfaction. 

It  was  voted  unanimously  to  hold  the  next  annual  meeting  at  Minne- 
apolis, Wednesday,  August  15,  1883. 

The  Grnkral  Srcrrtart  then  read  the  following  list  of  members  rec- 
ommended by  the  Standing  Commitikb  to  be  elected  Fellows  of  the 
Association. 

Allen,  Harrison,  Philadelphia,  Pa. 
Aivord,  Flenry  £.,  Easthampton,  Mass. 
Ashburner,  Wm.,  San  Francisco,  Cal. 
At  water,  W.  O.,  Middletown,  Ct. 
Baker,  Marcus,  Washington,  D.  C. 
Bartiett,  J.  R.,  Washington,  D.  C. 
Blair,  Henry  W.,  Washington,  D.  C. 
Borden,  Spencer,  Fall  River,  Mass. 
Britton,  N.  L.,  New  Dorp,  N.  Y. 
Burrill,  T.  J.,  Champaign,  III. 
Call,  R.  Ellsworth,  Des  Moines,  la. 
Chamberlain,  Wm.  J.,  Columbus,  O. 
Chance,  H.  Martyn,  Philadelphia,  Pa. 
Chandler,  Seth  C,  Jr.,  Cambridge,  Mass. 
Chester,  Albert  H.,  Clinton,  N.  Y. 
Chittenden,  Russell  H.,  New  Haven,  Conn. 
Claypole,  Edw.  W.,  Yellow  Springs,  O. 
Collier,  Peter,  Wasliington,  D.  C. 
Comstock,  J.  Henry,  Ithoca,  N.  Y. 
Dabney,  Chas.  W.,  jr.,  Raleigh,  N.  C. 
Dolbear,  A.  E.,  College  Hill,  Mass. 
DuBois,  Aug.  J.,  New  Haven,  Ct. 
Dudley,  Chas.  B.,  Altoona,  Pa. 
D wight,  Wm.  B.,  Poughkeepsie,  N.  Y, 
Edwards,  Wm.  H.,  Coalburg,  W.  Va. 
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Flint,  James  M.,  Boston,  Mass. 

Finzier,  B.  W.,  Bethlehem,  Pa. 

Fa  Her,  A.  S.,  Rklgewood,  N.  J. 

Gatschet,  A.  S.,  Washington,  D.  C. 

Hale,  Horatio,  Clinton,  Ont. 

Hazen,  W.  B.,  Washington,  D.  C. 

Hines,  Cbas.  F.,  Carlisle,  Pa. 

Hodges,  N.  D.  C,  Salem,  Mass. 

James,  Jos.  F.,  Cincinnati,  O. 

Jewell,  Theo.  F.,  Newport,  R.  I. 

Kendall,  E.  Otis,  Philadelphia,  Pa. 

Ecu  nan,  George,  Washington,  D.  C. 

Langdon,  F.  W.,  Cincinnati,  O. 

Lanza,  Gaetano,  Boston,  Mass. 

Lazenby,  Wm.  R.,  Columbus,  O. 

Lilly,  William,  Mauch  Chunk,  Pa. 

Love,  Edw.  G.,  New  York,  N.  Y. 

Mncfarlane,  James,  Towanda,  Pa. 

Macloskie,  George,  Princeton,  N.  J. 

McGee,  W.  J.,  Farley,  Iowa. 

McNair,  A.  R.,  Saratoga  Springs,  N.  Y. 

Mixter,  Wm.  G.,  New  Haven,  Ct. 

Neale,  Arthur  T.,  New  Brunswick,  N.  J 

Nelson,  A.  B.,  Danville,  Ky. 

Peirce,  C.  S.,  Baltimore,  Md. 

Penhallow,  D.  P.,  Mountain ville,  N.  Y« 

Perkins,  George  H.,  Burlington,  Vt. 

Pilling,  James  C,  Washington,  D.  C. 

Piatt,  Franklin,  Philadelphia,  Pa. 

Prentiss,  D.  Webster,  Washington,  D.  C. 

Reed,  £.  B  ,  London,  Ont. 

Rockwell.  A.  P.,  Boston,  Mass. 

Ross,  Waldo  O.,  Boston,  Mass. 

Roland,  Henry  A.,  Baltimore,  Md. 

Russell,  J.  C,  Salt  Lake  City,  Utah. 

Schanck,  J.  Stillwell,  Princeton,  N.  J. 

Seller,  Carl,  Philadelphia,  Pa. 

Sestiui,  B.,  Woodstock,  Md. 

Sigsbce,  Chas.  B.,  Washington,  D.  C. 

Smith,  Edwin,  Washington,  D.  C. 

Snyder,  Monroe  B.,  Philadelphia,  Pa. 

Spencer,  Jas.  Wm.,  Windsor,  N.  S. 

Stallo,  J.  B.,  Cincinnati,  O. 

Stevens,  W.  Leconte,  New  York,  N.  Y. 

Stone,  George  H.,  Colorado  Springs,  Col. 

Sturtevant,  E.  Lewis,  South  Framlngham,  Mass. 

Swift,  Lewis,  Rochester,  N.  Y. 
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Taylor,  ArlhnrF.,  Cleveland,  O. 
Thomas,  Benj.  F.,  Columbia,  Mo. 
Thomas,  Cyrus,  Carbondale,  III. 
True,  Fred.  W.,  Washington,  D.  C. 
Trumbull,  J.  H.,  Uartford,  Conn. 
Van  Dyck,  Francis  C,  New  Brunswick,  N.  J. 
Walcott,  Chas.  D.,  Washington,  D.  C. 
Wallace,  William,  Ansonla,  Conn. 
Warren,  Cyrus  M.,  Brookline,  Mass. 
Webster,  H.  E.,  Schenectady,  N.  T. 
Whartou,  Joseph,  Philadelphia,  Pa. 
Wheeler,  Orlando  B.,  Detroit,  Mich. 
White,  I.  C,  Morgan  town,  W.  Va. 
Williams,  H.  S.,  Ithaca,  N.  Y. 
Winsor,  Justin,  Cambridge,  Mass. 
Wright,  Geo.  F.,  Oberlin,  Ohio. 
Zeutmaycr,  Joseph,  Philadelphia,  Pa. 

These  were  balloted  for  and  aU  duly  elected. 

The  Peumanknt  Secrrtary  announced  that  the  Standing  Committee 
had  decided  to  publish  the  papers  read  before  the  various  Sections  by 
title  or  abstract,  unless  a  special  recommendation  should  come  from  tbe 
Sections  in  relation  to  particular  papers. 

The  Association  then  adjourned  to  meet  in  Sections. 

Sectiona  A,  B,  C,  JP  and  G  finished  the  papers  before  them,  and  ad- 
journed In  the  afternoon. 

In  the  evening  the  members  of  tbe  Association  with  a  large  number  of 
citizens  of  Montreal  met  in  the  Queen's  Hall  to  hear  the  lectore  on  Tbb 
Temperature  ok  the  Deep  Sea,  by  Dr.  William  B.  Carpenter  of 
London.  President  Dawson  was  in  the  chair,  and  the  officers  of  the  As- 
sociation with  distinguished  guests  occupied  the  platform. 

The  President  briefly  introduced  the  lecturer,  who  on  coming  forward 
was  greeted  with  applause. 

Dr.  Carpenter,  after  some  Introductory  remarks,  said  that  the  North 
Polar  region  was  probably  sea  and  covered  with  ice;  while  the  South 
Polar  region  was  probably  land,  or  rather  a  group  of  islands  covered  with 
an  Ice-sheet  extending  out  to  sea  and  forming  the  great  Antarctic  barrier. 
If  the  whole  area  of  the  globe  was  divided  Into  fifteen  parts,  it  would  be 
found  that  the  land-surface  covered  only  four,  while  the  sea-surface  cov- 
ered eleven ;  or  in  other  words  the  Land-surface  was  to  the  Sea-surface 
as  four  to  eleven.  But  the  proportion  is  very  different  when  the  mass  of 
the  water  below  the  sea-level  is  compared  with  the  mass  of  the  land  above 
it.  If  the  whole  land  were  levelled  down  to  a  uniform  height,  it  would 
barely  rise  on  an  average  a  thousand  feet  above  the  sea-level.  Tbe  average 
depth  of  the  great  ocean  basins  was  however  some  12,000  or  13,000  feet 
Working  out  these  figures,  it  would  be  found  that  the  mass  of  the  Laud 
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was  to  the  inaAS  of  the  Sea  as  1  to  86 ;  or,  in  other  words,  the  mass  of  the 
Sea  beneath  the  sea-level  was  86  times  as  much  as  the  mass  of  the  Land 
above  the  sea-level.  Until  very  recent  times,  the  speaker  said,  much  diffl- 
culty  had  been  experienced  In  ascertaining  the  temperature  of  this  deep 
sea  mass.  Many  observations  had  been  made  of  bottom-temperature ; 
but  these  were  mainly  local,  and  in  many  cases  fallacious  on  account  of 
the  instruments  employed.  It  has  been  found  that  at  the  enormous  pres- 
sure to  which  they  are  subjected,  the  bulbs  of  the  thermometers  are  com- 
pressed, and  the  mercury  forced  up  into  the  tube;  incorrect  results  being 
thus  obtained.  In  1808  he  obtained  from  the  British  Admiralty  the  use 
of  a  vessel  for  carrying  down  dredging  explorations  to  a  greater  depth 
than  had  been  previously  attempted ;  and  being  provided  with  the  best 
deep-sea  thermometers  then  made,  he  chanced,  in  using  them,  to  stumble 
opon  a  most  remarkable  fact.  A  course  had  been  shaped  for  the  deepest 
water  to  be  found  near  Great  Britain ;  and  a  depth  of  more  than  500 
lathoms,  or  8,000  feet,  was  obtained  near  the  Faroe  Islands.  The 
thermometers  >vere  let  down;  and  to  his  great  surprise  it  was  found 
that  they  fell  to  below  82  degrees.  The  doctrine  among  Physical  Geog- 
raphers at  that  time,  was  that  the  universal  deep  sea-temperature  was 
about  39  degrees,  which  they  considered  to  l)o  the  greatest  density  of 
sea  water.  At  the  same  depth,  within  twenty  miles  of  the  same  spot,  a 
temperature  of  45  degrees,  13  degrees  higher,  was  found.  This  strange 
result  escited  his  interest,  as  he  considered  that  it  had  a  most  important 
bearing  on  fundamental  questions  of  Physical  Geography  and  Geology. 
He  brought  his  results  home,  and  urged  upon  the  Admiralty  the  impor- 
tance of  ascertaining  what  effect  different  pressures  would  have  upon  the 
best-constructed  thermometers.  This  was  ascertained  by  the  hydrostatic 
press;  and  it  was  found  that  at  the  pressure  of  three  tons  on  the  square 
Inch  (which  was  what  their  bulbs  would  have  to  sustain  at  a  depth  of 
aboQt  2,400  fathoms)  the  thermometers  went  up  from  10  to  20  degrees, — 
showing  tiie  fallacy  of  all  past  observations  on  deep-sea  temperature, 
naif  a  ton  pressure  was  found  to  scud  the  instrument  up  some  2i^  degrees; 
and  from  tliis  lie  concluded  that  the  temperature  of  82  degrees  which 
they  had  found  was  in  reality  29^°.  The  next  thing  was  to  devise  means 
by  wliich  this  pressure  on  the  thermometer  could  be  obviated.  This  was 
done,  at  the  suggestion  of  the  late  Prof.  \V.  A.  Miller,  by  simply  enclosing 
the  bulb  of  tlie  thermometer  in  another  bulb  with  some  fluid  between,  but 
also  including  a  vacuum ;  so  that  a  slight  reduction  in  the  capacity  of  the 
outer  bulb  did  not  affect  the  real  thermometer  bulb.  In  all  further  ob- 
servations these  instruments  were  used,  and  gave  the  true  temperatures. 
The  result  of  these  observations  was,  that  the  doctrine  that  89  degrees 
was  the  general  temperature  of  the  deep  sea  was  shown  to  be  a  fallacy ;  and 
it  proved  to  have  been  propounded  in  ignorance  of  the  fact  long  previ- 
ously determined  by  tlie  careftil  experiments  of  Despretz,  that  »ca-water 
(unlike  fresh  water)  continues  to  contract  in  cooling,  down  to  its  freez- 
ing-point at  or  under  28°  Fahr.  He  was  so  much  struck  with  his  experi- 
ence in  the  Faroe  Channel,  that  he  soon  afterwards  obtained  another 
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Steamer,  aud  took  observations  with  the  new  thermometers ;  when  tke 
real  temperature  of  the  cold  area  was  found  to  be  29^  degrees,  as  they  bad 
expected.  The  t>ottom  temperature  of  the  North  Atlantic,  on  the  other 
hand  was  uuiforrolj  So^  Fahr.  The  cause  of  this  was,  that  while  tho 
Faroe  channel  is  an  extension  of  the  Arctic  basin,  the  coldest  Polar  water 
cannot  find  its  way  into  the  basin  of  the  North  Atlantic,  beiuj^c  ^^P^  hack 
by  ridges  extending  across  the  channels  between  Greenland  and  Iceland, 
aud  between  Iceland  and  the  Faroes. — The  observations  were  carried  down 
through  the  Bay  of  Biscay  iu  1870,  and  into  the  Mediterranean  Sea.  From 
all  these  observations  the  Important  conclusion  was  drawn,  that  the  bot- 
tom-temperature of  the  deep  sea  is  not  determined  by  the  latitude,  but  by 
the  freedom  of  communication  with  either  of  the  great  Polar  areas,  per- 
mitting a  vast  underflow  of  Polar  water  towards  the  Equator,  with  a 
corresponding  slow  movement  of  the  upper  stratum  from  the  Equator 
toward  tlie  Poles. 

The  lecturer  then  referred  briefly  to  the  subject  of  the  Gulf  Stream. 
This  subject,  he  said,  possesses  much  interest  to  persons  on  either  side  of 
the  Atlantic.  An  enthusiastic  American  had  asserted  that  America,  by 
cutting  a  cliannel  through  the  Isthmus  of  Pauama,  could  entirely  divert 
the  Gulf  Stream,  and  turn  Great  Britain  into  a  howling  wilderness. 
(Laughter.)  The  speaker  dssured  the  audience  that  this  was  no  Joke  of 
his  own,  but  had  actually  l)cen  propounded.  But  he  thought  he  could 
show  that  there  was  not  much  truth  in  such  a  statement;  aud  proceeded 
to  explain  wliat  (iu  his  view)  the  Gulf  Stream  does,  aud  what  it  does  not. 
The  temperature  of  Great  Britain  is  affected  by  a  surface-flow  of  warm 
water  flowing  in  a  northeasterly  directlou.  This  serves  to  keep  open  all 
the  harbors  of  Norway  the  most  part  of  the  winter,  and  was  certainly  of 
the  greatest  importance.  Now,  all  marine  surve3'ors  had  come  to  the  con- 
clusion tliat  the  Gulf  Stream  dies  out  as  a  current  In  the  middle  of  the 
Atlantic ;  and  that  the  remaining  flow  is  mere  surface-drift  prodnced  by 
the  prevalence  of  southwesterly  winds,  which  carries  it  northeast.  It  is 
demonstrable  that  in  this  passage  any  stratum  of  only  100  fathoms  thick- 
ness (and  tlie  spread-out  Gulf  Stream  current  cannot  certainly  be  deeper 
than  this)  would  soon  take  the  temperature  of  the  air  above  it,  so  as  to 
lose  its  special  heating  power.  But  the  Challenger  temperature-sections 
have  shown  that  the  Gulf  Stream  carries  into  mid- Atlantic  an  enormous 
body  of  warm  water;  which,  in  virtue  of  the  higlicr  specific  gravity  it 
derives  from  concentration,  there  sinks  down,  displacing  colder  water 
aud  thus  makes  the  mid-Atlantic  a  storehouse  of  heat.  The  question 
then  arises,  How  does  this  water  get  further?  The  speaker  explained 
that  this  warm  water  is  carried  northeast  by  the  general  oceanic  circu- 
lation, which  brings  to  tiie  British  and  Norwegian  shores  a  stratum  of 
warm  water  600  fathoms  deep,  deposited  as  it  were  for  their  use  in  the 
mid-Atlantic.  If  they  had  not  this  General  Circulation,  the  Gulf  Stream 
would  never  come  near  their  shores.  If  they  had  not  the  Gulf  Stream, 
tlie  General  Circulation  would  do  much  less  towards  their  warmth.— Tlie 
speaker  iilustrutcd  his  remarks  by  numerous  interesting  diagrams. 
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At  the  close  of  the  lecture,  on  motion  of  Professor  James  Hall,  a  hearty 
vote  of  thanks  was  tendered  to  Dr.  Carpenter. 

Afterwards  a  reception  was  given  to  the  members  of  the  Association  by 
Hr.  and  Mrs.  M.  H.  Gault,  in  their  beautifal  grounds,  which  were  briU 
lianily  illuminated  with  Chinese  lanterns,  and  handsomely  decorated  for 
the  occasion.  During  the  evening  an  admirable  selection  of  music  was 
rendered  by  Grucnwald*s  orchestra. 

An  "at  home'*  was  also  given  at  the  same  time  by  Hon.  Justice  and  Mrs. 
Magkat. 

Wednesday,  August  30. 

The  Association  at  10  A.  M.  met  in  General  Session  iuMolson  Hall,  Presi- 
dent Dawson  in  the  chair. 

The  General  Secretary  read  the  names  of  ten  persons  recommended 
by  the  Standing  Committee  for  membership,  all  of  whom  were  elected. 
This  makes  three  hundred  and  twenty-five  new  members  elected  since 
the  opening  of  the  meeting  in  Montreal. 

The  Standing  Committer  recommended  the  granting  of  the  request  from 
Section  C,  asking  for  a  Committee  to  petition  the  Agricultural  Depart- 
ment of  the  United  States  or  Canada  to  print  the  paper  on  "  Sources  of 
nitrogen  in  the  soil "  by  Messrs.  Lawes  and  Gilbert,  and  the  following 
Committee  was  appointed :  George  B.  Loring,  William  Saundkrb, 
C.  V.  Riley,  E.  B.  Elliott  and  O.  T.  Mason. 

The  Standing  Commtiter  recommended  the  following  amendment  to 
Article  vii  of  the  Constitution. 

'*  The  Standing  Committee  shall  also  have  power  to  exclude  froni  the 
Association  any  member  or  fellow  on  satisfactory  evidence  that  said 
member  or  fellow  is  an  improper  person  to  be  connected  with  the  Asso- 
ciation, or  has  In  their  estimation  made  improper  use  of  his  membership 
or  fellowship." 

The  consideration  of  this  proposed. amendment  will  take  place  at  the 
next  meeting. 

Mr.  Elijott,  Vice  President  of  the  Section  of  Economic  Science  and 
Statistics,  presented  the  following  report  with  the  sanction  of  the  Stand- 
ing Committee : 

**The  Sectional  Committee  of  the  Section  of  Economic  Science  and 
Statistics,  Iiave  considered  the  papers  referred  to  them  having  reference 
to  the  Standard  of  Time,  and  recommend : 

<'  First,  That  the  Association  should  express  its  gratification  at  the  pas- 
sage of  the  Joint  resolution  by  the  Congress  of  the  United  States,  author- 
izing the  President  of  the  United  States  to  call  an  international  conference 
to  fix  on  and  recommend  for  universal  adoption  a  common  prime  me- 
ridian, to  be  used  in  the  reckoning  of  longitude  and  the  regulation  of 
time  throughout  the  world. 

"Second,  They  ftirther  recommend  the  appointment  by  the  Association 
of  a  Committee  to  confer  in  such  a  manner  as  it  may  seem  best  with  the 
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Convention  named  In  the  resolution  of  Congress,  and  also  to  represent 
this  Association,  as  its  delegates,  in  any  other  convention  that  may  be 
called  to  consider  the  subject  of  the  standard  of  time. 

"  It  Is  understood  that  the  important  legislation  on  the  part  of  Congress 
Is  due  in  no  small  measure  to  the  earnest  and  well  directed  efforts  of  the 
American  Meteorological  Society  and  of  the  American  Society  of  Civil 
Engineers.  A  communication  from  Mr.  Sandford  Fleming,  representing 
the  American  Society  of  Civil  Engineers,  has  been  received  by  this  Sec- 
tional Committee,  and  will  be  referred  to  the  Committee  which  may  be 
appointed. 

**  The  following  Committee  on  a  primary  meridian  and  an  international  | 

standard  of  time  is  respectfully  suggested,  viz. :  F.  A.  P.  Barnard,  New 
Tork;  C.  A.  Young,  Princeton;  T.  Steruy  Hunt,  Montreal;  J.  K.  East-  , 

MAX,  Washington;  Ciiaui.es  Carpmael,  Toronto,  and  E.  B.  Elxjott, 
Washington. 

The  report  was  accepted  and  tlie  designated  committee  appointed.  | 

Tlie  Pkrmanent  Secretary  then  read  the  list  of  the  ofllccrs  proposed  | 

by  the  Nominating  Committee  for  the  next  year,  as  follows : 

President  — C.  A.  YouNG  of  Princeton,  N.  J. 

Vice  Presidents  —  Section  A  —  W.  A.  Rogrus,  Cambridge,  Mass. ;  B  — 
H.  A.  Rowland,  Baltimore,  Md. ;  C  —  Edward  W.  Mokley,  Cleveland, 
O. ;  D — I)e  Volson  Wood,  Hoboken,  N.  J.;  E  — C.  H.  niTciicx>cK, 
Hanover,  N.  H. ;  F  —  W.  J.  Beai.e,  Lansing,  Mich.;  G  —  J.  D.  Cox,  Cin- 
cinnati, O. ;  II  — O.  T.  Mason,  Washington,  D.  C. ;  I  — F.  B.  HouGii, 
Lowville,  N.  Y. 

General  Secretary  —  J.  R.  Eastman  of  Washington,  D.  C. 

Assistant  General  Secretary  —  Alfred  Springer  of  Cnicinnati,  Ohio. 

Secretaries  of  the  Sections  —  Section  A  —  W.  W.  Johnson,  Annapolis, 
Md. ;  B  —  C.  K.  Wead,  Ann  Arbor,  Mich.;  C  — J.  W.  Langley,  Ann 
Arbor,  Mich.;  D  —  A.  J.  Dubois,  New  Haven,  Conn.;  E  —  Ai^xrs  A. 
Julien,  New  York,  N.  Y. ;  F—  S.  A.  Forbes,  Normal,  III.;  G  —  Carl 
Seiler,  Philadelphia,  Pa.;  H  —  G.  H.  Perkins,  Burlington,  Vt;  I  —  Jo- 
seph CuMMiNGS,  Evanston,  111. 

Treasurer  — Wm.  Lilly  of  Mauch  Chunk,  Pa. 

The  whole  list  was  elected  amidst  considerable  enthusiasm. 

Pr.  T.  Sterry  Hunt  made  a  statement  in  reference  to  the  International 
Geological  Committee,  of  which  Professors  Hall,  Selwyn,  Lesley,  and 
himself  had  been  appointed  representatives  from  North  Americu.  Sev- 
eral months  ago  a  report  was  prepared  by  them.  The  work  was  not  yet 
completed,  and,  on  the  recommendation  of  the  Standing  Commtttek,  he 
moved  that  the  Committee  be  continued.  The  motion  was  seconded  by 
Professor  Hall,  and  the  Committee  was  continued. 

The  Permanent  Secretary  made  a  number  of  announcements,  and  the 
President  gave  some  particulars  regarding  the  excursions  for  the  di^. 
The  Session  then  adjourned  to  meet  in  Sections. 
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Sections  S,  H,  and  I  finished  their  work,  and  finally  adjourned  at  the 
close  of  the  morning  session. 

In  the  afternoon  the  members  were  taken  on  an  excursion  around  the 
harbor  to  the  Victoria  Bridge  and  to  the  Grand  Trunk  workshop,  return- 
ing soon  after  six  o'clock,  well  pleased  with  their  trip. 

At  8.30  p.  M.  the  concluding  General  Session  was  held  In  the  William 
Molson  Hill,  when  there  was  a  large  attendance  of  the  members  of  the 
Association  and  the  citizens  of  Montreal. 

President  Dawson  said  they  had  now  arrived  at  the  closing  exercises  of 
the  meeting,  and  that  he  wonld  call  upon  the  Permanent  Secretary,  Pro- 
fessor  Putnam,  to  make  some  remarks  with  reference  to  his  latest  work, 
the  programme  of  the  Association. 

In  reply,  the  Permanent  Secretary  stated  that  this  was  the  largest 
meeting  the  Association  had  ever  held,  with  the  exception  of  that  at  Bos- 
ton two  years  ago,  when  sixty  more  names  were  entered  on  the  register. 
Daring  the  present  meeting  937  names  were  recorded  on  the  Association 
register.  Of  these,  20  were  invited  guests  and  their  ladies,  from  England, 
Ireland,  Hungary,  Austria,  France  and  Bussla ;  579  members  and  338  rep- 
resentatives of  families  of  members  were  in  attendance  from  the  following 
places :  Montreal,  90,  other  parts  of  the  Dominion  of  Canada,  44;  New 
York,  199;  Massachusetts,  158;  Ohio,  74;  District  of  Columbia,  60; 
Pennsylvania,  43;  New  Jersey,  38;  Connecticut,  30;  Illinois,  22;  Mis- 
souri, 22;  Michigan,  18;  Vermont,  16;  Mar}'land,  15;  Rhode  Island,  14; 
Maine,  13;  New  Hampshire,  12;  Indiana,  10;  Florida,  5;  South  Caro- 
lina, 4;  Virginia,  4;  Colorado,  3;  Minnesota,  3;  Nebraska,  3;  California, 
2;  Tennessee,  2;  Mississippi,  2;  North  Carolina,  2;  Louisiana,  2;  Wis- 
consin, 2;  and  Alabama,  Keutucky,  West  Virginia,  Kansas  and  Iowa,  one 
each;  total,  937.  Three  hundred  and  twenty-live  new  members  had  been 
elected  besides  tlie  membci*s  of  the  Local  Committee  who  wished  to 
accept  membership  In  the  Association.  Two  hundred  and  fifty-four  papers 
had  been  sent  in,  which,  with  the  exception  of  twelve,  had  been  called  up  in 
the  nine  sections,  that  had  been  in  session  during  the  greater  part  of 
the  week,  and  nine  addresses  and  two  lectures  had  been  delivered. 

The  following  resolutions  were  passed  unanimously : 

Prof.  E.  D.  CoPK,  of  Philadelphia,  moved  the  following  resolution : — 

That  the  Local  .Committee  of  the  Association  have  won  our  heartfelt 
esteem  for  the  admirable  efficiency  with  which  they  have  planned  and  car- 
ried out  the  arrangements  for  our  comfort.  Especial  mention  should  be 
made  of  the  beautiful  and  complete  *^  Handbook  to  the  City  of  Montreal," 
prepared  for  the  occasion  by  Mr.  S.  E.  Dawson,  which  has  been  a  con- 
stant guide  to  us  all;  of  the  lal)ors  of  the  liailway  Committee,  Lodging 
Committee,  the  Excursion  Committee,  the  Finance  Committee,  the  Print- 
ing Committee,  and  the  Reception  Committee. 

In  moving  this  resolution,  Professor  Cope  enumerated  the  different 
duties  performed  by  the  various  committees,  and  expressed  the  hope  that 
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they  had  recclred  some  retarn  for  the  great  sacrifice  which  they  had  been 
called  upon  to  make. 

Dr.  E.  B.  Eluott,  of  Washington,  moved  the  following: — 

That  tlic  American  Association  for  the  Advancement  of  Science,  deeply 
sensible  of  the  kindness  which  they  have  received  iu  Montreal,  hereby 
declare  their  thanks  to  the  hotels,  the  Diocesan  Theological  College  and 
private  citizens  for  hospitality,  and  to  the  ladies  for  the  elegant  garden 
parties  and  other  courtesies  extended  to  the  members  and  their  families. 
>  In  moving  this  resolution  Dr.  Elliott  said  he  wished  that  he  felt  able 
to  move  it  in  a  fitting  manner.  His  duties  as  Vice  President  of  one  of 
the  Sections  had  occupied  the  most  of  his  time,  and  he  had  not  had  much 
leisure  to  take  advantage  of  many  of  these  entertainments.  He  referred 
to  the  hospitality  extended  to  the  members  of  the  Association  in  this  city 
twenty-five  years  ago,  which  he  had  no  doubt  was  prompted  by  their  loire 
of  science,  and  said  he  felt  that  the  newspapers  of  Montreal  were  edu- 
cating the  people  to  a  high  standard  in  this  direction,  and  their  example 
might  be  profitably  followed  even  by  some  of  the  prominent  newspapers 
of  the  United  States.  He  concluded  by  referring  to  the  very  large  acces- 
sion of  members  which  the  Associatiou  had  received  at  this  meeting. 

Professor  Cox  moved  the  following  resolution : — 

That  the  American  Association  hereby  extends  its  heartfelt  thanks  to 
the  Corporation  and  Faculty  of  the  McGIU  University,  of  the  Presbyterian 
Theological  College,  and  the  Society  of  Katural  History,  for  commodioos 
quarters  during  the  meeting,  and  for  the  consideration  with  which  every 
want  has  been  anticipated  and  gratified. 

In  offering  this  resolution  Professor  Cox  said  he  considered  that  it 
would  be  fully  sustained  by  all  the  members.  They  had  seldom  been  pro- 
vided with  more  extensive,  commodious  or  convenient  rooms,  and  he  wns 
sure  they  would  long  remember  the  edifices  of  this  University,  its  splen- 
did library,  museum  and  beautiful  grounds. 

Prof.  William  Saundkbs,  of  Loudon,  Ont.,  moved  the  following:— 

That  the  thanks  of  the  American  Association  are  due  and  are  most 
heartily  tendered  to  the  numerous  railways  of  the  United  States  and  the 
Dominion,  and  to  the  several  steamship  companies,  for  their  courtesy  la 

I  afibrding  members  excellent  facilities  for  attendance  at  this  meeting.  We 

especially  acknowledge  our  obligations  to  the  Grand  Trunk  Railway  Com- 
pany for  the  excursion  to  Lachine,  and  for  the  freedom  of  that  monument 
of  engineering  skill,  the  Victoria  Bridge.  We  also  thank  the  Harbor 
Commissioners  for  the  excursion  of  to-day. 

i  Prof.   Saunders  in  his  remarks  said  that  the  subject  of  transportation 

was  in  one  sense  a  dull  one,  and  had  nothing  very  transporting  about  It 
The  Companies  had  so  carefully  conducted  their  arrangements  that  the 
baggage  as  well  as  the  persons  of  members  had  been  well  cared  for. 
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i  the  rollowlDg  resolution : — 
I  of  this  Association  are  due  nnd  tendered  to  tlie 
:  Companies  for  their  great  liberality  in  cxtenij- 
wlrea  to  the   members  and   fellows  durlDg  the 

ion,  Pror.  Lbeds  said  he  did  so  with  a  Tull  sense  of 
were  under  lo  these  companies  for  tlic  aid  they 
isBociutlon  for  the  Advancement  of  Science  he 
in  tbcir  turn  owed  them  something,  ns  It  )iad 
'Icltj,  and  one  of  its  members  shsrcd  with  Morae 
rery  of  the  electric  telegraph, —  Joseph  Henry. 
Lhat  time  the  Association  had  given  much  thought 
if  clrctrlcily,  as  evinced  by  the  valuable  contrl- 
other  grc.1t  electricians,  and  the  recent  valuable 
[raham  Bell.  He,  therefore,  tliougiit  tliey  could 
ranted  by  the  companies  were  In  one  Ecnse  a  due 

larked  that  for  two  months  previous  to  the  meet- 
ny  bod  given  free  transmission  of  messages  to 
'y  of  the  Local  Committee  In  Montreal. 

of  Montreal,  moved : 

.be  Association  and  their  families  will  ever  hold 
the  generosity  of  the  Rlcbclleu  &  Ontario  NttTl- 
:be  North  Shore  Hallway  for  the  deilghtrtil  cxcor- 
e  Mayor,  Local  Committee  and  citizens  of  that 
^r  the  harbor  excursion  ond  Ihc  bounteous  colla- 
oyment  of  their  guests. 

I  the  incidents  of  the  trip  and  the  pleasure  en- 
attended  the  visit  to  DufTerln  Terrace,  to  the 
Jnlverslty,  the  Harbor,  etc.  He  coi>sidei'eil  lliat 
bo  excursion  would  need  have  nothing  said  to 
tort  the  i-esolntlon.  He  called  upon  Dr.  Hingb- 
Conveyance  Committee,  to  add  a.  few  words  of 
d  steamboat  aulhorlties. 

1  few  remarks.  In  the  course  of  which  he  said 
Hunt  nnd  himself  were  surviving  members  of 
vho  entertained  the  Association  In  this  city 
[f  Dnrwln  or  auy  of  his  disciples  were  present  lie 
:her  Illustration  of  the  survival  of  the  fittest. 
sed  their  thanks  to  the  railway  autlioillles  for  the 
^y  had  responded  to  their  appeals,  and  did  every- 
idd  to  the  comfort  and  conveuleuce  of  the  mem- 

lAwsoN,  remarked  that  the  members  of  the  Asso- 
idebted  to  the  citizens  of  Quebec  for  the  aid  tbey 
9  meeting  hu  agreeable  one. 
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Dr.  John  Rae  moved  the  following  resolution  :— 

That  the  thanks  of  the  Association  are  most  cordially  tendered  to  the 
Canadian  Pacific  Railway  for  the  special  train  to  Ottawa,  and  to  the 
Mayor,  Local  Committee  and  citizens  of  Ottawa,  for  the  delightfal  view 
of  the  natural  beauties,  industries  and  public  buildings  of  the  place,  for 
their  elegant  repast  and  for  their  kind  words  they  were  pleased  to  bestow 
upon  the  Association. 

Dr.  Rae  said  that  all  those  who  went  to  Ottawa  and  saw  its  beautifbl 
buildings  would  agree  with  him  that  it  was  one  of  the  most  charming 
days  they  spent.  He  spoke  of  the  beauty  of  the  Parliament  buildings,  and 
the  universal  admiration  with  which  they  were  regarded. 

Prof.  James  Hall,  In  supporting  the  motion,  said  that  no  one  who  had 
seen  the  library  of  Parliament  at  Ottawa  could  fail  to  express  their  admi- 
ration. It  had  no  equal  in  the  United  States.  The  Museum  at  Ot- 
tawa was  also  a  valuable  institution,  and  it  must  always  be  the  resort 
of  scientific  men.  For  this  reason  they  should  foster  It.  He,  the  speaker, 
had  advocated  the  holding  of  the  first  meeting  of  the  Association  at  Mon- 
treal twenty- five  years  ago,  and  had  been  largely  Instrumental  In  having 
it  held  here.  He  bad  many  pleasant  reminiscences  of  that  meeting,  and 
would  always  remember  Montreal. 

The  Rev.  Dr.  Hovey  moved  the  following : 

That  the  thanks  of  the  American  Association  are  due  to  the  gentlemen 
of  the  local  press,  and  the  agents  of  papers  in  other  cities,  for  the  untir- 
ing pains  which  they  have  taken  In  reporting  the  proceedings  of  the  Mod- 
treal  meeting. 

In  moving  this  resolution,  Dr.  Ho  vet  said  If  it  were  not  for  the  gen- 
tlemen of  the  press  the  deliberations  of  the  members  woold  not  be  so  widely 
known  as  they  are.  He  enumerated  the  various  city  papers  to  which  they 
were  Indebted,  as  well  as  those  of  Boston,  New  York  and  Chicago,  and 
also  added  that  the  proceedings  of  the  Montreal  meeting  were,  he  consid- 
ered, better  reported  than  any  previous  one. 

Dr.  Hauohton  of  Dublin  offered  the  following : 

The  American  Association  is  especially  honored  at  this  Montreal  meet- 
ing by  the  presence  of  so  large  a  number  of  eminent  visitors  from  abroad, 
thereby  conferring  an  International  character  upon  this  assemblage  on 
Canadian  soli. 

He  said  that  a  task  had  been  assigned  to  him  which  no  one  but  an  Irish- 
man could  perform.  He  had  been  required  to  propose  a  vote  of  thanks  to 
himself  and  then  respond  to  It.  (Laughter.)  After  returning  thanks  on 
behalf  of  the  visitors  for  the  courtesies  extended  to  them  by  the  Associa- 
tion, he  said  the  only  way  In  which  he  could  express  his  opinion  of  the 
hospitality  of  which  they  had  been  the  recipients,  was  by  saying  that  If  his 
mother  had  not  been  an  Irishwoman  he  could  have  wished  she  had  been  a 
Canadian.    [Applause.] 
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th  a  fen  humorous  remarks,  moved : 
be  returned  to  the  Southeastern  Railway  Com- 
id  excursion  to  Newport  anO  Luke  Mumphrema- 


c  Association  be  given  to  the  officers  of  McOIII 
Institute,  Art  Assoclalion,  Natural  Bistorj  So- 
ld Amateur  Athletic  Association,  Numlsmatlo 
irlstlun  Association,  and  the  Merchants' Exctiauga 
to  members  of  the  Association. 
Atig  it,  spoke  in  Ltsli  terms  of  Uie  Art  Gallery 
duaeuro,  nod  the  high  educalloual  value  of  such 
]ship  of  the  community  at  large. 

>f  the   several   resolutions.  President   Dawson 

i  to  a  close  with  some  observations  In  regard  to 
Ingjust  brought  to  a  termination.  It  was  very 
now  that  this  has  been  one  of  the  most  suec ess fut 
ition,  not  only  in  regard  to  attendance,  but  In  rc- 
d  and  the  ])rnctlc:il  benefits  which  might  be  cx- 
sptd  all  would  carry  aw.iy  something  which  would 
:ttcr.  He  also  hoped  that  they  would  carry  oway 
lohca  and  a  stimulus  and  encouragement  which 
Iter  achievements  in  the  future, 
lamed  to  meet  ut  Minneapolis  ou  the  third  Wed- 

On  TirtntaDAT  Monuiso 

r  hundred,  composed  of  members  and  Ihclr  ladles, 
the  liberality  of  the  SoimiEASTEHN  Railway  and 
nentary  excursion  to  the  little  town  of  Newport 
!  Memphremagog.  The  weather  was  propitious 
leir  destination  at  I2.S0,  where  alter  partahiiig  of 
r  embarked  on  the  steamer  "  Ludy  of  the  Lake," 
nt  sail  of  abont  seventeen  miles  up,  passing  many 
einruing  to  Newport  lu  time  to  take  the  6.15  ti'aia 
aemhers  flually  separated. 

Wm.  Saunders, 

Oeneral  Steretarjf. 
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REPOET  OF  THE  PERMANENT  SECRETARY. 

By  holding  n  meetins:  for  the  second  t!me  beyond  the  limits  of  the 
United  States,  the  Association  has  shown  that  its  name  of  American  is  to 
be  received  in  the  widest  sense. 

A  quarter  of  a  century  ai;o  its  eleventh  meeting;;  was  held  In  Montreal, 
and  ufrnin  it  was  welcomed  to  the  city  for  its  tlilrty-flrst.  In  1857  there 
were  S.ll  names  entered  on  the  reiiistcr  of  persons  in  attendance,  and 
about  250  new  members  were  elected;  in  1882  there  were  937  names  reg- 
istered and  over  800  new  members  were  electt^d.  In  1857,  lid  papers 
were  rend  l>efore  two  sections  and  one  subsection,  the  regular  presiden- 
tial address  and  two  memorial  addresses  were  delivered;  in  1882,242 
l»apcrs  were  presented  I)er()re  nine  sections,  and  in  addition  to  the  presi- 
dential address  there  were  seven  "by  vice-presidents,  also  one  special 
address  and  two  evening  lectures.  In  the  volanie  of  the  proccedin«rs 
relating  to  the  eleventh  meeting  there  are  ^iven  the  names  of  946  mem- 
bers; in  the  present  volume  there  are  1922.  These  few  comparative 
statements  show  tlie  growth  of  the  Association  in  twenty-five  years,  and 
in  this  connection  It  must  be  rememi)ered  that  during  the  civil  war  the 
meetings  were  suspended  for  five  j-eara. 

•  Of  tiie  255  papers  entered  on  tiie  list  of  titles  received,  one  came  after 
section  D,  to  whicli  it  l)elonged,  had  adjourned;  three  were  withdrawn 
by  tlieir  authors,  aud  eiglit  were  declined  for  various  reasons.  The  paper 
by  Mr.  Mechan  was  given  as  an  address  before  the  biological  section  iu 
accordance  with  tlie  vote  of  the  former  section  B  at  the  Cincinnati  meet- 
ing, and  Mr.  Ilov^ey's  paper  on  cave  scenery  was  delivered  in  the  theatre 
of  the  Kedpath  Museum  on  the  evenins:  of  the  formal  opening  of  the  Mu- 
seum. Of  the  remaining  241  papers,  18  were  referred  to  section  A,  37  to 
B,  29  to  C,  9  to  D,  45  to  B,  40  to  F,  10  to  G,  82  to  H,  and  15  to  I. 

The  present  volume  contains  the  address  delivered  by  Professor  Hall,  as 
retiring  president  of  the  Montreal  meeting  of  1857,  now  for  the  first  time 
printed.  The  presidential  address  of  Prof.  Brush,  and  those  of  seven 
vice-presidents,  tlic  special  address  of  Mr.  Meehan,  an  abstract  of  Dr. 
Carpenter's  lecture,  and  124  papers  cither  in  full  or  by  more  or  less  ex- 
tended abstracts  as  follows:  Section  A,  10;  B,  13;  C,  14;  D,  7;  E,  25; 
F,  25;  G,  10;  II,  10;  I,  4.  One  hundred  and  seventeen  other  papers  arc 
mentioned  by  title  simply,  either  from  their  authors  failing  to  send  ab- 
stracts for  publications,  or,  in  a  few  instances,  in  accordance  with  the 
votes  of  the  standing  committee  that  they  should  so  appear.  The  delay 
In  printing  the  volume  has  been  due  to  a  combination  of  causes  for  which 
neither  the  secretary  nor  the  printers  are  responsible. 

Of  the  87  members  elected  fellows  during  the  meeting,  one  has  re- 
signed his  membership,  one  has  declined,  four  have  not  yet  answered  the 
notices  sent  them,  and  81  have  accepted. 

Of  the  new  members  elected,  fifteen  were  invited  foreign  guests,  twen- 
ty-two have  declined,  forty-eight  have  not  yet  been  heard  from,  and  288 
have  paid  In  full,  and  their  names  arc  entered  on  the  roll. 

Seven  members  and  fellows  have  become  life-members  since  the  report 
given  in  the  Cincinnati  volume. 

For  a  statement  relative  to  the  937  members  and  others  registered  at 
the  mectlnir,  I  refer  to  the  paragraph  on  page  035  of  this  volume. 

Two  thousand  and  fifteen  copies  of  the  Cincinnati  volume  of  proceed- 
ings were  received  from  the  printers,  and  1497  were  sent  to  members 
entitled  to  receive  them,  23  have  been  sold,  and  177  distributed  in  accord- 
ance with  votes  of  the  Standing  Committee.  Of  the  preceding  volumes, 
77  have  been  sent  to  members  entitled  to  them,  61  sold,  and  19  have  been 
distributed  by  vote  of  the  Standing  Committee.  Four  of  the  early  vol- 
umes have  beeu  purchased  and  two  have  been  received  as  a  gift. 
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ivos  reprinted  ood  stereotyped  during  the  jear, 
of  GeDcral  Lilly,  and  233  copies  were  received 
St.  Louis  volnme  nil!  be  reprinted  daring  tbe 
ral  girt  of  A  member.  After  this  Is  done  there 
ml  taUDilred  dollara  wbicti  will  be  reserved  for 
>lume  (Ls  eoou  on  the  required  nmount  Is  secured. 
in  the  Clnclnnnd  volume,  under  date  of  April  28, 
f  ffJ  members  iinri  fellows  have  been  received, 
ast- presidents,  Inclodlns  the  only  Honorary  Fel- 
tbo  former  Treasurer,  a  former  General  Secreta- 
nbcTS.     Of  these  Iho  nnmes  of  Ihlrty-two  were 

recorded  on  pa^es  GlS-19  of  this  volume. 
7d  the  nanies  of  G7  members  and  fello^vs  hnve 

In  consequence  of  rexlgnatlons  or  from  tlielr 
>rreitrs  In  ttieir  as  sens  me  tits.  In  the  same  time 
red  to  tlie  list.  Seven  members  elected  at  Cln- 
rlDg  the  past  year,  in  addition  to  the  B19  men* 

imbers  and  fellows  at  the  present  date  Is  1920,  a 

list  1TBS  printed  In  the  Cincinnati  volnme. 

receipts  and  espenses  for  the  year  coverln);  'he 

ndlng  jast  previous  to  the  Montreal  meetJog,  I 

on  the  following  pages. 

the  Association  are  as  follows : 

..  to  Atig.  I,  '83.  9i  13,    .    .    .    9S8  SO 

il900  Bi,  Int.  to  Aug.  1,  973  00,   1978  fit 

J2052  4S 

Tor  reprinting  stands  as  follows : 

Scbaffl-anct, 8  00 

I.  H.  Herrman, 100  00 

r.  Bmsh, 20  00 

lism  BrosB, 20  OO 

llam  Lilly,       10  00 

imas  Meehan 6  OO 

irge  Holley 6  00 

lert  Peters, 6  00 

1.  Trowbridge, B  00 

LeContc  Stevens fi  00 

*,  Dewey 6  00 

'ed  Springer S  00 

).  Cox, fi  00 

K  Pcclihani 2  00 

I.  Elllebren 2  00 

V.  Clarke, a  00 

H.  Walmsley, 1  00 

eral  anknowu  contrlbntors,  0  00 

Ham  Lilly 1000  00 

..  L.  Voae 1  00 

:ember, eSO  00 

8  IG 

46  80 

$2113  48 

ireotyping  Nashville  volame,     9^57  94 

.    1255  fi2 

«2I13  ii 

submitted  to  the  Assoclntlon, 

r.  W.  Putnam,  rermanent  Secretary. 
1888. 
u.  41 
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F.  W.  PUTNAM,  PERMANENT  SECRETARY, 
Dr.  Tub  American  Association  fob 

1881-2. 
To   Assessments  previous  to  the  dOtli  Meeting    .    .    $408  00 
**  Cincinnati,  "  "  .     .    3,316  00 

**  Montreal,  31st        "  .    .    1,359  00 

$5,082  00 

Entrance  fees  Boston  Meeting 15  00 

"           "    Cincinnati  "            1,485  00 

**           **    Montreal     "            330  00 

Pcllowship  fees       •  112  00 


Sales  of  Publications  and  Binding 334r  76 

Advertisements  on  covers Ill  00 

Illustrations 3  00 

Postage  1.18 ;  sale  of  old  paper  .55 1  73 

Life  Membership  commutations  (Intr.  6.00)       .  25G  00 

Reprinting  fund,  subscriptions  (Intr.  8.16)  ^      .  212  16 

William  Lilly,  Patron       '.    .  1,000  00 


1,942  00 


45049 


-      1,468  16 
/ 


$8,942  65 
Salem,  Mass.,  August  16,  1882. 

I  have  examined  the  above  account  and  find 
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or  Scis.s'cit.  Cr. 
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to  PosUl  Guide 1  60 
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ilara,  blauka,  cards,  etc.     ...  260  76 

Ire 38  25 

904  15 

rm.  Sec'f.dnelostacct.       ...  778  OJ 

ant  Secretary 400  00 

ment      "          1,000  00      1,400  OC 

Ip  Fund  250.00,  Iiltr.  G.OO    ...  25C  00 

d,  Including  u.OO  reet-ired  In  1880  806  C3 

stereotyping  Vol.  2C  (250  copies)  851  64      1,473  H 

acconnt 808.61 
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SUB-COMMITTEE  ON  FBINTINO  AND  ADVEBTISINO. 

Chairman. —  Mr.  David  Blakklt. 

Mr.  C.  A.  Nimocks,  Gen.  A.  B.  Nettleton,  Hon.  W.  S.  King,  Prof.  C. 
W.  Hall. 

SXTB-OOMMITTEE  ON  TRANSPORTATION  AND  EXCUBSIONS. 

Chairman, —  Thomas  Lowry,  Esq. 

Hon.  W.  D.  Washburn,  Mr.  C.  F.  Hatch,  Mr.  E.  V.  White,  Mr.  John 
Crosby,  Mr.  W.  H.  Hinklc,  Hon.  J.  S.  Pillsbury,  Mr.  Llewellyn  Christian, 
Hon.  J.  B.  Bassett,  Mr.  C.  H.  Prior,  Mr.  A.  H.  Bode,  Mr.  W.  H.  Troes- 
dule,  Col.  William  McCrory. 

SUB-COMMITTEE  ON  AUDITING  ACCOUITTS. 
E.  M.  Loring,  Esq.,  and  Aldermen  E.  Eichhorn  and  F.  L.  Greenleaf. 


PFICERS  EI^CTED 


ILFKCI^   MEETING. 


EO'EMBER  TIIIBD,  1884. 


FBESIDilNT. 
.  Lbslf.y,  or  Philadelphia. 

ICE  FHESIDENTS. 

Astronomy— H.  T.  Eddt  of  CluclnDatl. 

woiiiixiK  or  Cambridge. 

V.  Langlky  of  AUD  Arbor. 

»— R.  H.  TiiUHeTON  of  Hoboken. 

raphy— N.  H.  Wischbu.  of  MiDiieapolls. 

•B  Of  PbilaUelphla. 

iroBCopy— T.  G.  Wobmley  of  PhlUdelptila. 

9.  Moiisit  of  Salem. 

and  Statu tios— John  Eato.i  of  Wasblugtoii. 

lAN-ENT  SEOBETABY. 
W.  Putnam  of  Cambridge. 

■nBBAL  SECBETABT. 
KD  SPUiNacit  of  CiDcinuatl. 

TT  GEITEBAI.  SECBETABT. 
tiiD  S.  HOLPKN  of  MoUisou. 

^BIES  OF  THE  SECTIONS. 

latronomy— G.  W.  Houou  of  Chicago. 

HoiMiKS  of  Sulem. 

IVakder  of  North  Bend. 

36— J,  H(iRKiTr  Webb  of  Ithaca. 

igraphy — Euobn'r  A.  Smith  of  Tuscaloosa. 

lET  of  Anies,  Iowa. 

jrosoopy- RoMYN  Hitchcock  of  New  Tork. 

.  U.  HOLMKa  of  WaalilustoD. 

and  StatlsticB— C.  W.  Suii.by  of  Washington. 

TBEABUBEB. 
ui  LU.LY  of  Usach  Chauk. 

(xlU) 


MPTiraTCRS    OF    THE   STANDING   COMMITTEE 


FOS  THE 


PHILADELPHIA  MEETING. 


Fast  Prestdents.'—JxuES  D.  Dana  of  New  HaTen;  Jambs  Hall  of  Al- 
bany; Isaac  Lba  of  Philadelphia;  F.  A.  P.  Barnard  of  New  York;  J. 
S.  Nkwberry  of  New  York;  B.  A.  Gould  of  Boston;  T.  Sterrt  Hunt 
of  Montreal;  Asa  Gray  of  Cambridge;  Joseph  Lovering  of  Cambridge; 
J.  E.  Hilqard  of  Washington ;  Simon  Newoomb  of  Washington ;  0.  C. 
Marsh  of  New  Haven;  Georob  P.  Barker  of  Philadelphia;  Gkobob 
J.  Brush  of  New  Haven;  J.  W.  Dawson  of  Montreal;  C.  A.  Young 
of  Princeton. 

Vice  PreaidenU  of  the  Last  3£eeling.—W.  A.  Rogers  of  Cambridge;  H. 
A.  Kowland  of  Baltimore;  Edward  W.  Morlet  of  Cleveland;  Di 
Volson  Wood  of  Hoboken;  C.  H.  HiTCHOOcac  of  Hanover;  W.  J.  Bkal 
of  Lansing;  J.  D.  Cox  of  Cincinnati;  O.  T.  Mason  of  Washington; 
F.  B.  Hough  of  LowvUle. 

Officers  of  the  Present  MeeHng.—J.  P.  Lesley  of  Philadelphia;  H.  T. 
Eddy  of  Cincinnati;  John  Trowbridge  of  Cambridge;  John  W. 
Langley  of  Ann  Arbor;  B.  H.  Thurston  of  Hoboken;  N.  H.  Wcf- 
chell  of  Minneapolis;  B.  D.  Cope  of  Philadelphia;  T.  G.  Wobmuet 
of  Philadelphia;  £.  S.  Morse  of  Salem;  John  Eaton  of  Washington; 
F.  w.  Putnam  of  Cambridge;  Alfred  Springer  of  Cincinnati;  £i>- 
WABD  S.  HOLDEN  of  Madlson ;  G.  W.  Hough  of  Chicago;  N.  D.  C. 
Hodges  of  Salem;  R.  B.  Warder  of  North  Bend;  J.  Burkftt  Wbbb 
of  Ithaca;  Eugene  A.  Smith  of  Tuscaloosa;  C.  E.  Bessey  of  Ames; 
RoMYN  Hitchcock  of  New  York;  W.  H.  Holmes  of  Washington; 
C.  W.  Smiley  of  Washington ;  William  Lilly  of  Maach  Chunk. 

From  the  Association  at  Largc^A,  fallow  to  be  elected  fh>m  each  Sec- 
tion. 

(XIT) 


Al    COMMITTEES. 


niOM  on  Waightt,  MeatKrti  and  Coinage, 

York,      I  H.  A.  Newtoh  of  New  Haven, 
G.  B.  Eluott  of  Washington, 
ton,  I  John  Trowbridob  of  Cambridge, 

M.  Hatxb  of  Hobok«n. 


CommlUM  on  Xemlenhlp. 

18  OF  THE  STAMDINO  COHHimBi 

tt  meCAodt  of  Sdtnce-  Teaching  in  the  Fublio 
SeAoolt. 

>Tk,  I   J.  W.  FuwBLL  of  Washington, 

,  N.  S.  Shilbr  or  Cambridge, 

ork,         I  B.  T.  LcpTOM  of  NaBbvlUe. 

igittnUioa  (tf  Death*,  Sinht,  and  Karriagee. 

ton,  I  r.  B.  HouflH  of  LowTllle, 

llle,  J.  S.  Copcs  of  Nen  Orleans, 

9,  John  Colutit  of  Indianapolis. 

miUee  on  SUllar  Magnitadee. 

Idge,  E.  S.  HoLDEN  of  Madison, 

SmoN  Newcomb  of  Washington, 
o,  C.  H.  F.  Pktrbs  of  Clinton, 

n,  Ormond  Stone  of  Univ.  of  Ya. 

bington,      C.  A.  Youno  of  Princeton. 

with  CommitUet  of  Foreign  Auodationt  for 

f  Science  with  rtference  to  an  International 
itlon  of  Selentfftc  Attoeiatlont. 

eal,  I    AixxAXDKB  AiUBBiz  of  Cambridge. 

NkwOoiib  of  Washington. 

(IT) 


XVI 


SPECIAL  COMMITTEES. 


7.     Committee  on  Indexing  the  Literature  of  the  Chemical  Elementt* 


H.  Carrington  Bolton  of  Hart- 
ford, 
Ira  Remsen  of  Baltimore, 


F.  W.  CL.UIK  of  Washington, 
A.  R.  Leeds  of  lloboken, 
A.  A.  JuLiEN  of  New  York. 


8.     Committee  on  International  Congress  of  Geologists, 


James  Hall  of  Albany, 

J.  W.  Dawson  of  Montreal, 

J.  S.  Newberry  of  New  York, 


T.  Sterry  Hunt  of  Montreal, 
C.  H.  Hitchcock  of  Hanover, 
Raphael  Pumpelly  of  Newport, 


J.  P.  Lesley  of  Philadelphia. 

9.     Committee  to  confer  with  the  United  States  Geologist  in  regard  to 
cooperation  betvceen  the  Govemtnent  and  State  Geological  Surveys. 


J.oies  Hall  of  Albany, 
T.  Sterry  Hunt  of  Montreal, 
J.  S.  Newberry  of  New  York, 
N.  H.  Winchell  of  Minneapolis, 


C.  H.  Hitchcock  of  Hanover, 
J.  P.  Lesley  of  Phiiadelphia, 
G.  H.  Cook  of  Brunswick, 
E.  A.  Smith  of  Tuscaloosa, 


Joseph  Le  Conte  of  San  Francisco. 
This  Committee  has  power  to  add  to  its  number. 

10.     Committee  on  Interchange  of  Courtesies  between  the  American  <nd 
British  Associations  for  the  Advancement  of  Science, 


C.  A.  Young  of  Princeton, 
J.  P.  Lesley  of  Philadelphia, 
J.  W.  Dawson  of  Montreal, 


T.  Sterry  Hunt  of  Montreal, 

E.  S.  MoRSK  of  Salem, 

T.  C.  Mkndenhall  of  Columbos, 


F.  W.  Putnam  of  Cambridge. 
11.     Committee  in  relation  to  Duty  on  Scientific  Books. 


H.  A.  Rowland  of  Baltimore, 
C.  A.  Young  of  Princeton, 


J.  W.  Powell  of  Washington, 
J.  D.  Cox  of  Cincinnati, 


E.  S.  Morse  of  Salem. 


12.     Auditors. 


Henry  Wheatland  of  Salem, 


I  Thomas  Meehan  of  Germantown. 
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EALTH  OF  MASSACHUSETTS. 


aUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 


AN^    ACT 

TOE    "Amekican    Association    fok    the 

tVANCEMtNT   OF   SCIENCK." 

le  and  Ilunae  of  Sepraeiilalivei,  in  General  Court 
t  aullwFit'j  of  the  samt,  asfullutct: 
ileiiry  of  ffiisUliisioii,  Benjiiiniu  Pltrce  of  Cam- 
of  Suvr  Iliivtii,  James  Hall  of  Alb;itiy,  Ak-xls 
StepliL-ii  Alexander  of  I'riiicttoii,  l>aac  Lea  or 
aniard  of  Ni:wYork,  John  S.  Nuwbtrry  of  Cltve- 
iul)i-lt1t;e,  T.  Htcrry  Hunt  of  Boston,  As:k  Gray  of 
c  Smltli  of  Louisville,  Joseph  Lorerhi^'  of  Cam- 
itc  of  Pliilu(]elpliia,  their  associates,  tlie  officers 
>sociatioii,  known  as  the  "American  Association 

Science,"  anil  their  successors,  are  liereby  made 
name  of  the  "American  Associiitiuu  for  the 
ice,"  for  tiie  purpose  of   reeeivlng,  purchasing, 

real  and  personal  property,  which  it  noiv  is,  or 
issed  of,  Willi  all  tlie  powers  and  privileges,  and 
IS,  tlulics  and  liabilities  set  forth  In  the  general 
after  ma;  be  in  force  and  applicable  to  such  cor- 

loration  may  iiave  and  liold  by  purchase,  grant, 
1  estate  not  exccfding  one  hunilred  thousand 
crsonai  estate  of  the  value  of  two  hundred  and 

1  of  tlie  corporators  above  named  are  hereby 
St  meeting  of  Ihe  said  corporation  in  tlie  month 
by  notice  thereof  "  by  mail,"  to  each  member  of 

Bhall  talie  effect  upon  Its  passage. 

House  OP  Repukskstativks,  March  10,  1874. 
I'assed  1o  be  enacted, 

John  E,  Sankokd,  Speaker. 
174. 

;d,  March  10,  1874. 

J,  Freiideiit.  Approved, 

W.  B.  Washdukn. 

I  EST, 

.    1874. 

roe  copy.  Attest: 

1)AVII>  PlTIJHFKlt, 

Deputy  Secretary  of  the  Commonwealth. 
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STITUTION 


OF  THK 

[ATION  FOR  THE  ADVANCEMENT 
OF  SCIENCE. 

eneral  Court  of  ttin  CommoDirealLti  at  MaBBacliiuetts. 

Objects. 
I  of  the  Aasociatloa  are,  by  periodical  and  ml- 
lote  lutercoarse  between  those  who  are  cultl- 
pans  of  America,  to  give  a  sLrongcr  and  more 
Bysteioatic  direction  to  sclenti&c  research,  and 
f  HclentiOc  men  Increased  foclUtles  and  a  tvider 

rS,  FATKONB  AMD  HONORART  FELLOWS. 

>□  shall  consist  of  Members,  Fellows,  Patrons, 

ay  become  a  Member  of  the  Associailon  upon 
ig  by  two  members  or  fellows,  nomlnatloo  by 
ind  election  by  a  m^ority  of  the  members  and 
Session. 

}e  nominated  by  the  Standing  Committee  fl'om 
e  proresslonully  engaged  In  science,  or  have  by 
icing  science.  The  election  of  fellows  shall  be 
ite  of  the  members  and  fellows  present  in  Gen- 

jrlng  to  the  Association  tbc  sam  of  one  tbouaand 
as  a  Patron,  and  EhaU  be  entitled  to  all  the 
d  to  all  Its  publications. 

iws  of  the  Association,  not  exceeding  thi-ee  for 
ed ;  the  nominations  to  be  made  by  the  Stand- 
red  by  ballot  In  the  respective  sections  before 
rol  Session.  Honorary  Fellows  shall  be  entitled 
lows  and  shall  be  exempt  from  all  fees  and  ns- 
atl  publications  of  the  Association  Issacd  after 


XXlv  CONSTITUTION. 

AnT.  7.  The  name  of  auy  member  or  fellow  two  years  In  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months,  shall 
have  been  given ;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected.  The  Standing  Committee  shall 
have  power  to  exclude  from  the  Association  any  member  or  fellow,  on 
satisfactory  evidence  that  said  member  or  fellow  is  an  improper  person 
to  be  connected  with  the  Association,  or  has  In  the  estimation  of  the 
Committee  made  improper  use  of  his  membership  or  fellowship. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of,  or 
tiold  office  in,  more  th&n  one  section  at  any  one  meeting. 

Officers. 

Art.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  in 
General  Session  from  the  fellows,  and  shall  consist  of  a  President,  a 
Vice  President  from  each  section,  a  Permanent  Secretary,  a  General  Sec- 
retary, an  Assistant  General  Secretary,  a  Treasurer,  and  a  Secretary  of 
each  Section ;  these,  with  the  exception  of  the  Permanent  Secretary,  shall 
be  elected  at  each  meeting  for  the  following  one,  and,  with  the  exception 
of  the  Treasurer  and  the  Permanent  Secretary,  shall  not  be  regligiblc  for 
the  next  two  meetings.  The  term  of  office  of  Permanent  Secretary  shall 
be  five  years. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice  President 
present,  shall  preside  at  all  General  Sessions  of  the  Association  and  at  all 
iiieelings  of  the  Standing  Committee.  It  shall  also  be  the  duty  of  the 
President  to  give  an  address  at  a  General  Session  of  the  Association  at  the 
meeting  following  that  over  which  he  presided. 

Art.  U.  The  Vice  Presidents  shall  be  the  chairmen  of  their  respective 
Sections,  and  of  their  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  own  section,  at  such  time  as  the 
Standing  Committee  shall  determine.  The  Vice  Presidents  may  appoint 
temporary  chairmen  to  preside  over  the  sessions  of  their  sections,  but 
shall  not  delegate  their  other  duties.  The  Vice  Presidents  shall  hare 
seniority  in  order  of  their  continuous  membership  in  the  Association. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
these  sessions.    He  shall  receive  the  records  from  the  Secretaries  of  the 
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ter  ezamlndtloo,  be  shall  traosmlt  Trlth  hU  own  record* 
Secretary  wUbIn  two  weeks  an«r  the  aOjoummcDt  of 
iball  receive  proposals  Tor  membership  and  bring  them 
ig  Committee. 

9slstant  UcDeral  Secretary  sball  be  the  Secretary  of 
alttce.  He  Hball  give  to  the  Secretary  or  each  SecLloo 
I  aaslgued  to  It  by  the  Staodlog  Comnilttce. 


it  Secretary  shall  be  tlio  eiecutive  ofBcer  o(  the 
the  (tirectlou  or  the  Standlag  Committee.  He  shall 
less  not  specially  rcritrruci  to  committees  nor  otherRise 
ovldcd  fur.  He  shall  keep  an  account  of  all  business 
.cted  for  the  Association,  and  make  annually  a  general 
tlon  in  the  animal  volume  of  Proceedings.  He  shall 
ntlng  and  distribution  of  tlie  annual  volume  of  Pro- 
other  pHnilug  ordered  by  the  Association.  He  sball 
f  laformatloii  to  members  and  fellows  at  least  three 
L'b  meeting,  and  shall,  lu  conneL-ttou  with  tbe  Local 
all  necessary  arrangements  for  Ibo  meetings  of  the 
ihall  provide  the  Secretaries  of  the  Association  with 
itloncry  as  may  be  required  for  their  records  and  busl- 
)vtdo  members  and  fellows  with  such  blank  forms  as 
r  Itellitatlng  the  business  of  the  Association.  Bo  shall 
mts  and  admission  fees,  and  notify  members  and  fellows 
and  of  any  arrearages.  He  shall  receive,  and  bring 
Ig  Committee,  the  titles  and  abstracts  of  papers  pro- 
efore  the  Association.  Hi'  ^h.'ill  keep  au  accoant  of  all 
lltures  of  the  Association,  and  report  the  same  annaalty 
;  of  the  Standing  Committee,  and  shall  pay  over  to  the 
expended  funils  as  the  Standing  Committee  may  direct, 
id  bold  lu  trust  for  the  Association  all  books,  pamphlets 
lelonglng  to  the  Association,  and  allovr  the  use  of  the 
rovlsloDS  of  the  Constitution'  and  the  orders  of  the 
ce.  He  shall  receive  all  communications  addressed  to 
ring  the  Interval  between  meetings,  and  properly  attend 
shall  at  each  meeting  report  the  names  of  fellows  and 
'  died  since  the  preceding  meeting.  He  sball  ba  allowed 
II  be  determined  by  the  Standing  Committee,  and  may 
re  clerks  at  suclt  compensation  as  may  be  agreed  npon 
immlttee. 


XXVI  OONSTITDTIOir. 

Abt.  15.  The  Treasarer  shall  invest  the  fUnds  received  by  him  In  flodi 
■ecarities  as  may  be  directed  by  the  Standiog^  Committee.  He  «liall 
annually  present  to  the  Standing  Committee  an  account  of  the  ftinds  in 
his  charge.  No  expenditure  of  the  principal  in  the  hands  of  the  Treas- 
arer shall  be  made  without  a  unanimous  vote  of  the  Standi ug  Committee, 
snd  no  expenditure  of  the  income  received  by  the  Treasurer  shall  be 
made  without  a  two-thirds  vote  of  the  Standing  Committee. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records  of  their 
respective  sections,  and,  at  the  close  of  the  meeting,  give  the  same, 
including  the  records  of  subsections,  to  the  General  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  in  order  of  their  continuous  membership  in  the 
Association. 

Art.  17.  In  cose  of  a  vacancy  in  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  in  the  offices  of  Vice  President,  Perma- 
nent Secretary,  General  Secretary,  Assistant  General  Secretary,  and  Treas- 
arer, shall  be  Ailed  by  nomination  of  the  Standing  Committee  and  election 
by  ballot  in  General  Session.  A  vacancy  in  the  office  of  Secretary  of  a 
Section  iihall  be  filled  by  nomination  and  election  by  ballot  in  the  Section. 

Art.  18.  The  Standing  Committee  shall  consist  of  the  past  Presidents, 
and  the  Vice  Presidents  of  the  last  meeting,  together  with  the  President, 
the  Vice  Presidents,  the  Permanent  Secretary,  the  General  Secretary,  the 
Assistant  General  Secretary,  the  Secretaries  of  the  Sections,  and  the 
Treasurer  of  the  current  meeting,  with  the  addition  of  one  fellow  elected 
ft'om  each  Section  by  ballot  on  the  first  day  of  its  meeting.  The  members 
present  at  any  regularly  called  meeting  of  the  Committee,  provided  there 
are  at  least  five,  shall  form  a  quorum  for  the  transaction  of  business.  The 
Standing  Committee  shall  meet  on  the  day  preceding  each  annual  mceUng 
of  the  Association,  and  arrange  the  programme  for  the  first  day  of  the 
sessions.  The  time  and  place  of  this  first  meeting  shall  be  designated  by 
the  Permanent  Secretary.  Unless  otherwise  agreed  upon,  regular  meet- 
ings of  the  Committee  shall  bo  held  in  the  committee  room  at  9  o'clock, 
A.  M.,  on  each  day  of  the  meeting  of  the  Association.  Special  meetings 
of  the  Committee  may  be  called  at  any  time  by  the  President.  The 
Standing  Committee  shall  be  the  board  of  supervision  of  the  Association, 
and  no  business  shall  be  transacted  by  the  Association  that  has  not  first 
been  referred  to,  or  originated  with,  the  Committee.  The  Committee 
shall  receive  and  assign  papers  to  the  respective  sections ;  examine  andy 
if  necessary,  exclude  papers ;  decide  which  papers,  discussions  and  other 
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nibUahed,  uid  have  the  geaeral  direction  of  tba 
oclatlou ;  manogs  the  flntuclftl  nffEklra  of  the  Aho- 
iQSiness  and  programmes  for  GeDeral  Sessional 
cnssloQ,  iDvestigatioD  or  reports ;  noniiiiaite  mem- 
icclve  BDd  act  apoD  all  iuvitattoas  ezteoded  to  tfaa 
the  same  at  a  General  Session  of  the  Association. 
natlug  Committee  ahall  consist  or  the  Standing 
nerober  or  fellow  elected  by  each  of  the  Sec- 
duty  of  this  Committee  to  meet  at  the  call  of 
Date  the  general  officers  for  the  following  meeting 
shall  also  be  the  duty  of  this  Committee  to  rec- 
place  fur  the  next  meeting.  The  Vice  President 
Section  shall  be  recommendeil  to  tiio  Nominating 
ommlttee  consisting  of  the  Vice  President,  8«c- 
«r9  or  fellows  elected  by  the  Section. 

MSETI»OS. 

latioQ  shall  bold  a  pobllc  meeting  annually,  for  ona 
time  and  place  as  may  be  determined  by  vote  of  the 
rellmlnary  arrangements  for  each  meeting  shall  be 
amittcc,  In  conjunction  with  the  Permanent  Secre- 
irsons  as  the  Standing  Committee  may  designate, 
esslons  shall  be  held  at  10  o'clock,  a.  U.,  nnless 
every  duy  of  the  meeting,  Snodoy  excepted,  and 
nay  be  appointed  by  the  Standing  Committee. 
jBonoNS  xsa  Subsrctions. 
tatton  shall  be  divided  Into  nine  Sections,  namely;— 
itronomy;  B,  Fhyiia;  C,  Chemistry,  including  U» 
n  and  the  arts ,'  D,  Mechanical  Science ;  E,  Geology 
iology;  G,  Histology  and  Microscopy;  H,  Anthro- 
Seience  and  Statialici.  The  Standing  Committea 
uolidate  any  two  or  more  Sections  temporarily,  and 
itlons  shall  be  presided  over  by  the  senior  Tlce 
7  of  the  Sections  comprising  it. 
;1y  on  the  organization  of  a  Section  there  shall  be 
y  ballot  after  open  nomination,  wlio,  with  the  Vice 
ry,  shall  form  its  Sectional  Committee.  The  Sec- 
1  have  power  to  flll  vacancies  In  their  own  nnmben. 
na  shoU  not  be  held  at  tbe  same  time  with  a  Qenenl 
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Abt.  S4.  The  Sectional  Committee  of  any  Section  may  at  its  pleasure 
form  one  or  more  temporary  Subsections,  and  may  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  shall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

Art.  25.  A  paper  shall  not  be  read  in  any  Section  nor  Snbsection  ontQ 
It  has  been  received  from  the  Standing  Committee  and  placed  on  the 
programme  of  the  day  by  the  Sectional  Committee. 

Sectional  Committees. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  bnsL- 
ness  of  their  respective  Sections.  They  shall  prepare  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
No  change  shall  be  made  in  the  programme  for  the  day  in  a  Section  with- 
out the  consent  of  the  Sectional  Committee.  The  Sectional  Committees 
may  reftise  to  place  the  title  of  any  paper  on  the  programme ;  but  eveiy 
such  title,  with  the  abstract  of  the  paper  or  the  paper  itself,  must  be  re- 
turned to  the  Standing  Committee  with  the  reasons  why  it  was  refused. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme  any  paper  inconsistent  with  the  character  of  the  Associatioo; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficiently  understood  from  the  abstract  submitted. 

Papers  and  Communications. 

Art.  28.  All  members  and  fellows  mast  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature ;  and  no  title  shall  be  referred  by  the 
Standing  Committee  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  the  paper  itself  has  been  received. 

i  Art.  29.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 

I  the  title  may  be  dropped  to  the  botton:  of  the  list. 

i  Art.  80.    Whenever  practicable,  the  proceedings  and  discussions  at 

!  Oeneral  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 

■  aional  reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 

K  reports  of  the  Association  unless  revised  by  the  Secretariesi 

i 
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pRiimtD  Pbocbu^htos. 
aeat  Secretary  shall  b&ve  the  Froceedlngs  of  each 
ctaTOToIamoaa  soon  after  ttie  meeting  oe  possible, 
after  odJonrDment.  Authors  mast  prepare  their 
Ij  for  the  press  and  forward  them  to  the  Perma- 
Chls  iDterrsI,  otheririse  oalj  the  abstracts  or  titles 
blanks"  will  appear  In  the  printed  Tolnme.  The 
all  have  power  to  order  the  printing  of  an;  paper 
nly.  Whenever  practicable,  proofs  shall  be  for- 
rcTlslon.  If  any  additions  or  substantial  altera- 
uthor  of  a  paper  after  Its  submission  to  the  Secre- 
t  distinctly  Indicated,  tllnstratlons  mnst  be  pro- 
of the  papers,  or  by  a  spcciul  appropriation  ftom  the 
Immediately  on  publication  of  tbe  volnme,  a  copy 
ery  member  and  fellow  of  the  Association  who  shall 
int  for  the  meeting  to  which  It  relates,  and  It  shall 
by  the  Permanent  Secretary  at  such  price  as  may 
andlug  Coramlttce.  The  Standing  Committee  shall 
tntiona  to  which  copies  shall  be  dlstiibated. 

Local  Committeb. 
Committee  shall  consist  of  persons  Interested  Ib 
iciatlon  and  residing  at  or  near  the  place  of  the 
Is  expected  that  the  Local  Committee,  assisted  by 
relation,  will  make  all  essential  arrange [iienta  fbr 
i  a  circular  giving  necessary  partlcnlars,  at  least 
neetlng. 

LlBRART  or  THB   ASSOCIATIOM. 

ind  pamphlets  received  by  the  Association  shall  be 
'ermanent  Secretary,  who  shall  have  a  list  of  the 
furnish  a  copy  to  any  member  or  fellow  on  appll- 
fellowa  who  have  paid  their  assessments  in  full 
for  books  and  pamphlets,  which  shall  be  delivered 
ense,  on  their  giving  a  receipt  agreeing  to  make 
go  and  to  retom  the  same  ftee  of  expense  to  the 
peclfled  In  the  receipt  given.  All  books  and  pam- 
ist  ba  returned  at  each  meeting.  Not  more  than 
Dlnmes,  parts  of  volumes,  and  pamphlets,  shall  be 
ly  member  or  fellow.  Any  book  may  be  withheld 
er  of  the  Standing  Committee. 


CONSTITOTIOir. 


AdHUSIOK  FkB  and  A8SB88BC1EMT8. 

Art.  84.  The  admission  fee  for  members  shall  be  flye  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  85.  The  annual  assessment  for  members  and  flellows  shall  be 
three  dollars. 

Art.  86.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member  and 
as  such  shall  be  exempt  f^om  all  tlirther  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall 
be  invested  as  a  permanent  ftind,  the  income  of  which  shall  be  used 
only  to  assist  in  original  research,  unless  otherwise  directed  by  unani- 
mous rote  of  the  Standing  Committee. 

Art.  87.  All  admission  fees  and  assessments  must  be  paid  to  the  Fer- 
manent  Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 

Art.  88.  The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  Auditors  appointed  by  the  Standing 
Committee. 

AlTBRATIONS  of  the  CONSTrrUTION. 

Art.  89.  No  ptktt  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three -fourths  of  the  members  and  fellowi 
present  in  General  Session,  after  notice  given  at  a  (General  Session  of  a 
preceding  meeting  of  the  Association. 


ORDER  OF  PROCEEDINGS  IN  ORGANIZING  A  MEETING. 

1.  The  retiring  President  introdaces  the  President  elect,  who  takes  the  chair. 

2.  Formalities  of  welcome  of  the  Association  as  may  be  arranged  by  the  Looil 
Committee. 

5.  Report  of  the  list  of  papers  entered  and  their  reference  to  the  Sectlena, 
i.  Other  reports. 

6.  Announcements  of  arrangements  by  the  Local  Committee, 
a.  Election  of  members. 

7.  Election  of  fellows. 

t.   Unennmerated  business. 

t.   AcUoumment  to  meet  In  Sections. 

This  order«  ao  far  aa  applicable,  to  be  followed  in  snbseqaent  Genezal  i 


MEMBERS 

]AN    ASSOCIATION 

'ANCEMENT  OF  SCIENCE.' 


PATEONS.* 


EADRTii,  Stamrord,  Conn.  (22). 

r,  Mauch  Chunk,  Carbon  Co.,  Pa,  (28). 

IBB,  59  West  5Gtli  St.,  New  York,  N.  T.  (29). 

HEUBEBS.' 

to  Mt.  Vernon  St,,  Boston,  Mass.  (29). 

,  Salinas,  Monterey  Co.,  Cal.  (29). 

.,  Newport,  Ky.  (.'51). 

>T  Pennsylvania  Avenne,  Washington,  D.  C.  (80). 

t  Eng'r,  U.  S.  N.,  Norristown,  Pa.     (28). 

GUI  College  Avenue,  Montreal,  Can.  (29). 

).,  Oakland,  Cal.  (29). 

6  Congress  St.,  Brooklyn,  N.  Y.  (20). 

C,  Montreal,  Can.  (31). 

>9  Alice  St.,  Cikland,  Alameda  Co.,  Cal.  (29). 

i  R.,  265  Madison  Ave.,  New  York,  N.  Y.  (32). 

tockester,  Miun.  (32). 

i  Market  St.,  St.  I^uls,  Mo.  (27). 


)  Indlpnte  the  mecttus  at  irblch  the  memlicr  wi 

ts  elected. 

Irat  Iheir  nniaei  will  bo  reeloroii  on  pnrm 

Pill  of  ar. 

■ars  are  entltlcil  to  the  Biiniiol  Toliime  of  Pi- 

n-X-1,Unst 

<,u,  bound 

tied  to  the  privileges  of  luembera  and  to  the  publicutioas. 
Bre  to  remaia  penniiaeDtlj  oa  the  Hat. 

w  mnj  become  a  Life  Member  by  Die  pajTiient  of  fifty  doHnrB. 
Lire  Membereliips  is  Inre^^teil  na  a  fund,  the  Ineonie  of  vhicti 
1  In  orlElani  reeearch.  Lifb  Mamberp  are  exempt  from  the 
are  entitled  to  the  aannal  volume.  The  oanica  of  Life  Mem- 
capitals  Id  the  regular  liet  of  Uemben  and  Fellairs. 

Ciiil) 


XXXU  MEMLBERS. 

Allen,  Dr.  G.  M.,  102  Clark  St.,  ClnclnnatJ,  Ohio  (80). 

Allen,  J.  M.,  Hartford,  Conn.  (22). 

Ailing,  J.  C,  Supt.  City  Schools,  Albert  Lea,  Minn.  (31). 

Ailing:,  Miss  Mary  R.,  Acra,  Greene  Co.  N.  Y.  (29). 

Allis,  Solon  M.,  Tucson,  Arizona  (29). 

Allison,  Henry,  Fort  Worth,  Texas  (32). 

Ammen,  Daniel,  Rear  Admiral  U.  S.  Navy,  Washington,  D.  C.  (26). 

Anderson,  Newton  M.,  Columbus,  Ohio  (SO). 

Andrews,  L.  W.,  Ph.  D.,  Springfield,  Mass.  (31). 

Angus,  William,  2U  St.  James  St.,  Montreal,  Can.  (SI). 

Anslcy,  Clark  F.,  Swedona,  Mercer  Co.,  111.  (32). 

Appleton,   Rev.   £dw.  W.,  D.D.,  Ashbourne  P.  O.,  Montgomery  Co., 

Pa.  (28). 
Apthorp,  Henry,  Ashtabula,  Ohio  (32). 
Archambauit,  U.  E.,  P.  O.  Box  1944,  Montreal,  Can.  (31). 
Armstrong,  Lucius  H.,  St.  Nicholas,  Duval  €o.,  Fla.  (30). 
Armstrong,  Mrs.  Lucius  H.,  St.  Nicholas,  Duval  Co.,  Fla.  (30). 
Arnold,  Lauren  B.,  Rochester,  N.  Y.  (30). 
Arthur,  J.  C,  Charles  City,  Iowa  (21). 

Ashburner,  Charles  A.,  907  Walnut  St.,  Philadelphia,  Pa.  (81). 
Ashmead,  Wm.  H.,  Jacksonville,  Fla.  (29). 
Atkinson,  Jno.  B.,  Earlington,  Hopkins  Co.,  Ky.  (26). 
Atwater,  Richard  M..  Millville,  N.  J.  (29). 
Atwood,  E.  S.,  East  Orange,  N.  J.  (29). 
Atwood,  Oscar,  Rutland,  Vt.  (31). 

Auchincloss,  Wm.  S.,  209  Church  St.,  Philadelphia,  Pa.  (29). 
Aughey,  Prof.  Samuel,  Univ.  of  Nebraska,  Lincoln,  Neb.  (29), 
Austin,  Miss  Mary,  Mattapan  Station,  Milton,  Mass.  (31). 
Ayres,  Prof.  Brown,  Univ.  of  Louisiana,  New  Orleans,  La.  (31). 
Ayres,  Dr.  S.  C,  64  W.  7th  St.,  Cinclimati,  Ohio  (30). 

Babbit,  John,  Frederlcton,  N.  B.  (29).  [(32). 

Babbitt,  Miss  Franc  E.,  P.  O.  Box  75,  Little  Falls,  Morrison  Co.,  Mino. 

Bailey,  E.  U.  S.,  Bethlehem,  Pa.  (25). 

Baker,  A.  L.,  32  So.  Charles  St.,  Baltimore,  Md.  (30). 

Baker,  B.  N.,  32  So.  Charles  St.,  Baltimore,  Md.  (30). 

Baker,  Frank,  M.  D.,  320  C  St.,  Washington,  D.  C.  (31). 

Baker,  Prof.  I.  O.,  Illinois  Industrial  Univ.,  Champaign,  111.  (30). 

Baker,  Prof.  T.  R.,  Millersville,  Lancaster  Co.,  Pa.  (22). 

Baker,  Wm.  E.,  158  Treraont  St.,  Boston,  Miuss.  (29).  [(Zl). 

Baldwin,  Miss  Mary  A.,  Summer  Ave.,  Cor.  Kearney  St.,  Newark,  N.  J 

Baldwin,  Very  Rev.  Dean  Maurice  S.,  Montreal,  Can.  (31). 

Balen,  Abraham  D.,  Plalnfleld,  N.  J.  (31). 

Ballard,  II.  IL,  Lenox,  Mass.  (31). 

Ballon,  Nahum  E.,  M.  D.,  Sandwich,  111.  (29). 

Ballon,  Wm.  II.,  105  Dearborn  Avenue,  Chicago,  111.  (29). 

Banes,  Charles  H.,  2416  Spring  Garden  St.,  Philadelphia,  Pa.  (31). 

Baptie,  George,  Normal  School,  Ottawa,  Ontario,  Can.  (29). 


KEMBEBS.  ZXXiti 

I.,  U  Fifll.  Atc,  Niw  York,  N.  T.    (30). 

I.  D.,  Wttslilngton  Collirge,  Clicstwrtomn,  Md.  (32). 

M.,  care  of  H.  II.  Barber,  8  and  10  Central  St., 

)■ 

care  R,  Poole,  Cherry  and  Union  Sts.,  Nashville, 

cl  Vend6mc,  Bostoo,  Moss.  (18). 

ilcago,  III.  (27). 

D.,  Hartford,  Conn,  (29). 

attle  Creek,  Mich.  (29). 

:..,  Flatbash,  L.  I.  (28). 

TiwrordsvlUe,  Ind.  (W). 

».D.,  Vandnlln,  III.  (20). 

ox  DSB,  Jacksonville,  Fla.  (8). 

m,  Box  930,  Jacksonville,  Fla.  (24). 

Clinton,  Worcester  Co.,  Masa.  (25). 
iilv.  of  Chicago.  Chicago,  III.  (20). 
lectrician,  Menlo  Park,  N.  J.  (23). 
rtford,  Conn.  (23), 
liesier,  N.  Y.  (2G). 

A.,  Itojal  Military  College,  Kingston,  Ont.  (29). 
erctaant,  Hartfurd,  Coon.  (23). 
Tchact,  HartfonI,  Conn.  (23). 
elolt,  Wlit.  (21). 

Catharines,  Ontario,  Can.  (31). 
lturj.1  College,  Ames,  Iowa  (33). 
ay,  Ontario,  Can.  (31). 

HI,  Galena,  III.  ^28). 
.  D.,  Minneapolis,  Minn.  (32). 
U.,  97  St.  Jamca  St.,  Montreal,  Can.   (31). 
itave  T.,  New  Orleans,  La.  (30). 
'.,  Mankato,  Minn.  (32). 
Passed  Aas't  Eng'r  U.  S.  N.,  Coleman's  Station,  N.  Y. 

?ot  Major,  U.  S.  Army,  23  Grace  Court,  Brooklyn, 

t-  U.  S.  N.,  U.  S.  S.  Vandallft,  care  Navy  Dept., 

:.  (29). 

.ouisville,  Ky.  (29).     . 
ulsvllle,  Ky.  (20). 

8  Fayette  St.,  Georgetown,  D.  C.  (311. 
N.  H.  (22). 

}|||  College,  Montreal,  Can.  (31). 
President  of  the  Common  Council,  Dallklo,  N.  T. 

P.  O.,  Montreal,  Can.  (31). 
irclay  St.,  New  York,  N.  Y.  (19). 

L.  ZXXII.  O 


XXxiV  MEMBERS. 

Benjamin,  Marcns,  43  East  67th  St.,  New  York,  N.  T.  (27). 

Berliner,  Emlle,  95  Milk  St.,  Boston,  Mass.  (29). 

Best,  W.  F.,  St.  John,  N.  B.  (29). 

Beyer,  II.  G.,  Passed  Ass't  Surgeon,  U.  S.  N.,  125  Park  Ave.,  Baltimore, 

Md.  (31). 
Blckmore,  Mrs.  Albert  S.,  12  East  4l8t  St.,  New  York,  N.  T.  (81). 
Blcknell,  Hon.  Tlios.  W.,  Boston,  Mass.  (29). 
Blgelow,  A.  T.,  D.  D.  S.,  Bismarck,  DakoU  (32). 
Bigelow,  Otis,  605  7th  St.,  Washington,  D.  C.  (30). 
Bigelow,  Robert  P.,  1501  18th  St.,  N.  W.,  Washington,  D.  C.  (32). 
Bigelow,  Wm.  Sturgis,  M.  D.,  61  Beacon  St.,  Boston,  Mass.  (29). 
Bill,  Charles,  Springfield,  Mass.  (17). 
Bingham,  Mrs.  Martha  A.,  Kansas  City,  Mo.  (82). 
Blrge,  Charles  P.,  Keokuk,  Iowa  (29). 

Blackford,  Eugene  O.,  809  Bedford  Avenne,  Brooklyn,  N.  Y.  (29). 
Black  well,  Mrs.  A.  B.,  Somervlllc,  N.  J.  (80). 
Blaisdell,  F.  E.,  Powny,  San  Diego  Co.,  Cal.  (29). 
Blake,  Mrs.  Clarence  J.,  19  St.  James  Avenue,  Boston,  Mass.  (29). 
Blake,  Francis  C,  Penna.  Lead  Works,  Mansfield  Valley,  Alleghany  Co.* 

Pa.  (29). 
Blake,  Prof.  John  R.,  Davidson  College,  N.  C.  (29). 
Blakslce,  Prof.  T.  M.,  Harpcrsville,  N.  Y.  (81). 
Blanchard,  Frederick,  Box  CC,  Lowell,  Mass.  (29). 
Blatchford,  Eliphalct  W.,  875  North  La  Salle  St.,  Chicago,  111.  (17). 
Blatchford,  John  S.,  13  Exchange  St.,  Boston,  Mass.  (29). 
Blitz,  Adoiph,  M.  D.,  Minneapolis,  Minn.  (82). 
Blodgett,  A.  N.,  M.D.,  Boylston  St.,  Boston,  Mass.  (29). 
Blount,  Henry  F.,  Evansvl>le,  Vandcrburg  Co.,  Ind.  (82). 
Boardman,  Miss  E.  D.,  120  Beacon  St.,  Boston,  Mass.  (29). 
Boardman,  Mrs.  Wm.  D.,  88  Kenll worth  St.,  Roxbury,  Mass.  (28). 
Bobbitt,  Mrs.  John,  Greensbnrg,  Decatur  Co.,  Ind.  (80). 
Boerner,  Chas.  G.,  Vevay,  Ind.  (29). 

Bolles,  Dr.  Wm.  P.,  571  Dudley  St.,  Dorchester,  Mass.  (29). 
Bond,  Geo.  W.,  Boston,  Mass.  (29). 
Bookwaltor,  J.  W.,  Springfield,  Ohio  (SO). 
Bourland,  Dr.  Addison  M.,  Van  Buren,  Ark.  (29). 
Bowditch,  Frederic  C,  Box  615,'  Brookline,  Mass.  ^29). 
Bowers,  Miss  Virginia  K.,  care  Wm.  Rosselle,  Memphis  Appeal  Office, 

Memphis,  Tenn.  (27). 
Bowkcr,  W.  H.,  43  Ciiatham  St.,  Boston,  Mass.  (80). 
Bowles,  George  J.,  1406  St.  Catherine  St.,  Montreal,  Can.  (81). 
Bowles,  Miss  Margaretta,  The  Institute,  Columbia,  Tenn.  (26). 
Boyd,  William,  Cambridge,  Mass.  (29). 
Boynton,  Miss  8.  P.,  Box  150,  Lynn,  Mass.  (19). 
Brackett,  John  W.,  581  Washington  St.,  Boston,  Mass.  (29). 
Brackett,  Solomon  H.,  St.  Johnsbury,  Vt.  (29). 
Bradford,  Edward  H.,  M.  D.,  150  Boylston  St.,  Boston,  Mass.  (29). 


MEMBERS.  XXXI 

Lt.  Comd'r,  U.   S.  N.,  21  Briiley  St.,  Newport 

M  and  Walnnt  Sts.,  Cincinnati,  Ohio  (27;. 

J.  8  Purk  Place,  New  York,  N.  T.  (29). 

'.  O.  Box  T20,  Montreal,  Cui.  (31). 

rlin,  Conn.  (39). 

,  Louisville,  Ky.  (29). 

,  VlncciinGii,  Ind.  (SO). 

Ilesc  nin.  Mass.  (39). 

Boi  2794,  St.  LoiitK,  Mo.  (37). 

:  Sparks  St.,  Cambridge,  Mass.  (29). 

}.,  New  Orleans,  Ln.  (SB). 

MontrenI,  Can.  (31). 

t.  Comdr  U.  S.  N.,  Tonkers,  N.  T.  (31). 

ra.-Ontarlo,  Can.  (31). 

itto  W.,  Salem,  Mass,  (20). 

M.,  Medio,  Delaware  Co.,  Pa.  (23). 

tA.,  725  Irvlns  St.,  Syracuse,  N.  Y.    (30). 

!8  West  7tli  St.,  Citiclnaatl,  Ohio  (81). 

,  Oiihlaud,  Alameda  Co.,  Cal.  (31). 

Newport,  Ky.  (SO). 

115  Wilkinson  St.,  nayton,  Otila  (23). 

andolpli,  N.  Y.  (81). 

re  of  McKesson  and  Rohbins,  09  Fulton  St.,  Ne*i 

,'Vlco  President,  Texas  and  Fociae  R,  R.  Co.,  Pn. 

I  Broadway,  Somervllle.  Mass.  (29), 

cor.  Jolin  and  Hopkins  Sts.,  Cincinnati,  Ohio  (28). 

encon  St.,  Boston,  Moss.  (.30). 

Ington,  Del.  (29). 

:  Somervllle,  Muss.  (29), 

.,  U.  8.  Patent  Offlce.  Waahlnston,  D.  C.  (28). 

k..  Linden,  Mass.  (29). 

Corcoran  Building,  Washington,  D.  C.  (31). 

9  W,  Monro  St.,  Chicago,  III.  (80). 

103  Spruce  St.,  Le  Droit  Park,  Woahlnffton,  D.  C 

etown,  Conn.  (29). 

Patent  Office,  Woslilngton,  D.  0.  (28). 
lontreal.  Can.  (31), 
.,  Bos  46G,  Atlanta,  Go.  (32). 
John,  N.  B.  (80). 
D.  D.,  WaWrford,  N.  T.  (19). 
CVasliington,  D.  (^  (29). 
i'llle,Franh11nCo.,Ind.  (SO). 
■St.,  New  York,  N,  T.  (29). 


i  MEMBERS. 

Batler,  Nathan,  17  Johnston  Block,  Minneapolis,  Minn.  (32). 
Butterflcld,  W.  Webster,  M.  D.,  Indianapolis,  Ind.  (32). 
Bynner,  Edwin  L.,  13  Pembertou  Square,  Boston,  Mass.  (29). 
Byrnes,  R.  M.,  M.  D.,  cor.  5th  and  Race  Sts.,  Cincinnati,  Ohio  (SO). 

Cabot,  Sara'l,  Jr.,  63  Kllby  St.,  Boston,  Mass.  (29). 

Calder,  Edwin  E.,  Box  17,  Providence,  R.  I.  (29). 

Caldwell,  Albert  G.,   Lt.  Comd'r  U.  S.  N.,  Torpedo  Station,  Newport, 

R.  I.  (31). 
Caldwell,  Dr.  Frank,  Cincinnati  Hospital,  Cincinnati,  Ohio  (30). 
Calkins,  Dr.  Marsliall,  Springfield,  Mass.  (29). 

Campbell,  Rev.  Prof.  John,  Presbyterian  College,  Montreal,  Can.  (31). 
Canfteld.  Rev.  Ell  H.,  D.D.,  Arlington,  Bennington  Co.,  Vt.  (25). 
Capen,  Miss  Bessie  T.,  Northampton,  Mass.  (23). 
Cargill,  H.  L.,  St.  Lawrence  Hotel,  Montreal,  Can.  (31). 
Carman,  Ezra  A.,  Dept.  of  Agric,  Washington,  D.  C.  (30). 
Carman,  Lewis,  Bangall,  N.  Y.  (29). 
Caron,  C.  K.,  Louisville,  Ky.  (30). 

Carpenter,  Geo.  O.,  jr.,  care  St.  Louis  Lead  &  Oil  Co.,  St.  Louis,  Mo.  (29). 
Carpenter,  Louis  G.,  Lansing,  Mich.  (32). 

Carpmael,  Chi^rlcs,  Director  of  Magnetic  Observatory,  Toronto,  Can.  (31). 
Carrington,  Col.  Henry  B.,  U.  S.  A.,  care  Adj.  Gen.  U.  S.  A.,  Washington, 

D.C.  (20). 
Case,  Mrs.  Fidelia  0.,  Kansas  City,  Mo.  (32). 

Cassiuo,  S.  E.,  Naturalists*  Agency,  41  Arch  St.,  Boston,  Mass.  (25). 
Castle,  Frederick  A.,  M.  D.,  102  East  67th  St.,  Ne^  York,  N.  Y.  (29). 
Castaer,  Dr.  H.  Y.,  197  Pearl  St.,  New  York,  N.  Y.  (30). 
Caswell,  John  H.,  11  West  48th  Street,  New  York,  N.  Y.  (26). 
Chabert,  L'Abb6  Joseph,  80  St.  Gabriel  St.,  Montreal,  Can.  (31). 
Chace,  Arnold  B.,  Valley  Falls,  R.  L  (29). 
Chadbourn,  Erlon  R.,  Lewiston,  Me.  (29). 
Chad  wick,  James  R.,  M.  D.,  Clarendon  St.,  Boston,  Mass.  (29). 
Chamberlain,  M.,  St.  John,  N.  B.  (32). 

Chance,  H.  Martyn,  2433  Falrmount  Avenue,  Philadelphia,  Pa.  (29). 
Channlng,  Dr.  Wm.  F.,  Providence,  R.  I.  (29). 
Chapman,  F.  M.,  Danfoith,  Iroquois  Co.,  111.  (17). 
Charbonnler,  Prof.  L.  H.,  University  of  Georgia,  Athens,  Ga.  (26). 
Chase,  Prof.  F.  A.,  Fisk  University,  Nashville,  Teun.  (26). 
Chase,  Mrs.  Marln6  J.,  1022  Locust  St.,  Philadelphia,  Pa.  (31). 
Chase,  Prof.  Pliny  E.,  Haverford  College,  Haverford,  Pa.  (18). 
Chase,  R.  Stuart,  16  Merrimack  St.,  Haverhill,  Mass.  (18). 
Chatdeld,  A.  F.,  Albany,  N.  Y.  (29). 

Cheesman,  Prof.  Louis  M.,  Trinity  College,  Hartford,  Conn.  (32). 
Clienault,  Prof.  J.  W.,  Louisville,  Ky.  (80). 
Chester,  Lt.  Com'dr  Colby  M.,  U.  S.  N.,Coast  Survey  Office,  WuhingtOD, 

D.  C.  (28). 
Childe,  John  Healey,  Boston,  Mass.  (31). 
Cisco,  J.  G.,  Jackson,  Tcnn.  (29). 


HEHBEB8.  XXX  vU 

:De;  St.,  Bostoc,  Mass.  (31). 

Lockport,  Niagara  Co.,  N.  Y.  (25}. 
imnlca  Flalo,  Moss.  (20). 
flortharapton,  Mass.  (81). 
:)bio  St.,  East  Cambridge,  Mass.  (29). 
itl,  Ohio  (30). 

8th  St.,  Cincinnati,  Ohio  (80). 

9  87th  SU,  Chicago,  lU.  (29j. 

k,  Pa.  (28). 

,.D.,  Hempstead,  L.  I.  (29). 

lyisLon  St.,  Boston,  Mass.  (29). 

Saugerties,  N.  Y.  (29). 

tfaadoD,  Docotab  (32). 

llle.  Pa.  (31). 

Id  Bapids,  Mich.  (20). 

iial>cth,  N.  J.  (31). 

ool  or  Mines,  Columbia  College,  New  York,  K.  Y. 

.  Cattierine  St.,  Montreal,  Can.  (31). 

augt,  N.  J.  (30). 

Louis,  Mo.  (27). 

rnell  College,  Mount  Vernon,  Iowa  (21). 

wampscott,  Masn.  (25). 

182  William  St.,  New  Yorli,  N.  Y.  (22). 

■rd,  McKeaii  Co.,  Pa.  (32). 

rold,  G07  North  14th  St.,  St.  Lonls,  Mo.  (29). 

,  171!9  Eastern  Avenue,  Cincinnati,  Olilo  (30). 

[■  Central  Park  Menagerie,  New  York,  N.  Y.  (29). 

[eesevllle,  N.  Y.  (31). 

ilttbleville,  N.  Y.   (20). 

8  PaciQc  St.,  Brooklyn,  N.  Y.  (26). 

Ibj  St.,  Boston,  Masa.  (29). 

Alfred  Centre,  N.  Y.  (29). 

nnt  St.,  Cincinnati,  Ohio  (SO). 

ew  Orleans,  La.  (11). 

Fno.  College,  Pordham,  N.  Y.  (80). 

lur;,  Mass.  (31). 

Tord,  Butler  Co.,  Ohio  (30). 

::rawrordsTllle,  Ind.  (32). 

W.,  LL.B.,  2C17  Woshiugtoa  Ave.,  St.  Lonia, 

Sd  St.,  Cinclunati,  Ohio  (30). 
a  Notre  Dame  St.,  Montreal,  Can.  (31). 
Toronto,  Can.  (31). 
souvtUe,  Ohio  (30). 
louth  Glh  St.,  Minnenpolls,  Minn.  (32). 
hburn  College,  Topeka,  Kan.  (29). 


ZXXTiii  1IEMBEB9. 

Crane,  C.  R.,  ?21  Garrard  St.,  Covini^too,  Ky.  (80). 

Crane,  Henry  L.,  157  York  St,,  Cincinnati,  Ohio  (30). 

Crawford,  John  M,,  cor*  7th  and  Mound  Sts.,  Cincinnati,  Ohio  (80). 

Crawford,  Prof.  Monis  U.,  Middietown,  Conn.  (30). 

Crehore,  John  D.,  1040  lYospect  St.,  Cleveland,  Ohio  (24). 

Crevier,  I.  A.,  M.  D.,  Montreal,  Can.  (31). 

Crocker,  Miss  Lucretia,  40  Ilutland  Square,  Boston,  Mass.  (29). 

Crosby,  Francis  W.,  20  Second  St.,  N.  £.,  Washington,  D.  C.  (81). 

Crosier,  Dr.  £dward  S.,  Louisville,  Ky.  (29). 

Crow,  Waynuin,  St.  Louis,  Mo.  <27). 

Cbowrll,  a.  F.,  Woods  IIol),  Mass.  (80). 

Crump,  Prof.  M.  IL,  Ogden  College,  Bowling  Green,  Ky.  (29). 

Cummlugs,  John,  Wolmrn,  Maiss.  (18). 

Currier,  John  McNab,  M.D.,  Castlcton,  Vt.  (28). 

Curtis,  Elizabeth,  I(>  Beethoven  St.,  Eglestou  Square,  Boston,  Mass.  (31) 

Curtis,  Dr.  rjc»ter,  1558  Wabash  Avenue,  Chicago,  111.  (29). 

Curtiss,  Abijab,  Youkers,  N.  Y.  (31). 

Cutler,  Dr.  Andrew  S.,  Kankakee,  111.  (82). 

Cutter,  John  D.,  Box  270,  New  York,  N.  Y.  (25). 

Cutter,  W.  £.,  Box  1037,  Worcester,  Mass.  (29). 

Dale,  Ben  B.,  25  Wiggins  Block,  Cincinnati,  Ohio  (30). 

Dale,  T.  Nelson,  Jr.,  GIbbs  Ave.,  Newport,  U.  I.  (27). 

Dana,  Judge  Edmund  L.,  Wilkesbarr6,  Pa.  (32). 

Daniels,  Edward,  St.  Paul,  Minn.  (32). 

Dansereau,  C.  A.,  Montreal,  Can  (31). 

Darenport,  H.  W.,  N.  Y.  and  N.  E.  R.  R.,  Iforwood,  Mass.  (80). 

Davis,  Miss  Anna  M.,  47  York  St.,  Cincincati,  Ohio  (30). 

Davis,  Miss  Carrie,  47  York  St.,  Cincinnati,  Ohio  (30). 

Davis,  Chartcs  C,  58  W.  8d  St.,  Cincinnati,  Ohio  (30). 

Davis,  G.  Pierrepout,  M.  D.,  Hartford,  Conn.  (29). 

Davis,  J.  J.,  M.  1>.,  Racine,  Wis.  (31). 

Davis,  Dr.  John,  323  Elm  St.,  Cincinnati,  Olilo  (30). 

Davis,  Dr.  John  L.,  42  York  St.,  Cincinnati,  Oliio  (30). 

Daris,  Leander  S.,  Baker  City,  Baker  Co.,  Oi*egon  (29). 

Davis,  Dr.  Wm.  B.,310  Elm  St.,  Cincinnati,  Ohio  (30). 

Davis,  Wm.  J.,  Center  and  Walnut  Sts.,  Loulsrille,  Ky.  (29). 

Davison,  E.  W.,  Box  120,  Baltimore,  Md.  (30). 

Davison,  Geo.  W.,  Box  12G,  Baltimore,  Md.  (30). 

Dawson,  Miss  Sarah  M.,  50  Sheridan  Avenue,  Roxbuiy,  Mass.  (39). 

Day,  Austin  G.,  120  Broadway,  New  York,  N.  Y.  (29). 

Day,  Mi-s.  Oliver  C,  Kansas  City,  Mo.  (29). 

Dayton,  L.  M.,  184  W.  2nd  St.,  Cincinnati,  Ohio  (81). 

Dean,  Dr.  1).  V.,  St.  Louis,  Mo.  (27). 

De  Beck,  Dr.  David,  Cincinnati,  Ohio  (30). 

DeCamp,  William  IL,  M.  D.,  Grand  Rapids,  Mich.  (21). 

De  Forest,  Henry  S.,  Talladega,  Ala.  (32). 

De  llass,  Dr.  Wills,  Bureau  of  Ethnology,  Washington,  D.  C.  (SO). 


:w  Bedford,  Moss.  (G). 
enton,  Ontario,  Can.  (31). 
don,  Oatarlo,  Can.  (31). 
,  Clyde.  Wnyoe  Co.,  N.  Y-  (20). 
ildent  C.CC.  &  r.R.U.,  Cleveland,  Oblo  (18). 
B.,  SmllbsODlan  Institution,  Washington,  D.  C. 

nati,  Oblo  (»0). 

Pb.  B.,  Somervllle,  Mass.  (29). 

rgeonU.  S.  N.,  Kavy  Dep't,  Washington, D.C. (31). 

219  E.  27th  St.,  New  York,  N.  Y-  (29). 

dge,  Mass.  (29). 

,  Santa  Barbara,  Cal.  (29). 

H.,jr.,  York.  Pa.  (*»). 

itawny  II.,  A.  and  M.,  College  of  Texas,  College 

>.,  Texas  (32). 

bridge,  Masa.  (1). 

jliammut  Avenue,  Boston,  Moss.  (39). 

.  Anbnrn.  Cincinnati,  Ohio  (30). 

.,  VauderblU  Univ.,  Nashville,  Tenn.  (SO). 

ashiiigton,  D.  C.  (31). 

,  Minneapolis,  Minn.  (29). 

.Chicago,  III.  (17). 

,  College  llill,  Mass.  (29).  , 

istlngs,  Minn.  (31). 

South  Bethlehem,  Pa.  (23). 

wborgii,  N.  Y.  (19). 

63  Pine  St.,  New  York,  N.  Y.  (81). 

9  Seventh  Ave.,  New  York,  N.  Y.  (81). 

s,  care  Wllllum  L.  Drowne,  Esq.,  Canaan  Foot 

ntreal.  Can.  (31). 
upolls,  Minn.  (31). 
)St.,NewYork.  N.  Y.  (29). 
Ithaca,  N.  Y.  (29). 

Tremont  Row,  Boston,  Mass.  (31), 

nclnnatl.  Ohio  (81). 

..,  28  Kearny  St.,  Ran  Francisco,  Cal.  (31). 

Ilolyoke  House,  Cambridge,  Mass.  (81). 

E.  fi7th  St.,  New  York,  N.  Y.  (30). 

.,  Spartanburg,  S.  C.  (3S). 

A.  n.,  care  Bedroril  Sione  Co..  Cleveland,  Ohio 

ilnnt  St.,  Cincinnati,  Oliio  (30).  [(80). 

«banon,  Ohio  (30). 

vrence.  Mass.  (22). 

1,  111.  (28). 


Xl  MEMBERS. 

Eastman,  Dr.  Arthar  M  ,  St.  Paui,  Minn.  (82). 

Eaton,  Harlow  W.,  Louisville,  Ky.  (32). 

Eaton,  Prof.  James  R.,  Liberty,  Mo.  (29). 

Eccles,  Robert  G.,  M.  D.,  94  Smith  St.,  Brooklyn,  N.  Y.  (31). 

Eddy,  C.  W.,  Ware,  Mass.  (29). 

Eddy,  Fred.  A.,  Bangor,  Me.  (29). 

Edmunds,  K.  S.,  Lock  Box  72,  La  Grange,  Ind.  (29). 

Edwards,  J.  Baker,  Montreal,  Can.  (31). 

Edwards,  J.  M.,  Marlborough,  Mass.  (29). 

Edwards,  J.  T.,  D.  D.,  Randolph.  N.  Y.  (31). 

Edwards,  J.  W.,  Delaware  Ave.  and  Green  St.,  Philadelphia,  Pa.  (32). 

Edwards,  Wni.  H.,  Coalburgh,  Kanawha  Co.,  W.  Va.  (30). 

Elder,  Mrs.  Susan  B.,  New  Orleans,  La.  (32). 

Elliot,  Dr.  A.  F.,  Minneapolis,  Minn.  (30). 

Elliott,  William,  care  Riggs  &  Co.,  56  Wall  St.,  New  York,  N.  Y.  (30). 

Ellis,  Wm.  Hodgson,  School  of  Practical  Science,  Toronto,  Canada  (25). 

Elmer,  H.  N.,  St.  Paul,  Minn.  (32). 

Elwyn,  Alfred  L.,  Philadelphia,  Pa.  (I). 

Ely,  Theo.  N.,  Supt.  Motive  Power,  Penn.  R.  R.,  Altoona,  Pa.  (29). 

Emerson,  Lowe,  cor.  John  and  Findlay  Sts.,  Cincinnati,  Ohio  (30). 

Emerson,  Samuel,  26  West  43d  St.,  New  York,  N.  Y.  (32). 

Emery,  Albert  H.,  Stamford,  Conn.  (29). 

Emmertou,  Mrs.  W.  IL,  Salem,  Mass.  (26). 

Encjemann,  Hermann,  Pli.  D.,  33  Nassau  St.,  New  York,  N.  Y.  (26). 

Enos,  Alanson  T.,  28  Mouroc  Place,  Brooklyn,  N.  Y.  (27). 

Estes,  Dana,  301  Washington  St.,  Boston,  Mass.  (29). 

Evans,  Dr.  Arthur  E.,  Cincinnati  Hospital,  Cincinnati,  Ohio  (80). 

Evans,  C.  S.,  care  Seth  Evans,  Clifton,  Flamilton  Co.,  Ohio  (30). 

Evans,  Edwin,  M.  D.,  Streator,  La  Salle  Co.,  111.  (30). 

Evans,  Henry  S.,  Montreal,  Can.  (SI), 

Everhart,  J.  F.,  M.  D.,  Zanesvllle,  Ohio  (29). 

Evers,  Dr.  Edw.,  1737  North  Market  St.,  St.  Louis,  Mo.  (28). 


Fallyer,  Prof.  George  H.,  Manhattan,  Kansas  (32). 

Fairfield,  Frank  H.,  30  Kilby  St.,  Boston,  Mass.  (31). 

Falconer,  Wm.,  Botanic  Garden,  Cambridge,  Mass.  (29). 

Fallon,  John,  Lawrence,  Mass.  (30). 

Fanning,  John  T.,  Manchester,  N.  H.  (29). 

Farden,  Thomas,  Rugby,  Tenn.  (32). 

Farnam,  Charles  H.,  New  Haven,  Conn.  (25). 

Farnam,  Prof.  J.  E.,  Georgetown  College,  Georgetown,  Ky,  (2^), 

Farnam,  William  W.,  New  Haven,  Conn.  (28). 

Farns worth,  P.  J.,  M.  D.,  Clinton,  Iowa  (32). 

Farquhar,  Edw.,  Asst.  Lib*n,  U.  S.  Patent  Office,  Washington,  D.C.  (29). 

Farr,  Henry  L.,  Rutland,  Vt.  (81). 

Farrar,  Miss  Elizabeth,  62  Lake  Ave.,  Rochester,  N.  Y.  (29). 


.  he: 

Mass.  iDst. 
roadway,  Cti 
6,  Plilladelpt 
,  Loudon,  Oi 

SIllUugtOD, 

I  Metcairu  Si 
IMcicalfb  S( 
1  St.,  Clnclii 
k.  Me.  (2D). 
Stale  Board 
hester,  N.  V. 
.Iveston,  Tei 
tford.  III.  C-'! 
irfolk,  Va.  (_< 
aucellor  of  ( 
Scliool  St.,  I 
,  Marlboro', 
i  W.  7th  St., 
Naval  Oliser 

au  U.  S.  Pat 
ID.  M.,  U.  8 
!i,  D.  C.  (28) 
nrtmoutli,  N 
Icvelaud,  Oil 
.  D.,  ICO  W. 
t  Orleans,  Li 
n  T.,  341  W. 
d.  Auburn,  !< 

jiirton,  N.  y 

D.,  OakUtid 
.,18  East  8l! 
Ens  ton,  Pa. 

.  7th  St.,  Cii 
:rldge,  Mont; 
1  Wesley  an  ' 
Jox  455,  Nev 
.,  Mlnueapol 
Nassau  St.,  I 
Baltimore,  ] 

'lIKDRIilCK,  J, 

,olH  B..  MilU. 
Coart  St.,  CI 
■ember ton  Si 
>.,  Universit) 
\,  Co  wans  vi 


Xlii  MEMBEBS. 

Gaffield,  Thomas,  Boston,  Mass.  (29). 

Oallaudet,  Edw.  M.,  Pres.  Nat.  Deaf  Mate  College,  Washington,  D.C.  (28). 

Gardiner,  Edw.  G.,  Boston  Soc.  Nat.  History,  Boston,  Mass.  (29). 

Gardiner,  Frederic,  Jr.,  Mlddlctown,  Conn.  (29). 

Gardner,  Rev.  Corliss  B.,  Rochester,  N.  Y.  (29). 

Gardner,  Joseph,  M.  D.,  Bedford,  Lawrence  Co.,  Ind.  (30). 

Garnett,  Algernon  S.,  M.D.,  Hot  Springs,  Arkansas  (23). 

Garrison,  H.  1).,  3625  Vincennes  Ave.,  Chicago,  111.  (31). 

Garth,  Charles,  Montreal,  Can.  (31). 

Gattinger,  August,  M.D.,  Nashville,  Tenn.  (26). 

(}ehring,  J.  Geo.,  363  and  365  Pearl  St.,  Cleveland,  Ohio  (29). 

Genth,  Fred.  A.,  Jr.,  428  South  40th  St.,  West  Philadelphia,  Pa.  (82). 

George,  Henry,  care  D.  Appleton  &Co.,  New  York,  N.  Y.  (29). 

George,  James  N.,  40  Pearl  St.,  Boston,  Mass.  (29). 

Geppert,  J.  P.,  M.  1).,  305  Race  St.,  Cincinnati,  Ohio  (30). 

Gest,  Mrs.  J.  J.,  114  Dayton  St.,  Cincinnati,  Ohio  (30). 

Geyer,  Wm.  E.,  Stevens  Inst.  Technology,  Hoboken,  N.  J.  (29). 

Ghequier,  A.  de,  Box  316,  Baltimore,  Md.  (30). 

Gianelli,  Chev*r  A.  M.  F.,  Italian  Consulate,  Montreal,  Can.  (81). 

Glauque,  Florien,  Cincinnati,  Ohio  (30). 

Gilbert,  Benj.  1).,  Ullca,  N.  Y.  (31). 

Gird  wood,  Gill>ert  P.,  28  Beaver  Hall  Terrace,  Montreal,  Can.  (81). 

Glsslcr,  Carl  F.,  Ph.D.,  63  Broadway,  Brooklyn  (E.  D.),  N.  Y.  (29). 

Gladding,  Thomas  S.,  Box  1261,  New  York,  N.  Y.  (30). 

Glasgow,  Wm.,  Jr.,  3016  Glasgow  Place,  St.  Louis,  Mo.  (27). 

Gleeson,  Thos.  W.,  109  Court  St.,  Boston,  Mass.  (31). 

Glenny,  William  H.,  Jr.,  Buffalo,  N.  Y.  (25). 

Glover,  Miss  Marie  O.,  321  Gates  Avenue,  Brooklyn,  N.  Y.  (29). 

Gold,  Theodore  S.,  West  Cornwall,  Conn.  (4). 

Goldsmith,  Edw.,  658  North  10th  St.,  Philadelphia,  Pa.  (29). 

Goodnow,  Henry  R.,  Johns  Hopkins  University,  Baltimore,  Md.  (22). 

Gk>rdon,  Prof.  Jos.  C,  Deaf  Mute  College,  Washington,  D.  C.  (27). 

Gordon,  Dr.  Thos.  W.,  Georgetown,  Ohio  (30). 

Gordon,  AV.  J.,  Cleveland,   )hio  (29). 

Gore,  James  H.,  ColumblSu  College,  Washington,  D.  C,  (29). 

Gottschalck,  Wilhelm  von,  M.  D.,  265  Benefit  St.,  Providence,  R.  L  (29). 

Gould,  Dr.  B.  A.,  Cordoba,  Argentine  Republic,  S.  A.  (2). 

Gould,  Sylvester  C,  Manchester,  N.  H.  (22). 

Graef,  Edw.  L.,  40  Court  St.,  Brooklyn,  N.  Y.  (28). 

Graf,  Louis,  Van  Buren,  Crawford  Co.,  Ark.  (30). 

Grafflin,  Col.  C.  L.,  Wilmington,  N.  C.  (30). 

Grant,  Angus,  Montreal,  Can.  (31). 

Grant,  Emory  A.,  Louisville,  Ky.  (30). 

Gratacap,  L.  P.,  Ph.B.,  M.  A.,  American  Museum  Natural  History,  Centnl 

Park,  New  York,  N.  Y.  (27). 
Gray,  Arthur  F.,  Danvcrsport,  Mass.  (29). 
Graydon,  Dr.  T.  W.,  239  W.  4th  St.,  Cincinnati,  Ohio  (80). 


HEKnEBS.  Xllli 

omer,  CortUnd  Co.,  N.  T.  (2S). 

,  No.  I  Columbus  Square,  Boston,  Mass.  (29)> 

I.  Mot.  Life  Ins.  Co.,  Ilartrord,  Codd.  (23). 

Martin  St.,  Milwaukee,  Wis.   (31). 

'.,  Henry  Cloj  P.  O-,  Del.  (31). 

West  St.,  Boston,  Mnss.  (i>g), 

M.  D.,  2m  W.  etb  St.,  CluclDuaU,  Ohio  (30). 
Konla,  Mich.  (25). 

89  Park  Bow,  New  York,  N.  Y.  (25). 
Javarrc,  Ohio  (24). 

C22). 

139  Front  St.,  New  York,  N.  Y.  (29). 

rani  Oil  Co.,  Kooston,  Texas  (29). 

'est  Farms,  Now  York,  N.  Y.  (81). 

le  St.,  Germaiilown,  I'a.  (27). 

.,  Box  66,  Brooklyn,  N.  Y.  (29). 

1  of  Hou.  J.  J.  Clarke,  Keullworth  St.,  RozbDry, 

D.  Albaoy,  N.  Y.  (82). 
0.,  Ottawa,  C»n.  (81). 
HaverforU,  Pa.  (31), 

.  B.,  249  East  81st  St.,  New  York,  N.  Y.  (81). 
i  Broadway,  New  York,  N.  Y.  (29). 
Laml  St.,  St.  Louis,  Mo.  (26). 
E.,  Laval  University,  Quebec,  Canada  (18). 
[otel  Hamilton,  Boston,  Mass.  (28). 
W.,  Hotel  Hamiltou,  Boston,  Mass.  (29). 
),  Mass.  (31). 

.  D.,  Lavrrenceburg,  Ind.  (30). 
liltoD,  Ontario,  Can.  (28). 
!132  O'Farrell  St.,  San  Francisco,  Cal.  (29). 
a,  Ottawa,  Can.  (31). 
iDnatl,  Ohio  (30). 
Bt  once  Dept.,  Ottawa,  Can.  (29). 
ille,  Warren  Co.,  Oblo  (80). 
[1,  Mass.  (27). 

'Ino  St.,  Room  20,  St.  Louis,  Ho.  (11). 
Mulberry  SI.,  Bloom ington.  111.  (29). 
».,  Fredericton.  N.  B.  (29). 
.,  Wyoming,  Ohio  (30), 
si.  Trinity  College,  Hartford,  Conn.  (22). 
iip't  Public  Schools,  Qrvensburg,  Ind.  (20). 
eetor,  111.  (30). 

1823  F  St.,  N.  W.,  Washington,  U.  C.  (31). 
leapolis,  Hinn.  (81). 
.D.,  Chicago  Medical  College,  Chicago,  lU.  (23). 


XliV  MEMBERS. 

Hathaway,  Nath*!,  School  of  Mines,  Columbia  College,  New  York,  N.  T. 
(30). 

Haupt,  Prof.  Lewis  M.,  University  of  Pennsylvania,  Philadelphia,  Pa. 
(32). 

Haven,  Franklin,  jr..  New  England  Trust  Co.,  Boston,  Mass.  (29). 

Hawkins,  Marion  S.,  CO  High  St.,  Nashville,  Tenu.  (26). 

Hayden,  Dr.  F.  V.,  IQIO  Arch  St.,  Philadelphia,  Pa.  ^29). 

Hayes,  Frauds  B.,  Boston,  Mass.  (29). 

Ha3es,  George  E.,  1125  Main  Street,  Buffalo,  N.  Y.  (15). 

Hayes,  llichard,  700  Chestnut  St.,  St.  Louis,  Mo.  (27). 

Haynes,  Henry  W.,  239  Beacon' St.,  Boston,  Mass.  (28). 

Haywood,  Prof.  John,  Oiterbeln  Univ.,  Westervllle,  Ohio  (80). 

Heckman,  Rev.  Geo.  C,  Avondale,  Cincinnati,  Ohio  (30). 

Hedge,  Fred.  H.,  jr..  Public  Library,  Lawrence,  Mass.  (28). 

Hedges,  Sidney  M.,  178  Devonshire  St.,  Boston,  Mass.  (29). 

Heighway,  A.  E.,  Cincinnati,  Ohio  (29). 

Heighway,  A.  E.,  Jr.,  86  West  7th  St.,  Cincinnati,  Ohio  (29). 

Heighway,  S.  C,  Cincinnati,  Ohio  (30). 

Heine,  Uev.  Colborne,  168  Mance  St.,  Montreal,  Can.  (31). 

Hemiup,  N.  IL,  Pence  Opera  House,  Itoom  1,  Minneapolis,  Minn.  (81). 

Henck,  J.  B.,  Jr.  (29). 

Henderson,  Miss  A.  M.,  Minneapolis,  Minn.  (82). 

Hendricks,  Henry  H.,  612  Fifth  Avenne,  New  York,  N.  Y.  (30). 
I  Hendricks,  J.  E.,  Des  Moines,  Iowa  (29). 

Henshaw,  Samuel,  Boston  Soc.  Nat.  Hist.,  Boston,  Mass.  (29). 
I  Hering,  Prof.  Dan*l  W.,  Westminster,  Md.  (30). 

Herman,  Joseph  E.,  Acushnet,  Bristol  Co.,  Mass.  (32). 
I  Herrick,  Clarence  L.,  Minneapolis,  Minn.  (31). 

!  Herrick,  F.  H.,  Burlington,  Vt.  (31). 

I  Hersey,  George  D.,  M.  D.,  261  Broad  St.,  Providence,  B.  I.  (29). 

IIertzl>erg,  Prof.  Constantine,  140  Duffleld  St.,  Brooklyn,  N.  Y.  (29). 

Hewitt.  Charles  N.,  Sec.  State  Bd.  of  Health,  Red  Wing,  Minn.  (31). 

Heys,  Thomas,  Toronto,  Can.  (29). 

Ilibbard,  Mbs  Sarah  E..  Montreal,  Can.  (31). 

Hickllng,  Daniel  P.,  301  Pennsylvania  Ave.,  Washington,  D.  C.  (32). 

Hicks,  John  D.,  Old  Westbury,  Queen's  Co.,  L.  L  (28). 

Hicks,  John  S.,  Roslyn,  N.  Y.  (31). 

Hicks,  Prof.  Lewis  E.,  Denlson  Univ.,  Granville,  Ohio  (31). 

Higginson,  John  A.,  260  Clarendon  St.,  Boston,  Mass.  (26). 
\  Hilder,  F.  F.,  1125  Bremen  Avenue,  St.  Louis,  Mo.  (26). 

^  Hildreih,  Dr.  John  L.,  37  Brattle  St.,  Cambridge,  Mass.  (29). 

Hill,  Dr.  H.  II.,  cor.  5th  and  Race  Sts.,  Cincinnati,  Ohio  (SO). 
I  Hill,  Miss  Lucy  A.,  Lowell,  Mass.  (29). 

Hills,  Joseph  L.,  157  K  St.,  South  Boston,  Mass.  (31). 

Hlnclvley,  Miss  Mary  H.,  Mattapan  Station,  Milton,  Mass.  (31). 

Hinds,  Prof.  J.  I.  D.,  Cumberland  Univ.,  Lebanon,  Tenn.  (26). 

Hingston,  Dr.  William  H.,  Montreal,  Can.  (81). 


KEUBEHS.  Xlf 

41  WeatSSiid  St..  New  Tork,  N.  T.  (29). 
Inrhet  St.,  St.  LouIr,  Mo.  (27). 
St„  cor.  Fedcrnl,  Boston,  Mass.  (29). 
•t,  Coun.  (28), 
Oreeiiup  Co.,  Kj.  (59). 
test.,  Cincinnati,  Olilo  (30). 

D..  Bureau  of  Ethnology,  Smithsonian  Instlta- 
).  C.  (30). 
Fort  Worth,  Texas  (26). 

B.,  Q.  M.  Gen.  U.  S.  A.,  Washington,  D.  C. 

ion,  Ohio  (30). 

7  Jefferson  St.,  Brooklyn,  N.  Y.  (2G). 
loleta.  111.  (29). 
;1,  Ohio  (32). 

I]  St.,  Clnclnnnti,  Ohio  (30). 
jnra  Falls,  N.  Y.  (19). 
clghton,  Staten  Island,  N.  Y.  (31). 
se.  Mattnpnn  Station,  Milton,  Mass.  (31) 
r  St.,  New  York,  N.  Y.  (20). 
fonshire  St.,  Boston,  Mass.  (29). 
x  3*,  Belvldere,  Warren  Co.,  K.  J.  (28), 
re,  Warren  Co.,  N.J.  (31). 
Cambridge,  Mass.  (29). 
1  St.,  New  York,  N.  Y.  (29). 
f..  Winoua,  Minn.  (32). 
Valentine  &  Co.,  323  P.'ari  St.,  New  York,  N.  Y. 

rinn  State  Library,  Albany,  N.  Y.  (II). 

ly,  N.  Y.  (31). 

■ ;  Box  81,  F;iirfleld,  Franklin  Co.,  Ind.   (30). 

opoUs,  Minn.  (30). 

:nee,  Mass.  (29). 

flinty  St.,  New  Bedford,  Mass.  (29). 

tstlngs-on- Hudson,  N.  Y.  (30). 

)5  Summer  St.,  Burlington,  Iowa  (2t% 

:s-on-IIudson,  N.  Y.  (29). 

ue,  Iowa  (21). 

,  D.D.,  Cheshire,  Conn.  (28). 

:;hurcli  St.,  Boston,  Muss.  (20). 

in.Va.  (31). 

lynesviUe,  Warren  Co,,  Ohio  (80). 

rrtsonvllle.  Mo.  (26). 

7th  St.,  Cincinnati,  Ohio  (SO). 

170  W.  9ih  St.,  Cincinnati,  Ohio  (80). 

New  Haven,  Conn.  (31). 

,  Cincinnati,  Ohio  (28). 


Xlvl  XEXBESI. 

Howell,  Edwin  E.,  Hocbester,  N.  Y.  (25). 

Howland,  Edw.  P.,  211  41  St.,  Washington,  D.  C.  (29). 

Hubbard,  George  W.,  M.D.,  Nashville,  Tenn.  (26). 

Hadson,  George  II.,  Plattsburgh,  Clinton  Co.,  N.  Y.  (81). 

Haling,  Ray  G.,  Fltchbarg,  Mass.  (31). 

Hnlst,  Rev.  Geo.  D.,  16  Hlmrod  St.,  Brooklyn,  N.  Y.  (29). 

Humphrey,  D.,  M.D.,  Lawrence,  Mass.  (18). 

Humphreys,  A.  W.,  Box  1384,  New  York,  N.  Y.  (20). 

Humphreys,  Fred  IL,  M.  ]>.,  109  Fulton  St.,  New  York,  N.  Y.  (80). 

Humphreys,  Dr.  Frederick,  100  Fulton  St.,  New  York,  N.  Y.  (29). 

Hungerford,  Edward,  Burlington,  Vt.  (81). 

Hunt,  A.  M.,  Cadet  Eugr.  U.  S.  N.,  Navy  Dept.,  Washingtod,  D.  C.  (29). 

Hunt,  Harry  J.,  41  E.  3d  St.,  Cincinnati,  Ohio  (30). 

Hunt,  Jacob  IL,  M.  D.,  41  E.  3d  St.,  Cincinnati,  Ohio  (30). 

Hunt,  Miss  Sarah  E.,  Salem,  Mass.  (20). 

Huntington,  Prof.  Chester,  Clinton,  Oneida  Co.,  N.  Y.  (26). 

Huntington,  George  H.  (30). 

Hurd,  £.  O.,  4  W.  3d  St.,  Cincinnati,  Ohio  (30). 

Hutchluson,  Charles  W.,  Utica,  N.  Y.  (31). 

Hutchinson,  Prof.  J.  C,  Monmouth,  Warren  Go.,  111.  (32). 

Hyatt,  Jonathan  D.,  Morrlsanla,  N.  Y.  (29). 

Hyatt,  Col.  Theodore,  Pres.  Penn.  Militaiy  Acad.,  Chester,  Pa.  (80). 

Hyde,  Alfred  T.  (80). 

Iddings,  Joseph  P.,  Orange,  N.  J.  (31). 

Hes,  George,  Windsor  Hotel,  Montreal,  Can.  (81). 

Ives,  Hubert  R.,  791  Sherbrooke  St.,  Montreal,  Can.  (31). 

Jack,  John  G.,  Chateauguay  Basin,  P.  Q.,  Can.  (31). 

Jackson,  Chas.  C,  24  Congress  St.,  Boston,  Mass.  (29). 

Jackson,  Frederick,  Newton,  Mass.  (29). 

Jacobs,  Mrs.  Sarah  B.,  Bulflnch  St.,  Boston,  Mass.  (29). 

Jacques,  Wm.  W.,  95  Milk  St.,  Boston,  Mass.  (29).  [Fa.  (29). 

James,  Bushrod  W.,  M.  D.,  N.  £.  cor.  18th  and  Green  Sts.,  Philadelphia, 

James,  Davis  L.,  177  Race  St.,  Cincinnati,  Ohio  (30). 

James,  Fredeiick  H.,  M.  D.,  Lancaster,  N.  Y.  (25). 

James,  Henry,  M.  D.,  City  Belleville,  Ontario,  Can.  (29). 

James,  Mrs.  Isabella,  Brattle  St.,  Cambridge,  Mass.  (31). 

Janney,  Reynold,  Wilmington,  Clinton  Co.,  Ohio  (30). 

Jayne,  Horace  F.,  1826  Chestnut  St.,  Philadelphia,  Pa.  (29). 

Jefferson,  T.  E.,  Hudson,  Wis.  (32). 

Jenkins,  Prof.  Oliver  P.  (30). 

Jenney,  Herbert,  cor.  4th  and  Walnut  Sts.,  Cincinnati,  Ohio  (30). 

Jesup,  Morris  K.,  62  William  St.,  New  York,  N.  Y.  (29). 

Jewett,  Henry  S.,  M.  D.,  21  S.  Ludlow  St.,  Dayton,  Ohio  (30). 

Johnson,  Arthur  B.,  Utica,  N.  Y.  (29). 

Johnson,  Prof.  Hosmer  A.,  Academy  of  Sciences,  Chicago,  III.  (22). 

Johnston,  Miss  Elizabeth  B.,  937  K  St.,  Washington,  D.  C.  (80). 


xMi 

^onnsel  at  Law,  1437  F  St.,  WuhlDgton,  D.  C. 

bee,  Can.  (33). 

I.  N.  Y.  (82). 

:are  Supt.  Cioclnnatl  Hospital,  ClDClnnati,  Ohio 

d,  Ue.  (29). 
elaware,  Ohio  (80). 
lugton  Ave.,  Hartford,  Conn.  (81). 
Uuiveraity  of  MUaleslppi,  Oxford,  Mlsa.  (26). 
>f  Eiigrs.  U.  S.  A.,  Preeldlo  of  Sao  Fraoclsco 

QloomlDgton,  Ind.  (31). 

ent  St..  Montreal,  Can.  (31). 

5  Broadwny,  New  York,  N.  Y.  (29). 

;i]i  and  Mound  St9..  CInclunati,  Ohio  (30). 

iry.  New  York,  N.  Y.  (29). 

rdvllle,  DutcheBS  Co.,  N.  Y.  (28). 

inKebler.  Cinclnnall,  Olilo  (30). 

'29  CliestDUt  St.,  Philadelphia,  Pa.  (29), 

I  Elm  St.,  Clnclnnuil,  Ohio  (30). 

erliill,  Ifass.  (33). 

ilo,  N.  Y.  (31). 

,Plalt8bDrgh,N.  Y.  (29). 

I  Terrace,  Troy,  N.  Y.  (29). 
Battle  Creek,  Mich.  (24). 

■.,  Clinton,  N.Y.  (29). 

Broadway,  Cincinnati,  Ohio  (80). 
A.,  Brookllne,  Mass.  r29). 
'.,  Kings  Cotlcse,  Windsor,  N.  S.  (29). 
'crsity  St.,  Montre.il,  Can.  (31). 
It.  of  Technology,  Boston,  Mass.  (29). 
agle  St.,  Enat  Boston,  Mass.  (29). 
lulllllls,  Cincinnati,  Qlilo  (80). 
t.,  Boston,  Mass.  (29). 
[tpolls,  Miun.  (32). 

isloner  of  Agile,  Nashville,  Tenn.  (20). 
itnonwealtti  Hotel,  Uoston,  Mass.  (30).     ■ 
ockcrble  St,  Indlanipolls,  lad.  (20). 
16  13tb  St.  N.  W.,  Washington,  U.  C.  (29). 

Wis.  (82). 
m,  Mass.  (28). 
■d.  Conn.  (81). 

II  Madison  St.,  Rochester,  N.  Y.  (IB), 
tonth  Seventh  St.,  St.  Loals,  Mo.  (91). 
nto,  Ontario,  Can,  (31). 


Xlviii  MEHBEHS. 

KIrkpatrIck,  James  A.,  1188  GIrarcl  St.,  Philadelphia,  Pa.  (7). 

Kitchcll,  John  W.,  Paua,  Christian  Co.,  III.  (32). 

Kite,  Thomas,  27  Johnston's  Building,  Cincinnati,  Ohio  (5). 

Kleluschmidt,  John  L.  (2D). 

Knapp,  Frederick  N.,  Plymouth,  Mass.  (19). 

Knapp,  Prof.  Seaman  A.,  Ames,  Iowa  (82). 

Knight,  Prof.  Charles  M.,  Akron,  Ohio  (29). 

Knight,  Miss  Elizabetli  G.,  125  Kast  54th  St.,  New  York,  K.  T.  (81). 

Knight,  Walter  H.,  Washington,  D.  C.  (30). 

Knowlton,  Wm.  J.,  168  Tremont  St.,  Boston,  Moss.  (29). 

Kocsis,  Alexander,  Livingston,  Guatemala  (2G). 

Lacoe,  R.  D.,  Plttston,  Pa.  (31). 

Ladd,  Wm.  H.,  Cliauncy  Hall  School,  259  Boylston  St.,  Boston,  Mass 

(29). 
Laflamme,  Prof.  J.  C.  K.,  Laval  Univ.,  Quebec,  Can.  (29). 
Laist,  Otto,  Cincinnati,  Ohio  (30). 

Lakes,  Prof.  Arthur,  State  School  of  Mines,  Golden,  Col.  (26). 
Lamb,  Mrs.  Martha  J.,  Coleman  House,  New  York,  N.  Y.  (29). 
Lamborn,  Robert  H.,  Ph.  D.,  47  William  St.,  New  York,  N.  Y.  (28). 
Landreth,  Prof  Olin  IL,  Vanderbllt  Univ.,  Nashville,  Tenn.  (28). 
Lane,  Jonathan  A.,  Boston,  Mass.  (29). 

Langenbeck,  Karl  W.,  cor.  7th  and  Vine  Sts.,  Cincinnati,  Ohio  (30). 
Larimer,  James  E.,  Lawrenceburg,  Ind.  (30). 
Larkln,  Frederick,  M.  D.,  Randolph,  N.  Y.  (28). 
Lathrop,  J.  C,  Bridgeport,  Conn.  (31). 

Latimer,  Charles,  Chief  Eng.  N.  Y.  P.  and  O.  II.  B.,  Cleveland,  Ohio  (31). 
Latour,  Major  L.  A.  Huguet,  36  McGill  College  Ave.,  Montreal,  Can.  (31) 
Laudy,  Louis  H.,  School  of  Mines,  Columbia  College,  New  York,  N.  Y 

(28). 
Lawrence,  Hon.  Edw.,  Pres't  Bunker  Hill  National  Bank,  CharlestowD, 

Mass.  (18). 
Laws,  Miss  Annie,  100  Dayton  St.,  Cincinnati,  Ohio  (30). 
Lawson,  George,  LL.  D.,  Halifax,  N.  S.  (81). 
Lawson,  Prof.  Victor  F.,  Chicago,  111.  (32). 
Lea,  John  McCormlck,  Nashville,  Tenn.  (26). 
Learned,  Rev.  J.  C,  1748  Wuverly  Place,  St.  Louis,  Mo.  (27). 
Leavenworth,  Francis  P.,  Mt.  Lookout,  Hamilton  Co.,  Ohio  (30). 
Le  BoiUillier,  Charles  A.,  M.  D.,  Cincinnati,  Ohio  (30). 
Ledyard,  L.  W.,  Cazenovia,  Madison  Co.,  N.  Y.  (29). 
Lee,  Prof.  Leslie  A.,  Bowdoin  College,  Brunswick,  Me.  (29). 
Lee,  Prof.  Wm.,  2111  Penna.  Avenue,  Washington,  D.  C.  (29). 
Leete,  James  M.,  M.D.,  2912  Washington  Avenue,  St.  Louis,  Mo.  (27). 
Leffmann,  Henry,  M.  D,  S.  E.  cor.  13th  and  Locust  Sts.,  Phlladelpbia. 

Pa.  (31). 
Lehman,  G.  W.,  Ph.  D.,  67  So.  Gay  St.,  Baltimore,  Md.  (80). 
Leland,  Eugene  R.,  P.  O.  Box  2304,  New  York,  N.  Y.  (25). 
Lemp,  Wm.  J.,  cor.  Cherokee  and  2nd  Carondelet  Ave.,  St.  Louis,  Ho.  (27) 


MEHBEBS.  Zlix 

Broctpott,  N.  T.  (31). 

„  244  W.  SStli  St.,  New  York.  N.  T.  (82). 

<  Tth  St.,  Cincinnati,  Ohio  (30). 

luLti  Fonrth  St.,  Fbllftdclpbia,  Pa.  (S). 

Inffalo.  N.  Y.  (23). 

:.  of  Interior,  Quebec,  Can.  (81). 

yienton.  Mo.  (27). 

!^mmercla1  St.,  Boston,  Mass.  (!9). 

St.  Mark's  Ave.,  Brooklyn,  N.  Y.  (28). 

:etown,  D.  C.  (31). 

'rlDcelon,  N.  J.  (29). 

Exchange  Place,  Baltimore,  Md.  (80). 

S.,  Sec'y  Univ.  of  Nasbrllle,  KashTllle,  T«nn.  (2G). 

are  GrafT,  Bennett  &  Co.,  St.  Lonia,  Mo.  (27). 

«al,  Can.  (3l)- 

.  C,  24  Nortli  Avenue,  Cambridge,  Mass.  (29). 

inatl,  Ohio  (30). 

oaisville,  K;.  (31). 

L.  and  N.  B.  B.,  Marehalls  Ferry,  While  Co.,  III. 

il  B.  15th  St.,  New  York,  N.  Y.  (29). 
ster,  N.  Y.  (23). 
ington,  Vt.  (31). 
Chester,  8,  C.  (28). 
Colorado  Springs,  CoL  (29). 
),  B.,  Now  Haven,  Conn.  (31). 
York.N.  Y.  (31). 

1 T.,  Washburn  College,  Topcka,  EanBos  (SS). 
Slip,  New  York,  N.  Y.  (29). 
ita,  Gn.  (SO). 

3oan  St.,  Boston,  Moss.  (29). 
St.,  Boston,  Mass.  (29). 
.  8th  St.,  Cincinnati,  Ohio  (SO). 
■smark.  Pa.  (29). 
D,  Iowa  (81). 
•m  2,  Unlvcrsltj  Bailding,  Washington  84.,  New 

inl.  Can.  (31). 
Vaterville,  Me.  (22)- 
Northampton,  Moss.  (IS). 
rIcTavIsb  St.,  Montreal,  Can.  (29). 
e,  P.  Q.,  Can.  (81). 

,Troy,N.  Y.  (19). 

Bnrean  of  Ethnology,  Washington,  D.C  (29). 
lid  D.,  2114  17th  Ave.  S.,  Minneapolis,  Minn.  (32). 
Salem,  Moss.  (21). 
.63  W.  7th  St.,  Cincinnati,  Ohio  (SO). 
Ezxn.  D 


1  MEMBERS. 

Macomber,  Albert  E.,  Toledo,  Ohio  (30). 

Macomber,  Isaac  B.,  Portsmoath,  R.  I.  (29). 

Macy,  Arthur,  C.  E.,  Silver  King,  Pinal  Co.,  Arizona  Terr.  (26). 

Mager,  W.,  57  So.  Gay  St.,  Baltimore,  Md.  (80). 

Maine,  Henry  C,  Rochester,  N.  Y.  (29). 

Major,  Dr.  George  W.,  Montreal,  Can.  (31). 

Makeevcr,  John  L.,  Osceola,  Polk  Co.,  Neb.  (32). 

MalUnckrodt,  Edw.,  P.  O.  Sub-Station  A,  St.  Louis,  Mo.  (29). 

Mann,  Miss  M.  P.,  Troy  Seminary,  Troy,  N.  Y.  (28). 

Manning,  Richard  C,  Salem,  Mass.  (29). 

Manning,  Richard  IL,  Brooklyn,  N.  Y.  (29). 

Manning,  W.  II.,  Reading,  Mass.  (31). 

Mansfield,  I.  F.,  Cannelton,  Beaver  Co.,  Pa.  (82). 

Mansfield,  J.  M.,  Mt.  Pleasant,  Iowa  (25). 

Marble,  J.  Russcl,  Worcester,  Mass.  (31). 

Marble,  Miss  Sarah,  Woonsocket,  R.  I.  (29). 

Marcy,  Henry  O.,  M.  D.,  G90  Main  St.,  Cambridge,  Mass.  (28). 

Marlcr,  George  L.,  Montreal,  Can.  (31). 

Marsden,  Samuel,  907  Clay  Ave.,  St.  Louis,  Mo.  (27). 

Marshall,  William  I.,  Fitchburg,  Mass.  (27). 

Martin,  Prof.  B.  N.,  23(5  W.  4th  St.,  New  York,  N.  Y.  (28). 

Martin,  Mrs.  Lillie  J.,  IG  Burton  Place,  Chicago,  111.  (82). 

Martin,  Prof.  William  J.,  Davidson  College,  N.  C.  (81). 

Martindale,  Isaac  C,  Camden,  N.  J.  (26). 

Marvin,  Hon.  Wm.,  Skancateles,  N.  Y.  (28). 

Mason,  Norman  N.,  Providence,  R.  I.  (29). 

Mason,  Dr.  William  P.,  Troy,  N.  Y.  (31). 

Mathews,  Robert,  28  Spring  St.,  Rochester,  N.  Y.  (26). 

Matlack,  Charles,  Gci*raantown,  Pa.  (27). 

Mattlson,  Joseph  G.,  Ilastings-on- Hudson,  N.  Y.  (SO). 

Maxwell,  Geo.  M.,  Wyoming,  Hamilton  Co.,  Ohio  (30). 

May,  Miss  Abby  W.,  3  Exeter  St.,  Boston,  Mass.  (29). 

May,  Addison,  West  Chester,  Pa.  (29). 

May,  John  J.,  Box  5213,  Boston,  Mass.  (29). 

Mayer,  William  G.,  Cincinnati,  Ohio  (80). 

Mays,  Dr.  Thos.  J.,  Upper  Lehigh,  Pa.  (29). 

McAdams,  Wm.,  jr.,  Otterville,  111.  (27). 

McAlpln,  William,  133  Broadway,  Cincinnati,  Ohio  (80). 

Mc  Cabe,  Thomas,  Patent  Office,  Ottawa,  Can.  (32). 

McChcsncy,  Charles  E.,  M.  D.,  U.  S.  A.,  Fort  Bennett,  Dakota  Terr. 

(30). 
McClellan,  Miss  Fanny,  Oxford,  Ohio  (80). 
McClung,  Calvin  M.,  Knoxville,  Tenn.  (26). 
McCook,  Rev.  Henry  C,  Philadelphia,  Pa.  (29). 
McCutchen,*  Aug.  R.,  La  Fayette,  Ga.  (25). 
McDonald,  Prof.  Marshall,  Lexington,  Va.  (29). 
McFadden,  Prof.  L.  H.,  Westerville,  Ohio  (82). 


HBUBEBB.  li 

Irbor,  Mich.  (32). 
>.,  Elllcott  City,  Md.  (80). 
:;;oI1ege  station,  Texas  (31). 
Paul  St.,  Montreal,  Cap.  (31). 
Alex.  Moore,  No.  3  School  St.,  Boston,  Mass. 

tnl.  Can.  (81). 

town,  P.  Q.,  Can.  (31). 

er  V.  S.  N.,  Naval  Academy,  Annapolis,  Md.  (28). 

ir,  Tenn.  (2C). 

^ton,  N.  J.  (32). 

..  III.  (20). 

1  St.,  New  York,  N.  Y.  (29). 

;llow  Springs,  Greene  Co.,  Olilo  (80). 
mautoWD,  Pa.  (20). 
Pcorl  St.,  Cincinnati,  Ohio  (30). 
JDUlS,  Mo.  (27). 

,  St.  Xavler  College,  Cincinnati,  Oblo  (80). 

apoUs,  Minn.  (31). 

ast  Wejinoulh,  Mass'.  (20). 

2  Shawmut  Avenue,  Boston,  Moss.  (29).  ' 
New  Orleans,  La.  (29). 

Rutgers  College,  New  Brunswick,  N.  J.  (29). 
E.,  Ph.  D.,  Bethlcliem,  Pa.  (32). 
EI.,  V.  S.  n.  M.,  8  Bowling  Green,  New  York,  N. 

MT.  Gth  and  Race  Sta.,  Cincinnati,  Oblo  (30). 
tnd  Military  Academy,  Worcester,  Mass.  (20). 

MadisonvUlc,  Hamilton  Co.,  Ohio  (30). 
id.  Mas.,  Washinglon,  D.  C.  (p). 

KewYork,  N.  Y.  (29). 

I.  AgrlcColl.,  Amherst,  Maaa.  (29). 

ingTlew  Asylam,  Carthage,  Hamilton  Co.,  Ohio 

ip  St.,  Covington,  Ky.  (30). 
Itlraore  St.,  Baltimore,  Md.  (29). 
Liberty,  Mo.  (32). 
1  St.,  New  York,  N.  Y.  (29). 

II.  (22). 
Ohio  (2C). 

ilph,  Ontario,  Can.  (31). 

cal,  Can.  (31). 

Iton,  Ontario,  Can.  (81). 

ilsbcrg  Square,  Boston,  Mass.  (82). 

6  Marlborough  St.,  Boston,  Mass.  (29). 

rer,  N.  H.  (29). 

19  Bareao,  Washington,  D.  C.  (31). 


lii  MEMBEBS. 

Moat,  Robert,  Montreal,  Can.  (31). 

Moflktt,  George  T.,  M.  D.,  D.  M.  D.,  132  Boylston  St.,  Boston,  Mass.  (25). 

Mohr,  C.  A.,  Mobile,  Ala.  (SO). 

Mohr,  Charles,  Mobile,  Ala.  (30). 

Mobr,  Miss  Emily,  Cincinnati,  Obio  (80). 

Mohr,  Miss  Marie,  Cincinnati,  Ohio  (80). 

Mohr,  Paul,  Cincinnati,  Ohio  (30). 

Moliner,  Adolfo,  530  Cerro,  Havana,  Cuba  (28). 

Molson,  John,  Montreal,  Can.  (31). 

Molson,  John  H.  R.,  Montreal,  Can.  (31). 

Montgomery,  Henry,  536  Ontario  St.,  Toronto,  Can.  (29). 

Mooar,  Daniel,  Keokuk,  Iowa  (27). 

Moody,  Mrs.  Mary  B.,  M.D.,  187  N.  Pearl  St.,  Bnfiklo,  N.  T.  (15). 

Moore,  Alex.,  3  School  St.,  Boston,  Mass.  (29). 

Moore,  Alvin  H.,  Magog,  P.  Q.,  Can.  (31). 

Moore,  E.  C,  care  Tiffany  &  Co.,  New  York,  N.  Y.  (30). 

Morehouse,  George  W.,  Wayland,  Steuben  Co.,  N.  Y.  (24). 

Morey,  Rev.  A.  B.,  Cincinnati,  Ohio  (30). 

Morgan,  James  E.,  M.  D.,  905  £  St.,  N.  W.,  Washington,  D.  C.  (80). 

Morgan,  Mrs.  Mary  E.,  95  So.  Fltzhugh  St.,  Rochester,  N.  Y.  (31). 

Morgan,  Wm.  F.,  1  East  40th  St.,  New  York,  N.  Y.  (27). 

Morlson,  Dr.  N.  H.,  Provost  of  Peabody  Institute,  Baltimore,  Md.  (17). 

Morison,  Harrison  G.  O.,  Minneapolis,  Minn.  (32). 

Morlson,  Rebecca  N.,  Minneapolis,  Minn.  (32). 

Morrice,  D.,  Montreal,  Can.  (31). 

Morrison,  Nathan  J.,  Springfield,  Mo.  (29). 

Morse,  Charles  J.,  Youngstown,  Ohio  (31). 

Morse,  H.  L.,  M.  D.,  Park  Square,  Boston,  Mass.  (81). 

Morse,  Mrs.  Mary  J.,  57  Jackson  St.,  Lawrence,  Mass.  (29). 

Mortimer,  Capt.  John  H.,  care  of  F.  Habirahaw,  113  Maiden  Lane,  Neir 

York,  N.  Y.  (31). 
Morton,  Miss  Anna  J.,  1800  Michigan  Ave.,  Chicago,  111.  (31). 
Moser,  Lieut.  Jeff.  F.,  U.  S.  N.,  Slatington,  Pa.  (28). 
Mosgrove,  Samuel  M.,  M.  D.,  Urbana,  Ohio  (30). 
Mott,  Dr.  H.  A.,  Jr.,  105  Water  St.,  New  York,  N.  Y.  (27). 
Mowry,  Wm.  A.,  49  Snow  St.,  Providence,  R.  I.  (29). 
Miihlberg,  William,  Race  and  Elder  Sts.,  Cincinnati,  Ohio  (30). 
Mulr,  John,  Martinez,  Cal.  (22). 

Muir,  William,  1395  St.  Catherine  St.,  Montreal,  Can.  (31). 
Miiller,  Herman  E.,  M.  D.,  Oakland,  Cal.  (32). 
Munn,  John  P.,  M.  D.,  18  West  58th  St.,  New  York,  N.  Y.  (31). 
Muuro,  Rev.  A.  H.,  340Bleury  St.,  Montreal,  Can.  (31). 
Murdoch,  John,  105  Walnut  Avenue,  Roxbury,  Mass.  (29). 
Murdock,  Lieut.  J.  B.,  U.  S.  N.,  Univ.  of  Penn.,  Philadelphia,  Pa.  (28). 
Murphy,  Edward,  405  St.  Paul  St.,  Montreal,  Can.  (31). 
Murphy,  Patrick  J.,  Columbia  Hospital,  Washington,  D.  C.  (30). 
Murray,  Rev.  Dr.  J.  Clark,  ill  Mackay  St.,  Montreal,  Can.  (31). 


.,  KIrkwood,  Ho.  (29). 

iclnaati,  Ohio  (30). 

?,  WestVa.  (30). 

sIBc  Gatmo  Co.,  Boston,  Mass.  (SO). 

North  St.,  St.  Paal,  MIdq.  (29). 

04t  Laliijctte  AveDoe,  St.  Louis,  Ho.  (30). 

oaarer,  Nashville,  Tenn.  (26). 

latl,  Ohio  (SO). 

i8  South  St.,  New  York,  N.  Y.  (30). 

,  LoQlsvUle,  Ky.  (2»). 

polls,  MlDD.  (81). 

iO,  117  Broadway,  New  York,  N.  Y.  <80). 

JOS  Waslilngton  Ave.,  St.  Louis,  Ho,  (81). 

y  Esther,  West  Fla.  (7). 

Comdr,  U.  S.  N.,  Box  967,  San  Francisco,  Cal. 

Koozvllle,  TenD.  (26). 
hlladelphla,  Pa.  (2D). 
Newport,  B.  1.(29). 

,  Moss.  Inst,  of  Technology,  Boston,  Haas.  (29). 
,  Cincinnati,  Ohio  (31). 

0..  Univ.  of  Tennessee,  KnoxvUle,  Tenn.  (82). 
irg,  Fayette  Co.,  West  Va.  (29). 

!Tly,  Hass.  (31). 

S.  N.,  Naval  Acad.  Annapolis.  Md.  (31). 
9  W.  46th  St.,  New  York,  N.  Y.  (22). 
rinss.  Inst.  Technology,  Boston,  Hass.   (29). 
Crackeu  Co.,  Ky.  (27). 
r  T.,  Princeton,  N.  J.  (32). 
llik  St.,  Boston,  Mass.  (29). 
or,  Mus.  of  Weslcjan  Univ.,  Middletown,  Conn. 

Iowa  (32). 

raterville,  Oneida  Co.,  N.  Y.  (19). 

rvUle,  Oneida  Co.,  N.  Y.  (19). 

Jem,  Mass.  (29). 

ilcm,  Moss.  (31). 

ati,  Ohio  (30). 

Mayor  of  St.  Louis,  St.  Lonis,  Mo.  (27). 

:th  St.,  Bui'llugtoD,  Vt.  (31). 

1  and  John  Sts.,  Cincinnati,  Ohio  (SO). 

,  Box  223,  Mauch  Chunk,  Carbon  Co.,  Pa.  (SO), 
ten,  N.  J.  (29). 


liv  MEMBEBfl. 

PalDe,  Charles,  15  Broad  St.,  New  York,  N.  T.  (22). 

Paine,  Sidney  B.,  P.  O.  Box  838,  Fall  River,  Mass.  (80). 

Palmer,  Miss  Alice  W.,  Bellevue  St.,  Roxbury,  Mass.  (27). 

Palmer,  Rev.  BenJ.  M.,  Box  1628,  New  Orleans,  La.  (21). 

Palmer,  Dr.  Edward,  Smithsonian  Institution,  Wasliington»  D.  C.  (22). 

Palmer,  Miss  Mary  T.,  Bellevne  St.,  Roxbury,  Mass.  (80). 

Pardee,  Walter  S.,  Minneapolis,  Minn.  (82). 

Parsons,  Henry  B.,  3G  East  30th  St.,  New  York,  N.  Y.  (30). 

Parsons,  S.  S.,  Lodi,  Medina  Co.,  Ohio  (30). 

Patrick,  Dr.  J.  J.  R.,  Belleville,  St.  Clair  Co.,  III.  (27). 

Patton,  William  II.,  Waterbury,  Conn.  (29). 

Paul,  Caroline  A.,  M.D.,  Ylncland,  Cumberland  Co.,  N.  J.  (28). 

Payne,  A.  R.,  Price's  Hill,  Cincinnati,  Ohio  (30). 

Peabody,  Cecil  H.,  Champaign,  III.  (32). 

Peabody,  Prof.  8.  H.,   Regent  Illinois  Industrial  Univ.,  Champaign,  Ul. 

(30). 
Pearson,  Rev.  Arthur  H.,  Northfleld,  Minn.  (32). 
Peaslec,  Prof.  John  B.,  Supt.  Public  Schools,  Cincinnati,  Ohio  (30). 
Peck,  W.  A.,  C.  E.,  Surveyor  General's  Office,  Denver^  Col.  (19). 
Peelor,  David,  Johnstown,  Cambria  Co.,  Pa,  (30). 
Peet,  Emerson  W.,  Chicago,  III.  (32). 
Peffer,  George  P.,Pewaukee,  Wis.  (32). 
Pelrce,  BenJ.  O.,  jr.,  Beverly,  Mass.  (29). 
Peirce,  Prof.  C.  S.,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (30). 
Pelrce,  Cyrus  N.,  D.D.S.,  1415  Walnut  St.,  Philadelphia,  Pa.  (81). 
Peirce,  Prof.  James  M.,  Cambridge,  Mass.  (28). 
Pennock,  Edw.,  924  Chestnut  St.,  Pliiladelphla,  Pa.  (29). 
Percy,  H.  C,  Norfolk,  Va.  (32). 

Perkins,  Autiiuu,  49  Woodland  St.,  Hartford,  Conn.  (31). 
Perkins,  Prof.  Herbert  B.,  Appletou,  Wis.  (32). 
Perry,  Hon.  Aaron  F.,  Cincinnati,  Ohio  (30). 
Peter,  Alfred  M.,  Lexington,  Ky.  (29). 
Peters,  Judge  Thos.  M.,  Moulton,  Ala.  (29). 
Pettee,  Prof.  C.  H.,  Hanover,  N.  H.  (31). 
Phelps,  A.M.,  M.  D.,  Chateaugay,N.  Y.  (31). 
Phelps,  Mrs.  Almlra  Lincoln,  Baltimore,  Md.  (13). 
Phelps,  George,  Nashua,  N.  H.  (31). 
Philbrlck,  Edw.  S.,  Brookline,  Mass.  (29). 
Phillips,  Henry,  jr.,  320  South  11th  St.,  Philadelphia,  Pa. 
Phillips,  John  C,  cor.  Berkeley  &  Marlborough  Sts.,  Boston,  Mass.  (29) 
Phln,  John,  Ed.  Am.  Journ.  Micros.,  14  Dey  St.,  New  York,  N.  Y.  (25). 
Pickett,  Dr.  Thos.  E.,  Maysville,  Mason  Co.,  Ky.  (25). 
Plgnolet,  Louis  H.,  104  Famille  St.,  Montreal,  Can.  (31). 
Pike,  J.  W.,  Viiiehind,  N.  J.  (29). 
Pike,  W.  A.,  Univ.  of  Minn.,  Mlnneaix>lis,  Minn.  (^29). 
PlUsbury,  John  H.,  84  Avon  Place,  Springfield,  Mass.  (23). 
Plukcrton,  T.  H.,  M.D.,  Oakland,  Alameda  Co.,  Cal.  (27). 


MEUBERS.  It 

g  Island  City,  N.  Y.  (20). 

Madlaon  Avenue,  New  York,  H.  T.  (29). 

oioervUte,  Moss.  (20). 

leo  M.,  College  Hill,  Ma«8.  (20). 

U.,  138  College  St.,  Buffalo,  N.  Y.  (23). 

ulnut  St.,  Fl]lladelphl:i,  Fa.  (32). 

t.,  246  Broadway,  Now  Yorh,  N.  Y.  (23). 

I,  Buflito.  N.  T.  (32). 

Prluce  Arthur  St.,  Montreal,  Canada  (22). 

State  Univ.  Minneapolis,  Minn.  (32). 
iDdflle,  Hamilton  Co.,  Ohio  (30). 
,  Hamilton,  BntlerCo.,  Ohio  (30). 
C,  804  Broadway,  New  York,  N.  Y.  (29). 

Hamlllon,  Butler  Co.,  Otilo  (30). 
rick  I).,  Univ.  of  Wis.,  Madison,  Wis.  (31). 
m,  Mass.  (29). 

SI  Boce  St.,  CluclDDati,  Ohio  (30). 
,  Laboratory,  Iowa  State  Univ.,  lona  City,  Iowa  (21), 
,  U.  S.  A.,  Eastport,  Me.  (22), 
7.  4th  St.,  Cincinnati,  Ohio  (30). 
r.,  Seattle,  King  Co.,  Washington  Terr,    (26). 
.  D.,  2  Phillips  Place,  Montreal,  Can.  (31), 
|r.,  Albany,  N.  Y.  (29). 
J  South  42ad  St.,  Philadelphia,  Pa.  (21).    ' 
i.,  Morgantown,  W.  Vu.  (31).  , 

rge  n.,  Greeni-llle,  S.  C.  (31). 
[.  D.,  G3  Marlborough  St.,  Boston,  Mass.  (28). 

D.,  Davenport,  Iowa  (32). 

-oohvllle,  Franklin  Co.,  lud.  (30). 

D.,  LL.  D.,  Augnata,  On.  (29).  • 

Montreal,  Can.  (31). 
Batavia,N.  Y.  (27). 
ederlcton,  N.  B.  (29). 

and  Walnnt  Sts.,  S.  E.  C,  Cincinnati,  Ohio  (SO). 
'16,  Baltimore,  Md.  (30). 

40  Franklin  St.,  Aubnrn,.N.  Y.  (20). 

12th  and  Walnut  Sts.,  Cincinnati,  Ohio  (30). 

D.,  STSO  Langley  Ave.,  Chicago,  III.  (32). 
Ph.  D.,  New  Castle,  lud.  (20). 
illton,  Ohio  (30). 

,  So.  Dlv.  High  School,  Chicago,  111.  (33). 
evonshlre  St.,  Boston,  Mass.  (29). 

Jones'  Station,  Butler  Co.,  Ohio  (30). 

M.  D.,  Mlnneota,  Minn.  (31). 

D.,  Sprlngfleld,  Moss.  (28). 


Ivi  MEMBEB8. 

Richards,  Edgar,  Dep't  of  Agric,  Washington,  D.  C.  (81). 

Richardson,  Clifford,  Dept.  of  Agric,  Washington,  D.  C.  (SO). 

Richardson,  F.  C  A.,  Nat.  Stock  Yards,  E,  St.  Loots,  Mo.  (20). 

Richardson,  Tobias  G.,  M.  D.,  New  Orleans,  La.  (30). 

Richmond,  Adelbert  G.,  Cani^oharie,  N.  Y.  (30). 

Rlckard,  Wm.  T.,  Assay  Office,  Tucson,  Arizona  Terr.  (29). 

Rideout,  Bates  S.,  Lewlston,  Me.  (31). 

Ridler,  C.  £.,  Kingston,  Mass.  (20). 

Riggs,  Geo.  W.,  jr.,  12  West  22nd  St.,  New  York,  N.  Y.  (26). 

Riley,  Mrs.  Susan,  Mobile,  Ala.  (81). 

Ripley,  George  C,  Minneapolis,  Minn.  (82). 

Ripley,  Mrs.  George  C,  Minneapolis,  Minn.  (32). 

RiVEKA  Jos£  DB,  luwood-on-the-Hodson,  New  York,  N.  Y.  (29). 

Robbins,  E.  P.,  CinciDnati,  Ohio  (30). 

Robbins,  Miss  Ida  F.,  Arlington,  Mass.  fSl). 

•  

Robbins,  W.  K.,  Mass.  Inst,  of  Technology,  Boston,  Mass.  (29). 

Roberts,  Thomas  S.,  27  North  8th  St.,  Minneapolis,  Minn.  (31). 

Robertson,  Andrew,  Montreal,  Can.  (31). 

Robertson,  Col.  D.  A.,  St.  Paul,  Minn.  (32). 

Rot>ertson,  Col.  Robert  S.,  Fort  Wayne,  Ind.  (20). 

RoBKUTSON,  Thomas  D.,  Rockford,  111.  (10). 

Robeson,  Henry  B.,  Comd*r  U.  S.  N.,  Naval  Acad.,  Annapolis,  Md.  (29). 

Robins,  Sampson  P.,  LL.  D.,  Hochelaga,  P.  Q.,  Can.  (31). 

Robinson,  Vrof.  Franklin  C,  Brunswick,  Me.  (29). 

Robinson,  Pcpf.  Otis  Uall*  Rochester,  N.  Y.  (28). 

Robson,  Miss  Kate,  186  Michigan  St.,  ludlanapolls,  Ind.  (32). 

Roeder,  Prof.  F.  A.,  Ohio  Medical  College,  Cincinnati,  Ohio  (30). 

Rogers,  Dr.  H.  Raymond,  Dnnkirk,  N.  Y.  (30). 

Rolfe,  Charles  W.,  Champaign,  111.  (32). 

Roots,  G.  Y.,  N.  W.  cor.  4th  and  Walnut  Sts.,  Clnciunati,  Ohio  (80). 

Ross,  Denman  Waldo,  Ph.  D.,  Cambridge,  Mass.  (20). 

ftoss,  M.  D.,  Boston,  Mass.  (29). 

Roy,  Rev.  James,  Cobourg,  Ont.,  Can.  (31). 

Royce,  C.  C,  Box  586,  Washington,  D.  C.  (30). 

Rumsey,  Bronson  C,  58  &  GO  Exchange  St.,  Buffalo,  N.  Y.  (15). 

Rupp,  Wm.,  961  8d  Ave.,  New  York,  N.  Y.  (27). 

Russell,  Dr.  Linus  £.,  Springfield,  Ohio  (30;. 

Russell,  W.  U.  U.,  S.  W.  cor.  Fifth  and  Olive  streets,  St.  Louis,  Mo.  (24). 

Rust,  Horatio  N.,  Pasadema,  Los  Angeles  Co.,  Cal.  (26). 

Sabin,  Prof.  Alvah  H.,  457  Main  St.,  BnrUngton,  Vt.  (81). 

Safford,  Charles  W.,  Rutland,  Vt.  (26). 

Safford,  Dr.  Mary  J.,  808  Columbus  Ave.,  Boston,  Mass.  (81). 

Sage,  John  H.,  Portland,  Conn.  (23). 

Salisbury,  Stephen,  jr.,  Worcester,  Mass.  (29). 

Salmon,  Daniel  E.,  Dep*t  of  Agrlc,  Washington,  D.  C.  (81). 

Salter,  Richard  P.,  18  Wall  St.,  New  York,  N.  Y.  (80). 


MEKBKBS.  Ivii 

V.  of  Missouri,  HaDOTer,  N.  H.  (SI). 

lis.  Mo.  (27). 

ellsburg,  Brooke  Coantf,  W.  Vs.  (19),      [(23). 

re  B.  S.  Pray  &  Co.,  SO  State  St.,  BostOD,  Mass. 

.  Ttb  St.,  ClDClDiiaU,  Ohio  (30). 

it.,  N.  W.,  Washington,  D.  C.  (23). 

em.  Pa.  (28). 

:ngo.  Hi.  (17). 

1309  ATcb  St.,  Philadelphia,  Pa.  (29). 

124,  Wheeling,  W.  Va.  (27). 

Bns'r,  Baltimore  Bridge  Co.,  St  Loals,  Mo.  (S7). 

fhlle  Plains,  N.  Y.  (25). 

Canal  St.,  New  Orleans,  La,  (29). 

1st  St.,  New  York,  N.  Y.  (29). 

inaati,  Ohio  (30). 

Idway,  New  York,  N.  Y.  (29). 

pt.  of  Agric,  Washington,  D.  C.  (29). 

£Wer  Falls,  Goodhue  Co.,  Minn.  (82). 

Londouvlllc,  Ohio  (82). 

I,  Mass.  (29). 

onOoDville,  Olito  (32). 

llacksbarg,  Va.  (81). 

lOH.  Ohio  (30). 

Paul,  MlDD.  (82). 

ton,  Yonkcrs,  N.  Y.  (80). 

C1aclnuatl,Ohlo  (SO). 

Idcnce,  R.  I.  (28). 

il,  C«u.  (31). 

ce  St.,  Cincinnati,  Ohio  (80). 

Ington  Ave.,  New  York,  H.  Y.  (18). 

trrlsiiurg,  Pa.  (80). 

,  S.  N.,  Navy  Dept.,  Washington,  D.  C.  (29). 

.'Arroes  Square,  Montreal,  Can.  (31). 

vllio.  Pa.  (81). 

.rroll  St.,  St.  Paul,  Minn.  (82). 

arroll  St.,  St.  Paul,  Minn.  (82). 

'.,  lOB  Third  St..  Troy,  N.  Y.  (19). 

if  Seyms  &  Co.,  Hartford,  Codb.  (31). 

;th  P.,  Saratoga  Springs,  N.  Y.  (28). 

riitoga  Springs,  N.  Y.  (29). 

Ill  E.  82Dd  St.,  New  York,  K.  Y.  (29). 

TavySt.,  Brooklyn,  N.Y.  (81). 

State  St.,  Boston,  Mass.  (29). 
lie  P.  O.,  N.  Y.  (29). 
lie.  Pa.  (28). 
vllte.  Pa.  (25). 
1,  Can.  (SI). 


Ivili  MEMBERS. 

Shearer,  John  8.,  Montreal,  Cxin.  (31). 

SiieltoD,  Prof.  Edward  M.,  Manhattan,  Kansas  (32). 

Shepard,  Rev.  Morrill  A.,  Lebanon,  St.  Clair  Co.,  111.  (30). 

Shepard,  William  A.,  Saratoga  Springs,  N.  Y.  (28). 

Shepherd,  F.  A.,  25  North  Vine  Street,  Nashville,  Tenn.  (26). 

Sheppard,  Sam'l  A.  D.,  Boston,  Mass.  (29). 

Sherman,  Prof.  F.  A.,  Hanover,  N.  II.  (29). 

Sherman,  Lewis,  M.  D.,  Milwaukee,  Wis.  (30). 

Short,  Sidney  II.,  Ohio  State  Univ.,  Columbus,  Ohio  (28). 

Shorten,  John  W.,  191  W.  4th  St.,  Cincinnati,  Ohio  (30). 

Sbultz,  Cliarles  S.,  Ilobolccn,  N.  J.  (31). 

Sibley,  Miss  M.  F.,  £ast  Walnut  Hills,  Grandin  Road,  ClncinnaU,  Ohio  (30). 

Silliman,  Wyllls  A.,  Clarkson,  N.  Y.  (31). 

Simon,  Prof.  Wm.,  College  of  Pharmacy,  Baltimore,  Md.  (29). 

Simoods,  Frederic  W.,  G8  Fulton  St.,  Syracuse,  N.  Y.  (25). 

Simpson,  E.,  Commodore  U.  S.  N.,  U.  S.  Navy  Yard,  League  Island,  Pi. 

(28). 
Skinner,  A.  O.,  M.  D.,  Youngstown,  Niagara  Co.,  N.  Y.  (29). 
Slade,  Elisha,  Somerset,  Mass.  (29). 
Smead,  Miss  Marian  M.,  Batavla,  N.  Y.  (31). 

Smith,  Mrs.  A.  B.,  care  ot  Hon.  J.  Gregoi^  Smith,  St.  Albans,  Vt.  (81). 
Smith,  Bcnj.  G.,  Cambridge,  Mass.  (29). 
Smith,  Prof.  C.  Alfred,  Hulton,  Allegheny  Co.,  Pa.  (30). 
Smith,  Prof.  Charles  A.,  Washington  Univ.,  St.  Louis,  Mo.  (27). 
Smith,  Prof.  Charles  J.,  Cleveland,  Ohio  (32). 
Smith,  Miss  Ellen  £.,  Lake  Erie  Seminary,  Palnsville,  Ohio  (82). 
Smith,  Gold  win.  The  Grange,  Toronto,  Can.  (29). 
Smith,  Dr.  H.  A.,  28G  Race  St.,  Cincinnati,  Ohio  (80). 
Smith,  Henry  L.,  149  Broadway,  New  York,  N.  Y.  (26). 
Smith,  Mrs.  Henry  L.,  149  Broadway,  New  York,  N.  Y.  (26). 
Smith,  Henry  T.,  Bufliilo,  N.  Y.  (25). 
Smith,  Herbert  E.,  M.  D.,  Instructor  of  Chem.  Med.  Dep't,  Yale  College, 

New  Haven,  Conn.  (31). 
Smith,  Prof.  Herbert  S.  S.,  College  of  New  Jersey,  Princeton,  N.  J.  (29.) 
Smith,  Herbert  W.,  Academy  of  Sciences,  Box  2621,  St.  Paul,  Minn. 

(26). 
Smith,  Mrs.  J.  Lawrence,  Louisville,  Ky.  (26). 
Smith,  J.  W.,  M.D.,  Charles  City,  Iowa  (21). 
Smith,  Miss  Jeunic,  Peabody  Mus.,  Cambridge,  Mass.  (29). 
Smith,  John  B.,  290  3i  Ave.,  Brooklyn,  N.  Y.  (32). 
Smith,  S.  Hanbnry,  M.  I).,  New  York,  N.  Y.  (29). 
Smith,  Prof.  Thomas  B.,  Glasgow,  Mo.  (30). 
Smith,  Thomas  II.,  161  La  Salle  St.,  Chicago,  111.  (31). 
Smith,  Wm.  Sooy,  C.  E.,  May  wood.  III.  (29). 
Smuckcr,  Isaac,  Newark,  Ohio  (29). 
Smyth,  Prof.  Jas.  D.,  Burlington,  Iowa  (28). 
Snelling,  Geo.  H.,  Hotel  Berkeley,  Boston,  Mass.  (29). 


liz 

,  loatltute  for  the  Blind,  Colambos,  Ohio  (39), 

eat.  U.  S.  N.,  Navy  Dcpt.,  Washington,  D.  C.  (39). 

ugDsta  1.,  Samter,  S.  C.  (31). 

:al«C.,  Sumter,  S.  C.  (31). 

juide  C,  Sumter,  S.  C.  (31). 

Louis,  Mo.  (27). 

.  D.,  Lnalow,  Vt.  (29). 

,  Plttsfldd,  Mobs.  (29). 

lea,  St.  Lonls,  Mo.  (27). 

,  South  Orunge,  N.  J.  (29). 

uiie,  Spriiigdold,  Ohio  (30). 

mn  U.,  NorthHeld,  Minn.  (32). 

liilUen,  Mobs.  (»). 

.  Globe  Nat.  Bank,  Boston,  Moss.  (29). 

,  U.  S.  N.,  care  of  Tbos.  A.  Edisou,  No.  6C  Fifth  Are., 

Y.  (29). 

,  Westaeld,  Mass.  (28). 
M.  D.,  liochester,  N.  Y.  (31). 

CtiDDCellor  Univ.  of  Naslivllle,  ^fa8hvllle,  Tenu.  (2S). 
,  Ph.  D.,  Boston,  Mass.  (29). 

distant  U.  S.  Fish  Commission,  Pensacola,  Flo.  (28). 
Uden,  Amhevst,  Mass.  (23). 
I.,  jr.,  117  1'eaii  St.,  New  York,  N.  Y.  (81). 
eoaore,  Gambler,  Oliio  (80). 
liflou,  ilamllton  Co.,  Ohio  (30). 

B-  Stern,  Cinclnnall,  Otilo  (80). 
;al)eth  11.,  Lowell,  Mass.  (32). 
M.  D„  Albany,  N.  Y.  (28). 
maica,  N.  Y.  (18). 
,  Ass'l  Ethnologist,  Washington,  D,  C.  (29). 

M.  D.,  PoQghkeeiisle,  N.  Y.  (28). 
[.  D.,  Proctorsvllle,  Vt.  (28). 
M.,  Box  12el,  New  York,  N.  Y.  (80). 
I  M..  Penbody,  Mass.  (18). 
ironto,  Ontario  (31). 
St.  Loals,  Mo.  (27). 
ce  E.,  Amhurat,  Moss.  (31). 
.  Amherst,  Mass.  (31). 
,  Ph.  D.,  Northampton,  Mass.  (29). 
131  Deronshire  St.,  Boston,  Mass.  (29). 
,  Providence,  R.  I.  (31). 

Broadway  and  N  St.,  South  Boston,  Maas.  (81). 

A.  U.,  Detroit,  Mich.  (81). 
hlcngo,  111.  (32). 

M.  D.,  Newton,  Mass.  (81). 
a.,  Salem,  Mass.  (26). 
Boston,  Maes.  (1). 


IX  lUCMBEBfl. 

Stowell,  John,  48  Main  St.,  Charlestown,  Biass.  (21). 
Stowell,  Prof.  T.  B.,  Cortland,  N.  Y.  (28). 
Strleby,  Prof.  William,  Colorado  Springs,  Col.  (81). 
Studcr,  Jacob  H.,  Tribune  Bailding,  New  York,  N.  Y.  (81). 
Stunz,  Prof.  C.  B.,  Cincinnati,  Ohio  (29). 
Sullivan,  J.  A.,  Maiden,  Mass.  (27). 
Swascy,  Oscar  F.,  M.D.,  Beverly,  Mass.  (17). 
Sweeny,  Dr.  R.  0.,  St.  Paul,  Minn.  (82). 

Taft,  Alphonso,  Cincinnati,  Ohio  (80). 

Tatum,  Joseph  T.,  221  Chestnut  St.,  St.  Louis,  Mo.  (27). 

Taylor,  Frederick  W.,  Smithsonian  Institution,  Washington,  D.  C.  (31). 

Taylor,  Comdr.  II.  C,  U.  S.  N.,  care  U.  S.  Navy  Dept.,  Washington,  D.  C. 

(30). 
Taylor,  James  C,  care  A.  R.  Ledonx  &  Co.,  17  Cedar  St.,  New  York, 

N.  Y.  (80). 
Taylor,  Thos.,  M.  D.,  Dept.  of  Agric,  Washington,  D.  C.  (29). 
Tepper,  Fred.,  Box  3331,  New  York,  N.  Y.  (29). 
Terry,  James,  American  Museum  Natural  History,  Central   Park  (77ih 

St.  and  8th  Ave.;,  New  York,  N.  Y.  (28). 
Theobald,  Albert  G.  R.,  Forest  Dept.,  Anamalal,  Coimbatore  District, 

India  (27). 
Thomas,  F.  Wolferstan,  Montreal,  Can.  (81). 
Thompson,  Prof.  Chos.  O.,  Terre  Haute,  Ind.  (29). 
Thompson,  Daniel  G.,  29  William  St.,  New  York,  N.  Y.  (29). 
Thompson,  David  D.,  Methodist  Book  Concern,  Cincinnati,  Ohio  (80). 
Thompson,  Harvey  M.,  Lombard,  Du  Page  Co.,  111.  (17). 
Thompson,  J.  E.,  Spalding,  Mich.  (31). 

Thompson,  Miss  Marie  N.,  823  Elm  St.,  Cincinnati,  Ohio  (80). 
Thompson,  8.  A.,  Minneapolis,  Minn.  (32). 

Thompson,  W.  W.,  care  Jeffras  Seely  &  Co.,  Cincinnati,  Ohio  (80). 
Thomson,  Prof.  A.,  Ames,  Iowa  (21). 
Thomson,  Prof.  Henry  R.,  Crawfordsville,  Ind.  (80). 
Thorbom,  John,  LL.  D.,  Ottawa,  Ont.,  Can.  (29). 
Thrasher,  Allen  B.,  M.  D.,  94  W.  7th  St.,  Cincinnati,  Ohio  (30). 
Thurb^,  Miss  Elizabeth,  Plymouth,  Moss.  (22). 
Tiffany,  Asa  S.,  901  West  6th  St.,  Davenport,  Scott  Co.,  Iowa  (27). 
Tiffin,  Mrs.  Joseph,  Jr.,  cor.  Sherbrooke  and  University  Sts.,  Montreal; 

Can.  (81). 
Timby,  Theo.  R.,  Nyack,  N.  Y.  (29). 

Tittmann,  Otto  IL,  U.  S.  Coast"  Survey,  Washington,  D.  C.  (24). 
Todd,  Albert,  St.  Louis,  Mo.  (27). 
Todd,  Andrew  J.,  261  Broadway,  New  York,  N.  Y.  (29). 
Todd,  Prof.  James  E.,  Tabor,  Fremont  Co.,  Iowa  (22). 
Tolman,  James  P.,  West  Newton,  Mass.  (29). 
Tomllnson,  Dr.  J.  M.,  28  East  Ohio  St.,  Indianapolis,  Ind.  (20). 
Tonnel6,  Theodore,  48  E.  68th  St.,  New  York,  N.  Y.  (29). 


,  New  York,  W.  T. 

Adj.  Gen.  Stale  of  N.  Y.,  *  Elk  St.,  Albany,  N.  T. 

)nrbam,  Ootario,  Can.  (31). 
natl,  Ohio  (SO). 
ott,  Mich.  (SO). 
*h(Bnlx,  Arizona  (29). 
7  Broadway,  N.  Y.  (29). 
E  ,  HowardsvlUe,  San  Jann  Co.,  Col.  (39). 
iltural  College,  Lansing,  Mich.  (31). 
,ieal,  Can.  (31). 

H.,  2fiG  Woodward  Ave.,  Detroit,  Mich.  (21). 
H.,  266  Woodward  Ave.,  Detroit,  Mich.  (29). 
rlosgow.  Mo.  (27). 
.  D.,  Albany,  N.Y.  (29). 
ashtngton,  D.  C.  (SI), 
erst.  Mass.  (29). 

r,  31  ChestDnt  St.,  Boston,  Mass.  (U). 
oiOS,  Orange,  N.J.  (28). 

1927  Mt.  VernoD  St.,  Philadelphia,  Fa.  (18). 
:  C,  M.  D.,  30  West  Uth  St.,  New  York,  N.  Y.  (81). 
Iikcepsle,  N.  Y.  (28). 
CiDcliinai),  Ohio  (30). 
>  ,  Washington,  D.  C.  (32). 
lonC,  Cincinnati,  Ohio  (30). 
.  D.,  New  Bedford,  Mass.  (29). 
i  of  Navy  Dep't,  Waahlngton,  D.  C.  (28). 
9th  and  Freeman  Sts.,  Clnclnnntl,  O.  (28). 
)nia]ia,  Neb.  (82). 
Stullo,  Inillanapolls,  Ind.  (30). 
anapolls,  Ind.  (30). 

,t.  Arfy  U.  S.  A.,  Fortress  Monroe,  Va.  (32). 
».,  S2  Wall  St.,  New  York,  N.  Y.  (31). 
A.  D.,  Box  92,  New  Dmnswkk,  N.  J.  (39). 
I.,  Rochester,  N.  Y.  (29). 
Ph.  B.,  School  of  Mluex,  Colombia  College,  New 


fiarltngton,  Iowa  (SO). 
.  6th  St.,  Cincinnati,  Ohio  (SO). 
..  Louis,  Mo.  (29). 
Rolls,  Mo.  (29). 
icbeater,  N.  H.  (29). 


Ixii  MEKBERS. 

Wakeman,  Thaddcns  B.,  93  Nassao  St.,  New  York,  N.  T.  (25). 

Walcott,  Dr.  H.  P.,  Cambridge,  Moss.  (29). 

Waldsteln,  Martin  E.,  Ph.  D.,  Union  Square,  New  York,  N.  Y.  (32). 

Walker,  Dr.  G.  8.,  St.  Louis,  Mo.  (27). 

Walker,  George  C,  124  La  Salle  St.,  Chicago,  111.  (17). 

Walker,  N.  B.,  19  and  21  Cliff  St.,  New  York,  N.  Y.  (20). 

Wall,  John  L.,  338  Sixth  Avenue,  New  York,  N.  Y.  (27). 

WalUs,  John  M.,  C.  E..  Philadelphia,  Pa.  (32). 

Walter,  Hugo  (30). 

Walton,  JamcH,  Barnesville,  Belmont  Co.,  Ohio  (SO). 

Walton,  Jos.  J.,  Philadelphia,  Pa.  (29). 

Wn  I  worth,  Rev.  Clarence  A.,  Albany,  N.  Y.  (28). 

Walworth,  Mrs.  Ellen  Hardin,  Saratoga  Springs,  N.  Y.  (28). 

Wanless,  John,  M.  D.,  88  Union  Ave.,  Montreal,  Can.  (31). 

Ward,  J.  Langdon,  120  Broadway,  New  York,  N.  Y.  (29). 

Ward,  Samuel  B.,  M.  I).,  Albany,  N.  Y.  (29). 

Ward  well,  George  J.,  I^utlaud,  Vt.  (20). 

Waring,  Col.  George  E.,  jr.,  Newport,  R.  L  (29). 

Wamecke,  Prof.  Carl,  Montreal,  Can.  (31). 

Warner,  Ilulbert  II.,  Rochester,  N.  Y.  (31). 

Warner,  Mrs.  J.  D.,  199  Baltic  St.,  Brooklyn,  N.  Y.  (21). 

Wamock,  James,  33  Warren  St.,  New  York,  N.  Y.  (29). 

Warren,  G.   Washington,  54  Devonshire    St.,  Room   1,  Boston,  Mus. 
(18). 

Warren,  Joseph  W.,  M.  D.,  107  Boylston  St.,  Boston,  Mass.  (31). 

Warren,  Samuel  D.,  Boston,  Mass.  (29). 

Warren,  Mrs.  Samuel  D.,  07  Mt.  Vernon  St.,  Boston,  Mass.  (29). 

Warren,  Wm.  J.,  Minneapolis,  Minn.  (30). 

Washburn,  John  II.,  Bridgewater,  Mass.  (31). 

Waterhouse,  Ai,  M.  D.,  Jamestown,  N.  Y.  (29). 

Waters,  Edwin  F.,  Newton  Centre,  Mass.  (29). 

Watkrs,  Gko.  F.,  8  Beacon  St.,  Boston,  Mass.  (29). 

Waters,  Jabcz  M.,  9th  and  Freeman  Sts.,  Cincinnati,  Ohio  (80). 

Watson,  Miss  C.  A.,  Salem,  Mass.  (31). 

Watt,  David  A.  P.,  Montreal,  Can.  (31). 

Weaver,  Lemuel,  Urbana,  Ohio  (82). 
I  Weber,  II.  C,  17  Mc  Lemore  St.,  Nashville,  Tenn.  (30). 

Weed,  Walter  H.,  6  Pine  St.,  New  York,  N.  Y.  (81). 

Weeden,  Hon.  Joseph  £.,  Randolph,  N.  Y.  (31). 

Weist,  J.  R.,  M.  D.,  Richmond,  Ind.  (29). 

Weltbrecht,  George,  469  North  St.,  St.  Paul,  Minn.  (32). 

Weld,  Mrs.  Amy  T.,  119  East  23rd  St.,  New  York,  N.  Y.  (28). 

Weld,  W.  G.,  Box  105,  Newport,  R.  I.  (23). 

Wells,  Mrs.  C.  F.,  753  Broadway,  New  York,  N.  Y.  (31). 

Wells,  Rev.  Martin  L.,  Aurora,  Ind.  (80). 
^  Wells,  Samuel,  81  Pemberton  Square,  Boston,  Mass.  (24). 

tf  Wendell,  Oliver  C,  Observatory,  Cambridge,  Mass.  (29). 


\ 


UEHBBE§. 


lzii[ 


BT>ort,  R.  I.  (29). 
Mass.  (SI). 

ilT.  of  Cliicago,  Chicago,  III.  (19). 
H  Craig  St.,  Montreal,  Canada  (11). 
.,  Concord,  Moss.  (Si), 
7.  cor.  8lU  St.,  and  Egglestan  Avenoe,  ClndDnatl, 

ig,  Mnss.  Inst.  Techoology,  Boston,  Hau.  (29), 

;  \V.  Chester  Park,  Boston,  Mass.  (29). 

rce,  Carobridge,  Moss.  (29). 

[ills  Semluarj,  Alameda  Co.,  Cal.  (29). 

E.,   Woman's   Med.   College,   Philadelphia,    Fa. 

'.  of  Georgia,  Athens,  Ga.  (29). 

57,  Wnterbnry,  Conn.  (23). 

nando,  De  Soto  Co.,  Miss.  (28). 

{leal  Survey,  Ottawa,  Can.  (81). 

revoort  House,  New  York,  N.  Y.  (31). 

1.  C.  and  G,  Survey,  West  Tfsbnry,  Mass.  (29). 

ftTrowbridge  St.,  Cambridge,  Masa.  (29). 

inchcster,  N.  H.  (SO). 

tbam,  Mass.  (19). 

.,  Ottawa,  Province  of  Ont.,  Can.  (29). 

>ol  of  Mines,  Columbia  College,  New  York,  N.  T. 

?ers  College,  New  BmnHwIch.  N.  J.  (81), 
B,,  care  J.  M,  Farley,  74  W.  35ih  81.,  New  York, 

liam  College,  Cambridge^  Eng.  (29). 

istoD  Fish  Bureau,  176  Atlantic  Avenue,  Boaton, 

T  Orange  St.,  Newark,  N.  J.  (29). 

ille,  Ky.  (80), 

Jrazeau  I".  O.,  Perry  Co.,  Mo.  (80). 

leateles,  N.  Y,  (29). 

de  St.,  New  York,  N.  Y.  (29). 

Greensburg.  Decatur  Co.,  Ind.  (80). 

7th  St.,  Cincinnati.  Ohio  (80). 

crry  Point,  Iowa  (2*). 

II.,  Jr.,  Box  4G3,  Bethlehem,  Fa.  (25), 

100  Boylston  St.,  Boston,  Mass.  (29). 

I,  N.  Y.  (26). 

ilmoi-G,  Md.  (30), 

lem,  N.  Y.  (31). 

wton  Lower  Falls,  Mass.  (81). 

Watcrtown,  Jefferson  Co.,  N.  Y.  (24). 

mnjoharie,  Montgomery  Co,,  N.  Y.  (28). 


bdy  MEMBERS. 

Williamson,  Prof.  Andrew  W.,  Bock  Island,  HI.  (82). 

WilloQghby,  Hugh  L.»  Saratoga  Springs,  N.  Y.  (28). 

Wills,  William  R.,  Waltham,  Mass.  (30). 

Wlllson,  Robert  W.,  Box  858,  New  Haven,  Conn.  (80). 

Willson,  Z.  0.,  811  High  St.,  St.  Loais,  Mo.  (32). 

Wllmot,  Thos.  J.,  Direct  U.  S.  Cable  Co.,  Rye,  N.  H.  (27). 

Wilson,  C.  H.,  Rugby,  Tenn.  (80). 

Wilson,  H.  C,  Mt.  Lookout,  Hamilton  Co.,  Ohio  (30). 

Wilson,  Horace  E.,  1514  10th  St.  N.,  Minneapolis,  Minn.  (32). 

Wilson,  M.  C,  Florence,  Ala.  (26). 

Wilson.  Prof.  P.  B.,  44  Second  St.,  Baltimore,  Md.  (80). 

Wlngate,  Miss  Hannah  S.,  208  Raymond  St.,  Brooklyn,  N.  Y.  (31). 

Winslow,  Sam*l  W.,  Room  80,  Rlalto  Building,  181  Deronshlre,  cor.  Milk 

St.,  Boston,  Mass.  (29). 
Winston,  Prof.  Chas.  H.,  Richmond  College,  Richmond,  Va.  (80). 
Witherbee,  Frank  S.,  care  Witherbees,  Sherman  &  Co.,  Port  Henry,  N.  Y. 

(29). 
Wolcott,  Mrs.  Henrietta  L.  T.,  Hotel  Venddme,  Boston,  Mass.  (29). 
Wood,  Dr.  Robert  W.,  Jamaica  Plain,  Mass.  (29). 
Wood,  Dr.  Wm.,  Portland,  Me.  (29). 

Woodbury,  C.  J.  H.,  131  Devonshire  St.,  Boston,  Mass.  (29). 
Woodward,  Calvin  M.,  St.  Louis,  Mo.  (32). 

Woodward,  J.  J.,  M.  D.,  Army  Medical  Museum,  Washington.  D.  C.  (28). 
Woodward,  Richard  W.,  South  Pueblo,  Col.  (29). 
Woolman,  Geo.  S.,  116  Fulton  St.,  New  York,  N.  Y.  (29). 
Worthen,  T.  W.  D.,  Hanover,  N.  H.(28). 
Wright,  Elizur,  Box  109,  Boston,  Mass.  (81). 
Wright,  Harrison,  Sec'y  Wyoming  Hist,  and  Geol.  Soc,  Wilkes  Barr^, 

Pa.  (29). 
Wright,  Smlthson  E.,  Treasurer's  Office,  L.  M.  R.  R.  Co.,  Cincinnati, 

Ohio  (30). 
Wylle,  Samuel  B.,  Bloomlngton,  Ind.  (30). 

Youmans,  Wm.  Jay,  M.  D.,  Popular  Science  Monthly,  549  Broadvrayy 

New  York,  N.  Y.  (28). 
Young,  Prof.  Andrew  H.,  Hanover,  Ind.  (30). 

Zimmerman,  Charles  D.,  Buflhlo,  N.  Y.  (80). 

Zimmerman,  William,  Room  22,  142  Dearborn  St.,  Chicago,  Til.  (30). 
Zluke,  E.  GusUv,  M.D.,  Elm  St.,  near  14th,  Cincinnati,  Ohio  (30). 
Zwlck,  G.  A.,  11th  and  MadUon  Sts.,  Covington,  Ey.  (80). 

[1474  MEMBERS.] 

Note.  —The  omission  of  an  address  in  the  foregoing  list  indicates  that  letters 
directed  to  that  last  printed  were  returned  as  nncalled  ibr.  Information  of  the  present 
address  of  the  members  so  indicated  is  requested  by  tlie  Permanent  Sbcsetabt. 


lOTTORABT  FELLOW." 

AJM  B.,  117  Marlborough  St.,  Boston,  Mass.  (1). 


FELLOWS." 

,  TVaBiiitigton,  D.  C.  (16).    1874, 

rrentOD,  N.  J.  (29).     1883. 

135  Arch  S'-,  i'hiladtlphia,  Pa.  (20).    1874. 

17  .Sooth  20t=  St.,  Philailelphia,  Pa.  (23).    I8B3. 

omp.  Zoolog:!.  Cambridge,  Mnsa.  (18).    1875. 

«n.,  U.  S.  Army,  1207  Q  St.,  N.  W.,  Wnshlngtou, 

E.,  Hoa^toD  Farm,  Mounlflinvllle,  Orange  Co., 

,  Waterbary,  Conn.  (29).    1883. 

v.,  Cornell  Univ.,  Ithacfl,  N.  Y.  (28).     1880. 

I.,  BrowL  Univ.,  Provltlence,  K,  I.  (22).    1874. 

Piiie  St.,  San  Francisco,  Cal.  (23).    1882. 
1  DcronsUtrc  St.,  Boston,  Mnsa.  (29).     1881. 

Wesleyan  Univ.,  Middlctotvii,  Coon.  (20).    1882. 

D.,  Itatgers  College,  Lock  Box  No.  2,  Xew  Brun>- 

1879. 
ewton  St.,  Boston,  Masa.  (18).    1874. 

7.,  Unlvers-y  of  Froderlcton,  N.  B.  (18).    1375. 
Brown  University,  Providence,  H.  I.  (18),      1874, 
:'y  Smitlisuulau  Inst.,  Washington,  T>.  C.  (1).  187S. 
Survey  Offlce,  Washington,  D.  C,  (30).     1882. 
ord.  Conn.  (29).    1881. 
[lilBiid,  111.  (23).     1873. 
Univ.  of  Peuu.,  Philadelphia,  Pa,  (13).    1875. 
sldentColurablaCoIloge.NcwYoLk.N.r.  (7),  1874. 
.,  U.  S.  Uept.  Agrlc,  Wushington,  P.  C.  (24).     1880. 
J.,  Dartmoutb  College,  llanover.N.  11.  (28).     1883. 
r  U.  S.  N  ,  core  of  C.  &  G.  Survey  Offlce,  Washing. 
1882. 

nt«rbiiry.  Conn.  (23).    1874. 
Salem,  Moss.  (18).     1874. 

3  Divinity  Avenue,  Cambridge,  Mtiss.  (8).     1875. 
is.  Agricultural  College,  Lansing,  Mich.  (24),     1880. 

3  Constitnlion.    ■  See  Article  IV  of  Iho  ConelitHtion. 


Ixvi  FELLOWS. 

Belknap,  George  E  ,  Capt.  U.  S.  N.,  care  Fred.  L.  Wheeler  ft  Co.,  Box 
3522,  Boston,  Mass.  (29).     1881. 

Bell,  Dr.  Alex.  Graham,  Scott  Circle,  1500  Rhode  Island  Ave.,  Washing- 
ton, D.  C.  (26).     1879. 

Bell,  Samuel  N.,  Manchester,  N.  H.  (7).     1874. 

Bes9cy,  Prof.  C.  £.,  Agrlcnltural  College,  Ames,  Iowa  (21).     1860. 

Bethunc,  Rev.  C.  J.  S.,  Trinity  Coll.  School,  Pt.  Hope,  Canada  (18;.  1875. 

Bickmore,  Prof.  Alberts.,  American  Mnseam  of  Natural  History,  Central 
Pairk,  New  York,  N.  Y.  (17).     1880. 

Billings,  John  S.,  Surgeon  U.  S.  A.,  Washington,  D.  C.  (32).     1883. 

Blackham,  George  £.,  M.  D.,  Dunkirk,  N.  Y.  (25).     1883.  [1882. 

Blair,  Henry  W.,  U.  S.  C.  &  G.  Survey  Office,  Washington,  D.  C.  (26). 

Blake,  Clarence  J.,  M.  D.,  Hotel  Berkeley,  Boston,  Mass.  (24).     1877. 

Blake,  Ell  W.,  New  Haven,  Conn.  (1).     1874. 

Blake,  Prof.  Ell  W.,  Jr.,  Providence,  R.  I.  (15).     1874. 

Blake,  Francis,  Auburndale,  Moss.  (23).     1874. 

Bolton,  Dr.  H.  Caiirisgton,  Trinity  Coll.,  Hartford,  Conn.  (17).    1875. 

Borden,  Spencer,  Fall  River,  Mass.  (29).     1882. 

Boss,  Prof.  Lewis,  Director  Dudley  Observ.,  Albany,  N.  T.  (26).     1878. 

Bouv6,  Thos.  T.,  Boston  Soc.  Nat.  Hist.,  Boston,  Mass.  (1).  1875. 

Bowdltoh,  Prof.  H.  P.,  Harvard  Med.  School,  Boston,  Mass.  (28).     1880. 

Bowditch,  Henry  I.,  M.D.,  113  Boylston  St.,  Boston,  Mass.  (2).     1875. 

Bowser,  Prof.  E.  A.,  Rutgers  College,  New  Brunswick,  N.  J.  (28).   1881. 

Brackctt,  Prof.  C.  F.,  College  of  New  Jersey,  Princeton,  N.  J.  (19).  1875. 

Breneman,  A.  A.,  Ithaca,  N.  Y.  (20).     1880. 

Brewer,  Prof.  Wm.  IL,  New  Haven,  Conn.  (20).     1876. 

Bi'itton,  N.  L.,  Columbia  College,  New  York,  N.  Y.  (29).     1882. 

Broadhead,  Garland  Carr,  Pleasant  Hill,  Cass  Co.,  Mo.  (27).     1879. 

Brooks,  Major  Thomas  B.,  Geol.  State  Surveys,  Mich,  and  Wis.,  New- 
burgh,  N.  Y.  (2G).     1879. 

Bross,  Hon.  Wm.,  Chicago,  III.  (7).     1874. 

Broun,  Prof.  W.  LcRoy,  Vanderbiit  Univ.,  Nashville,  Tenn.  (26).     1877. 

Brown,  Robert,  jr.,  care  of  Yale  College  Observatory,  New  Haven,  Cono 
(11).     1874. 

Brown,  Mrs.  Robert,  Jr.,  New  Haven,  Conn.  (17).    1874. 

Brush,  Prof.  Gkorgb  J.,  Yale  College,  New  Haven,  Conn.  (4).    1874. 

Buckhout,  W.  A.,  State  College,  Centre  Co.,  Pa.  (20).    1881. 

Burgess,  Edward,  Sec.  Natural  History  Soc,  Boston,  Mass.  (2S).    1877. 

Bumham,  S.  W.,  52  Vinccnnes  Ave.,  Chicago,  111.  (25).     1877. 

Burr,  Prof.  William  H.,  Troy,  N.  Y.  (31).     1883. 

Burrill,  Prof.  T.  J.,  Illinois  Industrial  Univ.,  Champaign,  111.  (29).    1889 

Caldwell,  Prof.  Geo.  C,  Cornell  University,  Ithaca,  N.  Y.  (23).    1875. 

Call,  Prof.  R.  Ellsworth,  David  City,  Neb.  (29).     1882. 

Canby,  Wm.  M,,  1101  Delaware  Avenue,  Wilmington,  Del.  (17).    1878. 

Carhart,  Prof.  Henry  S.,  Evanston,  111.  (29).    1881. 

Carmlchael,  Prof.  Henry,  BowdoLn  College,  Brunswick,  Me.  (21).    1876. 


FELLOWS.  Izvi! 

Carpenter,  Lieut.  W.  L.,  U.  S.  A.,  Dunkirk,  N.  T.  (24).     1877. 

Carr,  Lacien,  Peabody  Mus.  Arch,  and  Ethn.,  Cambridge,  Mass.  (25).  1877. 

Case,  Col.  Theo.  S.,  Ed.  Western  Review  of  Science,  Kansas  City,  Mo. 

(27).     1883.  [1882. 

Chamberlain,  Wm.  I.,  Sec.  Ohio  State  Bd.  of  Agrlc,  Colambns,  Ohio  (30). 
Chamberlin,  T.  C,  Beloit  College,  Belolt,  Wis.  (21).    1877. 
Chandler,  Prof.  C.  F.,  School  of  Mines,  Columbia  Coll.,  60th  St.  cor.  4th 

Ave.,  New  York,  N.  Y.  (19).  1875.  [1882. 

Chandler,  Prof.  Charles  Henry,  Ripon,  Wis.  (28).     1883. 
Chandler,  Scth  C,  jr..  Harvard  Observatory,  Cambridge,   Mass.    (29). 
Chandler,  Prof.  W.  H.,  The  Lehigh  Univ.,  Bethlehem,  Pa.  (19).     1874. 
Chanute,  O.,  care  Erie  Railway,  New  York,  N.  Y.  (17).    1877. 
Chesbrongh,  E.  S.,  Chicago,  111.  (2).     1877. 

Chester,  Prof.  Albert  II.,  Hamilton  College,  Clinton,  N.  Y.  (29).     1882. 
Chlckering,  Prof.  J.  W.,  jr.,  Deaf  Mute  College,  Washington,  D.  C.  (22). 

1877. 
Chittenden,  Russell  H.,  Ph.  D.,  95  Humphrey  St.,  New  Haven,  Conn. 

(29).     1882. 
Clapp,  Miss  Cornelia M.,  Mt.  Holyoke  Seminary,  South  Hadley,  Mass.  (31). 

1883. 
Clark,  Alvan  G.,  Cambridgeport,  Mass.  (28).    1880.  [1875. 

Clark,  Prof.  John  E.,  Mathematics,  Yale  College,  New  Haven,  Conn.  (17). 
Clarke,  Prof.  F.  W.,  U.  S.  Geological  Survey,  Washington,  D.  C.  (18). 

1874. 
Claypole,  Edw.  W.,  B.  A.,  New  Bloomfleld,  Perry  Co.,  Pa.  (80).     1882. 
Coffin,  Prof.  John  H.  C,  U.  8.  Navy,  Washington,  D.  C.  (1).     1874. 
Coffin,  Prof.  Selden  J.,  Ph.D.,  Lafayette  Colfege,  Easton,  Pa.  (22).    1874. 
Collett,  Prof.   John,   Chief  Indiana  Bureau   of  Statistics  of  Geology, 

Indianapolis,  Ind.  (17).    1874. 
Collier,  Peter,  Dept.  of  Agrlc,  Washington,  D.  C.  (29).    1882. 
Colvin,  Verplanck,  Supt.  N.  Y.  State  Adirondack  Survey,  Albany,  N.  Y. 

(28).     1880. 
Comstock,  J.  Henry,  Cornell  Univ.,  Ithaca,  N.  Y.  (28).     1882. 
Comstock,  Milton  L.,  Prof.  Math.,  Knox  Coll.,  Galesburg,  111.  (21).   1874. 
Cook,  Prof.  A.  J.,  Agricultural  College,  Lansing,  Mich.  (24).     1880. 
Cook,  Prof.  George  H.,  New  Brunswick,  N.  J.  (4).     1875. 
Cooley,  Prof.  Le  Roy  C,  Vassar  College,  Ponghkeepsle,  N.  Y.  (19).  1880. 
Cope,  Prof.  Edward  D.,  2100  Pine  St.,  Philadelphia,  Pa.  (17).     1875. 
Cox,  Prof.  Edward  T.,  New  Harmony,  Ind.  (19).     1874. 
Cox,  Hon.  Jacob  D.,  103  Broadway,  Cincinnati,  Ohio  (30).     1881. 
Coxe,  Ecklcy  B.,  Drlfton,  Luzerne  Co.,  Pa.  (23).    1879. 
Crandall,  Prof.  A.  R.,  Lexington,  Ky.  (29).    1883. 
Crocker,  Susan  £..  M.D.,  Lawrence,  Mass.  (21).    1874. 
Crosby,  Wm.  O.,  Mass.  Inst.  Technology,  Boston,  Mass.  (29).     1881. 
Cross,  Prof.  Chas.  R.,  Mass.  Inst.  Technology,  Boston,  Mass.  (29).    1880. 
Cammings,  Rev.  Joseph,  D.D.,  Pres.  Northwestern  Univ.,  Evanston,  111. 

(13).     1874. 


Ixviii  FELLOWS. 

Cattiug,  Hiram  A.,  M.D.,  State  Geologist,  Lanenbargh,  Vt.  (17).  1874. 

Dabney,  Chas.  W.,  Jr.,  Ph.  D.,  Agric.    Experiment  Station,    Raleigh, 

N.  C.  (30).     1882. 
Dall,  Mrs.  Caroline  II.,  Slst  St.,  Washington,  D.  C.  (18).     1874. 
Dall,  Wm.  H.,  Smithsonian  Institution,  Washington,  D.  C.  (18).    1874. 
Dana,  Edwani  Salisbury,  New  Haven,  Conn.  (23).    1875. 
Dana,  Prof.  James  D.,  New  Haven,  Conn.  (1).    1875. 
Danforth,  Edward,  Dep't  of  Public  Instruction,  Elmira,  N.  Y.  (11).   1874. 
Davenport,  B.  F.,  M.  D.,  751  Tremont  St.,  Boston,  Mass.  (29).     1883. 
Davidson,  Prof.  Geo.,  Asst.  Coast  and  Geodetic  Survey,  San  Francisco^ 

Cal.  (29).   1881. 
Dawson,  Dr.  J.  W.,  Principal  McGiU  Coll.,  Montreal,  Canada  (10).  1875. 
Day,  F.  II.,  M.  D.,  Wauwatosa,  Wis.  (20).     1874. 
Dean,  George  W.,  P.  O.  Box  92,  Fall  River,  Mass.  (15).     1874. 
Dimmock,  George,  Cambridge,  Mass.  (22).    1874. 
Dinwiddle,  Robert,  117  W.  43d  St.,  New  York,  N.  Y.  (1).    1874. 
Dodge,  Charles  R.,  Washington,  D.  C.  (22).     1874. 
Dolbear,  A.  Emerson,  College  Hill,  Mass.  (20).     1880. 
Dorsey,  Rev.  James  O.,  Bureau  of  Ethnology,  Washington,  D.  C.  (81) 

1883. 
Draper,  DanM,  Ph.D.,  Director  N.  Y.  Meteorological  Observatory,  Central 

Park,  C4th  St.,  Fifth  Avenue,  New  York,  N.  Y.  (29).   1881. 
Drown,  Prof.  Thos.  M.,  Lafayette  College,  Easton,  Pa.  (29).     1881 
Du  Bois,  Prop.  Aug.  J.,  New  Haven,  Conn.  (30).    1882. 
Dudley,  Charles  B.,  Altoona,  Pa.  (23).    1882. 

Dudley,  Wm.  L.,  Miami  Med.  College,  Cincinnati,  Ohio  (28).    1881. 
Dunniugton,  Prof.  F.  P.,  University  of  Virginia,  Va.  (2G).     1880. 
Dutton,  Capt.  C.  E.,  U.  S.  Ord.  Dep*t,  Washington,  D.  C.  (23).     1875. 
Dwight,  Prof.  Wm.  B.,  Vassar  College,  Poughkeepsie,  N.  Y.  (30).    1882. 
Dwyer,  John,  M.  D.,  Hartford,  Conn.   (23).    1874, 

Eads,  Jas.  B.,  814  Chestnut  Street,  St.  Louis,  Mo.  (27).     1879.         [1879. 
Eastman,  Prof.  J.  R.,  U.  S.  Naval  Observatory,  Washington,  D.  C.  (26). 
Eaton,  Prof.  D.  G.,  Packer  Institute,  Brooklyn,  N.  Y.  (19).    1874. 
Eaton,  Hon.  John,  U.  S.  Commiss*r  of  Education,  Washington,  D.  C.  (25). 

1883. 
Eddy,  Prof.  H.  T.,  University  of  Cincinnati,  Cincinnati,  Ohio  (24).    1875. 
Edison,  Thos.  A.,  Menlo  Park,  N.  J.  (27).     1878. 
Edmands,  J.  Rayner,  Observatory,  Cambridge,  Mass.  (29).    1880. 
Egleston,  Prof.  Thos.,  School  of  Mines,  Columbia  College,  New  Yoit, 

N.  Y.  (27).     1879. 
Elmbeck,  Wm.,  U.S.C.S.,  Washington,  D.  C.  (17).     1874. 
Elliott,  Arthur  H.,  School  of  Mines,  Columbia  College,  New  York,  N.  Y. 

(23).     1880. 
Elliott,  Ezekiel  B.,  Government  Actuary,  Treasury  Dept.,  Washington, 

D.  C.  (10).     1874. 
Elsberg,  Louis,  M.D.,  614  Fifth  Avenue,  New  York,  N.  Y.  (28).    1874. 


FELLOWS.  Ixix 

Emerson,  Prof.  Benjamin  K.,  Amherst,  Mass.  (19).    1877. 

Emerson,  Prof.  C.  F.,  Dartmouth  College,  Hanover,  N.  H.  (22).    1874. 

Emerton,  James  II.,  Salem,  Mass.  (18).     1875. 

Emmons,  S.  F.,  Box  2836,  Denver,  Col.  (26).    1879. 

Engelmann,  Dr.  George,  St.  Louis,  Mo.  (1).     1875. 

Engelroann,  Geo.  J.,  M.  D.,  3003  Locust  St.,  St.  Louis,  Mo.  (25).    1878. 

Ernst,  Carl  W.,  Daily  Advertiser,  Boston,  Mass.  (23).     1874. 

Eustis,  Prof.  Henry  L.,  Cambridge,  Mass.  (2).     1874. 

E^ans,  Asher  B.,  Principal  Union  School,  Lockport,  N.  Y.  (19).     1874. 

Fairbanks,  Henry,  Ph.  D.,  St.  Johnsbury,  Vt.  (14).     1874.     . 
Fairchild,  H.  L.,  102  E.  62d  St.,  New  York,  N.  Y.  (28).     1883. 
Farlow,  Dr.  W.  G.,  6  Park  Square,  Boston,  Mass.  (20).     1875. 
Farmer,  Moses  G.,  Torpedo  Station,  Newport,  R.  I.  (9).     1875. 
Farquharson,  Dr.  Robert  James,  Des  Moines,  Iowa  (24).    1880. 
Ferguson,  MuJ.  Thos.  B.,  Ass't  U.  S.  Fish  Commissioner,  Washington, 

D.  C.  (28).     1881. 
Femald,  Prof.  Charles  H.,  State  Agricultural  College,  Orono,  Me.  (22). 

1881. 
Femald,  Prof.  M.  C,  State  Agricultural  College,  Orono,  Mo.  (22).     1883. 
Ferrcl,  \Vm.,  U.  S.  Coast  Survey  Office,  Washington,  D.  C.  (11).    1875. 
Ficklin,  Prof.  Joseph,  Univ.  of  Missouri,  Columbia,  Mo.  (20).     1878. 
Fitch,  Edward  H.,  Jefferson,  Ashtabula  Co.,  Ohio  (11).     1874. 
Fletcher,  Miss  Alice  C,  care  Peabody  Museum,  Cambridge,  Mass.  (29). 

1883. 
Fletcher,  James,  Library  of  Parliament,  Ottawa,  Can.  (31).     1883. 
Fletcher,  Dr.  Robert,  Surgeon  Generars  Office,  Washington,  D.  C.  (29). 

1881. 
Flint,  James  M.,  Surgeon  U.  S.  N.,  42  Dartmouth  St.,  Boston,  Mass.  (28). 

1882. 
Foote,  Dr,  A.  E.,  1223  Belmont  Avenue,  Philadelphia,  Pa.  (21).     1874. 
Forbes,  Prof.  S.  A.,  Normal,  111.  (27).     1879. 
Frazer,   Dr.   Persifor,   Ass*t  Geologist,   2d  Gcol.   Survey  of  Pa.,  917 

Clinton  St.,  Philadelphia,  Pa.  (24).     1879. 
Frazler,  Prof.  B.  W.,  The  Lehigh  University,  Bethlehem,  Pa.  (24).     1882. 
Freeman,  H.  C,  Alto  Pass,  Union  Co.,  111.  (17).     187G. 
Freeman,  Spencer  II.,  Adelkert  College,  Cleveland,  Ohio  (29).     1883. 
French,  Prof.  Thomas,  jr.,  Univ.  of  Cincinnati,  Cincinnati,  Ohio  (30). 

1883. 
Frisby,  Prof.  Edgar,  U.  S.  N.  Observ.,  Washington,  D.  C.  (28).    1880. 
Fuller,  Andrew  S.,  Ridgewood,  Bergen  Co.,  N.  J.  (24).     1882. 

Gage,  Simon  Henry,  Ithaca,  N.  Y.  (28).     1881. 
Gardiner,  Rev.  Frederic,  D.D.,  Mlddletown,  Conn.  (28).     1874. 
Gardner,  James  T.,  Director  N.  Y.  State  Survey,  Albany,  N.  Y.  (25).     1879. 
Garland,  Rev.  Dr.  L.  C,  Chancellor  Vanderbllt  Univ.,  Nashville,  Tenn. 
(25).     1877. 


IXX  FELLOWS. 

OarmaD,  S.»  Musenin  Comp.  Zoology,  Cambridge,  Mass.  (20).   1874. 

Gatschet,  Albert  8.,  Bureau  of  Ethnology,  Washington,  D.  C.  (80).    1882. 

Genth,  Prof.  F.  A.,  Univ.  of  Pennsylvania,  Philadelphia,  Pa.  (24).    1875, 

Gilbert,  G.  K.,  Box  240,  Salt  Lake  City,  Utah  (18).    1874. 

Giliman,  Henry,  155  Adams  Avenue  East,  Detroit,  Mich.  (24).     1875. 

Gllman,  Daniel  C,  President  of  the  Johns  Hopkins  University,  BalUmoret 

•       Md.  (10).     1875. 

Goessman,  Prof.  C.  A.,  Mass.  Agric.  Coll.,  Amherst,  Mass.  (18).    1875. 

Goldschmidt,  S.  A.,  Ph.  D.,  Morse  Building,  140  Nassau  St.,  New  York, 

N.  y.  (24).     1880. 
Gooch,  Frank  A.,  U.  S.  Geological  Survey,  Newport,  R.  I.  (25).     1880. 
GOodale,  Prof.  G.  L.,  Botanic  Gardens,  Cambridge,  Mass.  (18).     1875. 
Goode,  Prof.  G.  Brown,  Curator  National  Museum,  Washington,  D.  C. 

(22).     1874. 
Good  fellow,  Edward,  Ass't  U.  S.  Coast  and  Geodetic  Survey,  Washington, 

D.  C.  (24).     1879. 
Grant,  Mrs.  Mary  J.,  Brookfleld,  Conn.  (23).    1874. 
Gray,  Prof.  Asa,  Botanic  Gardens,  Cambridge,  Mass.  (1).    1875. 
Gray,  Elislm,  Ph.  D.,  Highland  Park,  111.  (32).    1883. 
Green,  Traill,  lif.  D.,  Easton,  Pa.  (1).    1874. 

Grimes,  J.  Stanley,  406  Sycamore  St.,  Milwaukee,  Wis.  (17).    1874. 
Grote,  Aug.  R.,  New  Brighton,  Staten  Island,  N.  Y.  (22).    1875. 
Gulley,  Prof.  Frank  A.,  Agricultural  College,  Oktibbeha  Co.,  Miss.  (30). 

1883. 
Guyot,  Prof.  Arnold,  Princeton,  N.  J.  (1).    1875. 

Hagen,  Dr.  Hermann  A.,  Mus.  Comp.  Zool.,  Cambridge,  Mass.  (17).  1875. 

Hague,  Arnold,  10  West  29th  St.,  New  York,  N.  Y.  (2G).    1879. 

Hale,  Horatio,  Clinton,  Ontario,  Can.  (30).     1882. 

Hall,  Prof.  Asaph,  U.  S.  Naval  Observ.,  Washington,  D.  C.  (25).    1877. 

Hall,  Prof.  C.  W.,  Univ.  of  Minnesota,  Minneapolis,  Minn.  (28).    18S3. 

Hall,  Edwin  H.,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (29).    1881. 

Hall,  Pi-of.  James,  Albany,  N.  Y.  (1).    1876. 

Hamlin,  Dr.  A.  C,  Bangor,  Me.  (10).     1874. 

Haxamax,  C.  E.,  Troy,  N.  Y.  (19).    1883. 

Hardy,  Prof.  A.  S.,  Dartmouth  College,  Hanover,  N.  H.  (28).  1883. 

Harger,  Oscar,  Yale  College  Museum,  New  Haven,  Conn.  (25).    1879. 

Hakkness,  Prof.  Wm.,  U.  S.  N.,  U.  S.  Observatory,  Washington,  D.  C. 

(26).     1878. 
Harrington,  Prof.  Mark  W.,  Ann  Arbor,  Mich.  (22).    1875. 
Harrison,  Dr.  B.  F.,  Walllugford,  Conn.  (11).    1874. 
Hasbrouck,  Prof.  I.  E.,  Rutgers  Coll.,  New  Brunswick,  N.  J.  (23).  1874. 
Iloskins,  Rev.  David  Greene,  Cambridge,  Mass.  (25).     1874. 
Hastings,  C.  S.,  Johns  Hopkins  University,  Baltimore,  Md.  (25).    1878. 
Hazen,  Brig.  Gen.  Wm.  B.,  Chief  Signal  Office,  U.  S.  A.,  Washiogton, 

D.  C.  (30).    1882. 
Hedrick,  B.  S.,  Ezam'r  U.  S.  Pat.  Office,  Washington,  D.  C.  (19).    1874. 


FELLOWS.  Ixzi 

Henderson,  John  G.,  Winchester,  lU.  (25).    1879. 

Henshaw,  Henry  W.,  Care  Mi^or  J.  W.  Powell,  910  M  St.,  Washington, 

D.  C.  (24).    1877. 
Hervey,  Rev.  A.  B.,  Taunton,  Mass.  (22).    1879. 
Hilgard,  Prof.  E.  W.,  Univ.  of  California,  Berkeley,  Cal.  (11).    1874. 
Hllgard,  Prof.  J.  E.,  U.  S.  Coast  Survey,  Washington,  D.  C.  (4).    1874. 
Hill,  Franklin  C,  P.  O.  Box  838,  Princeton,  N.  J.  (29).     1881. 
Hill,  George  W.,  Nautical  Almanac  Office,  Navy  Department,  Washington, 

D.  C.  (23).     1874. 
Hill,  Kev.  Dr.  Thomas,  738  Congress  St.,  Portland,  Me.  (8).    1876. 
Hill,  Walter  N.,  Chester,  Pa.  (29).    1881. 
Himes,  Prof.  Charles  F.,  Carlisle,  Pa.  (29).     1882. 

Hinrichs,  Prof.  Gustavus,  State  University,  Iowa  City,  Iowa  (17).     1874. 
Hitchcock,  Prof.  Charles  H.,  Hanover,  N.  H.  (11).     1874. 
Hitchcock,  Romyn,  53  Maiden  Lane,  New  York,  N.  Y.  (29).     1881. 
Hodges,  N.  D.  C,  Salem,  Mass.  (29).     1882. 

Hoffmann,  Dr.  Fred.,  797  Sixth  Ave.,  New  York,  N.  Y.  (28).     1881. 
Holden,  Prof.  E.  S.,  Director  Washburn  Observatory,  Univ.  of  Wisconsin, 

Madison,  Wis.  (23).     1875. 
Holman,  Silas  W.,  Mass.  Inst,  of  Technology,  Boston,  Mass.  (31).     1883. 
Holmes,  Dr.  Oliver  Wendell,  296  Beacon  St.,  Boston,  Mass.  (29),   1881. 
Holmes,  Wm.   IL,   Smithsonian  Institution,  Washington,  D.  C.     (30). 
Horsford,  Prof.  E.  N.,  Cambridge,  Mass.  (1).    1876.  [1883. 

Hosea,  Lewis  M.,  Johnston  Building,  Cincinnati,  Ohio  (30).     1883. 
Hough,  Franklin  B.,  Lowville,  N.  Y.  (4).     1874. 

Hough,  G.  W.,  Director  Dearborn  Observatory,  Chicago,  III.  (15).     1874. 
Hovey,  Rev.  Horace  C,  Minneapolis,  Minn,  (29).     1883. 
Hoy,  Phllo  R.,  M.D.,  Racine,  Wis.  (17).    1875. 
Hunt,  George,  Providence,  R.  I.  (9).     1874. 
Hunt,  Dr.  T.  Sterry,  Montreal,  Canada  (1).     1874. 
Huntington,  Prof.  J.  H.,  Boston,  Mass.  (19).     1874. 
Hyatt,  Prof.  Alpheus,  Natural  History  Society,  Boston,  Mass.  (18).   1875. 
Hyatt,  James,  Stanford viUe,  Dutchess  Co.,  N.  Y.  (10).    1874. 
Hyde,  Prof.  E.  W.,  Walnut  Hills,  Cincinnati,  Ohio  (25).   1881. 

James,  Jos.  F.,  177  Race  St.,  Cincinnati,  Ohio  (30).    1882. 

Jeffries,  B.  Joy,  M.  D.,  15  Chestnut  St.,  Boston,  Mass.  (29).     1881. 

Jenks,  Ellsha  T.,  Mlddleborough,  Mass.  (22).     1874. 

Jenks,  Prof.  J.  W.  P.,  Mlddleborough,  Mass.  (2).     1874. 

Jewell,  Theo.  F.,  Lt.  Comdr.  U.S.N.,  Torpedo  Station,  Newport,  R,  I. 

(25).     1882. 
Jillson,  Dr.  B.  C,  Illinois  Industrial  Univ.,  Champaign,  111.  (14).     1881. 
Johnson,  Prof.  S.  W.,  Sheffield  Scl.  School,  New  Haven,  Conn.  (22).  1874. 
Johnson,  Prof.  W.  W.,  Annapolis,  Md.  (29).    1881. 
Joy,  Prof.  Charles  A.,  Stockbrldge,  Mass.  (8).    1879. 
Julien,  A.  A.,  School  of  Mines,  Columbia  Coll.,  New  York,  N.  Y.  (24).  1875, 

Kedzie,  Prof.  Robert  C,  Lansing,  Mich.  (29).    1881. 


Ixxii  FELLOWS. 

Kendall,  Prof.  E.  Otis,  8826  Locust  St.,  Philadelphia,  Pa.  (29).    1S82. 

KennaD,  George,  1818  Mass.  Avenue,  Washington,  D.  C.  (30).     I8S2. 

Kent,  William,  Pittsburgh,  Pa.  (26)..  1881. 

Kerr,  Prof.  W.  C,  Raleigh,  N.  C.  (10).    1874. 

Kershner,  Prof.  JelTerson  E.,  Lancaster  City,  Pa.  (29).     1888. 

Klnnicutt,  Leonard  P.,  Worcester,  Mass.  (28).    1883. 

Kirkwood,  Prof.  Daniel,  Bloomlngton,  Ind.  (7).    1874. 

Kuuz,  G.  F.,  care  Tiffany  and  Co.,  New  York,  N.  Y.  (20).    1883. 

Lambert,  Rev.  Thomas  R.,  D.D.,  Charlcstown,  Mass.  (18).    1874. 
Langdon,  Dr.  F.  W.,  Go  West  7th  St.,  Cincinnati,  Ohio  (30).     1882. 
Langley,  Prof.  J.  W.,  Univ.  of  Michigan,  Ann  Arbor,  Mich.  (23).    1875. 
Langley,  Prof.  S.  P.,  Director  of  Observatory,  Allegheny,  Pa.  (18).   1874. 
Lanza,  Prof.  Gaetano,  Mass.  Inst,  of  Technology,  Boston,  Mass.  (29) 

1882. 
Larkin,  Edgar  L.,  New  Windsor,  Mercer  Co.,  111.  (28).    1883. 
Lattlmore,  Prof.  S.  A.,  Univ.  of  Rochester,  Rochester,  N.  Y.  (15).    1874. 
Lawrence,  Geoi-ge  N.,  45  E.  21st  St.,  New  York,  N.  Y.  (7).    1877. 
Lazenby,  Prof.  Wm.  R.,  Ithaca,  N.  Y.  (30).    1882. 
Lea,  Dr.  Isaac,  1G22  Locust  St.,  Philadelphia,  Pa.  (1).    1875. 
LeConte,  Prof.  Joseph,  Univ.  of  Cal.,  Berkeley,  Cal.  (29).    1881. 
Ledoux,  Albert  R.,  Ph.  D.,  17  Cedar  St.,  New  York,  N.  Y.  (26).     1881. 
Leeds,  Prof.  Albert  R.,  Stevens  Institute,  Hoboken,  N.  J.  (23).    1874. 
Lesley,  Prof.  J.  Peter,  State  Geol.  of  Pa.,  1008  Clinton  St.,  Philadelphia. 

Pa.  (2).     1874. 
Lewis,  Prof.  Henry  C,  E.  Washington  Lane,  Germantown,  Pa.  (26).  1880. 
Lilly,  Gen.  Wm.,  Mauch  Chunk,  Carbon  Co.,  Pa.  (28).    1882.    Patron. 
Llndsley,  Dr.  J.  Berrien,  Nashville,  Tenn.  (1).    1874. 
Llntner,  J.  A.,  N.  Y.  State  Mus.  of  Nat.  Hist.,  Albany,  N.  Y.  (22).    1874. 
Little,  W.  C,  Albany,  N.  Y.  (22).     1874. 

Litton,  Abram,  Washington  University,  St.  Louis,  Mo.  (28).    1879. 
Lockwood,  Rev.  San^uel,  Freehold,  Monmouth  Co.,  N.  J.  (18).    1875. 
Loomis,  Prof.  Ellas,  New  Ilavcn,  Conn.  (1).    1874. 
Lord,  Prof.  Nat.  W.,  State  Univ.,  Columbus,  Ohio  (29).    1S81. 
Loudon,  Prof.  James,  Toronto,  Can.  (25).    1881. 
Loughrldge,  Prof.  R.  II.,  Berkeley,  Cal.  (21).    1874. 
Love,  Edward  G.,  School  of  Mines,  Columbia  College,  New  York,  N.  Y. 

(24).     1882. 
Levering,  Prof.  Joseph,  Harvard  University,  Cambridge,  Mass.  (2).    1875. 
Lull,  Edward  P.,  Captain  U.  S.  N.,  Navy  Yard,  Boston,  Mass.  (28), 

1880. 
Lupton,  Prof.  N.  T.,  Vanderbllt  University,  Nashville,  Tenn.  (17).  1874. 
Lyle,  David  Alexander,  Capt.  of  Ordnance  U.  S.  A.,  National  Ai-moiy, 

Springfield,  Mass.  (28).     1880. 
Lyman,  Prof.  Chester  S.,  New  Haven,  Conn.  (4).    1875. 
Lyman,  Hon.  Theodore,  Brookllne,  Mass.  (23).    1875. 
Lyon,  Dr.  Henry,  34  Monument  Sq.,  Charlestown,  Mass.  (18).    1874. 


FELLOWS. 


Ixxiii 


Habery,  Prof.  C.  F.,  Case  School  of  Applied  Science,  Cleveland,  Ohio 

(20).    1881. 
Macfarlune,  James,  Towandn,  Pa.  (29).    1882. 
Mackintosh,  James  B.,  School  of  Mines,  Columbia  College,  New  York^ 

N.  Y.  (27).     1883. 
Macloskle,  Prof.  George,  College  of  New  Jersey,  Princeton,  N.  J.  (25). 

1882. 
Mallery,  Brevet  Lieut.  Col.  Garrick,  U.  S.  Army,  Box  685,  Washington, 

D.  C.  (26).     1879. 
Mann,  B.  Pickman,  U.  S.  Dep't  of  Agric,  Washington,  D.  C.  (22).  1874. 
Marcy,  Oliver,  LL.D.,  Evanston,  111.  (10).     1874. 
Mark,  Edw.  L.,  48  Shepard  St.,  Cambridge,  Mass.  (21).     1879. 
Markoe,  Geo.  F.  H.,  01  Warren  St.,  Roxbury,  Mass.  (29).     1881. 
Marsh,  Prof.  O.  C,  Yale  College,  New  Haven,  Conn.  (15).     1874. 
Martin,  Prof.  Daniel  S.,  Rutgers  Female  College,  New  York,  N.  Y.  (23). 

1879. 
Martin,  Prof  H.  Newell,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (27).  1880. 
Mason,  Prof.  Otis  T.,  Columbian  University,  Washington,  D.  C.  (25).  1877. 
Mayor,  Prof.  A.  M.,  So.  Orange,  N.  J.  (19).     1874. 
McCauley,  Capt.  C.  A.  H.,   Ass*t  Q.  M.,  U.  S.  A.,  821  Michigan   Ave., 

Chicago,  III.  (29).     1881. 
McGee,  W.  J.,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (27).    1882. 
McMurtrle,  William,  Dcp't  Agriculture,  Washington,  D.  C.  (22).    1874. 
McNalr,  Lt.  Commander   Antolne   R.,    U.  S.  N.,  Box  1071,  Saratoga 

Springs,  N.  Y.  (28).     1882. 
McRae,  Hamilton  S.,  Supt.  of  Schools,  Muucic,  Ind.  (20).     1874. 
Meehan,  Thomas,  Gcrmantown,  Pa.  (17).    1875. 
Mees,  Carl  Leo,  Columbus,  Ohio  (24).     1876. 
Mendenhall,  Prof.  T.  C,  Columbus,  Ohio  (20).    1874. 
Merriman,  C.  C,  Rochester,  N.  Y.  (29).    1880. 
Mlchelsou,  A.  A.,  Master  U.  S.  N.,  Nautical  Almanac  Office,  Washington, 

D.  C.  (26).     1879. 
Minot,  Charles  Sedgwick,  Roslindale  P.  0.,  Boston,  Mass.  (28).    1880. 
Mitchell,  Miss  Maria,  Vassar  College,  Poughkeepsle,  N.  Y.  (4).     1874. 
Mixter,  Prof.  Wm.  G.,  New  Haven,  Conn.  (30).     1882. 
Moore,  Prof.  J.  W.,  M.  D.,  Lafayette  College,  Easton,  Pa.  (22).     1874. 
Morley,  Prof.  Edward  W.,  749  Republic  St.,  Cleveland,  Ohio  (18).     1876. 
Morris,  Rev.  John  G.,  Baltimore,  Md.  (12).     1874. 
Morse,  Prof.  E.  S.,  Salem,  Mass.  (18).    1874. 

Morton,  H.,  Stevens  Institute  Technology,  Hoboken,  N.  J.  (18).    1875. 
Moses,  Prof.  Thos.  F.,  Urbaua  Univ.,  Urbrna,  Ohio  (25).     1883. 
Mnnroe,  Prof.  C.  E.,  U.  S.  Naval  Academy,  Annapolis,  Md.  (22).    1874. 
Martfeldt,  Miss  Maiy  E.,  Elrkwood,  Mo.  (27).     1881. 


Nason,  Prof.  H.  B.,  Rensselaer  Polytechnic  Inst.,  Troy,  N.  Y.  (13).    1874. 
Neale,  Arthur  T.,  Ph.  D.,  New  Brunswick,  N.  J.  (29).    1882. 
Kelson,  Prof.  A.  B.,  Centre  College,  Danville,  Ky.  (SO).    1882. 


IXXiV  FELLOWS. 

Nelson,  Prof.  Edward  T.,  Delaware,  Delaware  Co.,  Ohio  (24).    1877. 
Newberry,  Prof.  J.  S.,   Cleveland,  Ohio,  and   Colambia  College,  New 

York,  N.  Y.  (5).     1875. 
Newcomb,  Prof.  S.,  U.  S.  Naval  Observ.,  Waflhington,  D.  C.  (13).    1874. 
Newton,  Hubert  A.,  New  Haven,  Conn.  (6).    1874. 
Nichols,  £.  Lm  Ph.  D.,  Central  Univ.  Richmond,  Ky.  (28).     1881. 
Nichols,  Prof.  W.  B.,  Mass.  Inst.  Technology,  Boston,  Mass.  (18).   1875. 
Nlles,  Prof.  \V.  H.,  Cambridge.  Mass.  (IG).    1874. 
Nipher,  Prof.  F.  £.,  Washington  University,  St.  Louis,  Mo.  (24).    1876. 
Norton,  Prof.  W.  A.,  New  Haven,  Conn.  (6).    1875. 
Norwood,  Charles  J.,  Ass*t  Kentucky  Geological  Survey,  Russelirille, 

Ky.  (26).     1881. 

Oliver,  Prof.  James  £.,  Cornell  University,  Ithaca,  N.  Y.  (7).    1875. 
Oliver,  Miss  Mary  £.,  Cascadilla  Hotel,  Ithaca,  N.,Y.  (20).     1874. 
Ordwuy,  Prof.  John  M.,  Moss.  Inst.  Technology,  Boston,  Mass.  (9). 

1875. 
Orton,  Prof.  £dward,  President  Ohio  Agricultural  and  Mechanical  College, 

Columbus,  Ohio  (10).     1875. 
Osborn,  Henry  F.,  S.  D.,  Garrisons,  N.  Y.  (29).    1883. 
Osborne,  J.  W.,  212  Delaware  Ave.  N.  £.,  Washington,  D.  C.  (22).  ^874. 
Osier,  Prof.  William,  McGlll  College,  Montreal,  Canada  (28).    1881. 
Owen,  Dr.  Richard,  New  Harmony,  Ind.  (20).     1874. 

Packard,  Dr.  A.  S.,  Jr.,  115  Angell  St.,  Providence,  R.  I.  (16).    1875. 

Paine,  Cyrus  F.,  Rochester,  N.  Y.  (12).    1874. 

Paine,  Nathaniel,  Worcester,  Mas'  .  (18).     1874. 

Palfray,  Hon.  Charles  W.,  Salem,  Mass.  (21).    1874. 

Parke,  John  G.,  Lt.  Col.  Corps  of  £ng*rs,   Bv*t   MaJ.  Gen.  U.  S.  A.^ 

Office  of  Chief  of  Engineers,  Washington,  D.  C.  (29).     1881. 
Parkhurst,  H.  M.,  Law  Stenographer,  25  Chambers  St.,  New  York,  N.  Y, 

(23).     1874. 
Payne,  Prof.  Wni.  W.,  Carleton  College,  Northfleld,  Minn.  (30).    1883. 
Peckham,  S.  F.,  Providence,  R.  I.  (18).     1875. 
Pedrick,  Wm.  R.,  Lawrence,  Mass.  (22).     1875. 
Peet,  Rev.  Stephen  D.,  Clinton,  Wis.  (24).     1881. 
Penhallow,  Prof.  D.  P.,  McGill  College,  Montreal,  Can.  (30).    1882. 
Perkins,  Prof.  George  H.,  Burlington,  Vt.  (17).    1882. 
Perkins,  Maurice,  Schenectady,  N.  Y.  (15).    1876. 
Peter,  Dr.  Robert,  Ky.  Geol.  Survey,  Lexington,  Ky.  (29).    1881. 
Pettee,  Prof.  William  H.,  Ann  Arbor,  Mich.  (24).     1875. 
Phillips,  A.  W.,  New  Haven,  Conn.  (24).     1879. 
Phippen,  Geo.  D.,  Salem,  Mass.  (18).     1874. 

Pickering,  Prof.  E.  C,  Director  of  Observ.,  Cambridge,  Mass.  (18).  1875. 
Pickerln;;,   William  H.,  84  Mount  Vernon   St.,    Boston,    Mass.    (29). 

1883. 
Pike,  Dr.  William  H.,  University  College,  Toronto,  Can.  (29).    1881. 
Pilling,  James  C,  Box  585,  Washington,  D.  C.  (28).     1882. 


FELLOWS.  IXXV 

natt,  Franklin,  Ass*t  Geologist,  2nd  Geol.  Survey  of  Pa.,  615  Walnut 

St.,  Philadelphia,  Pa.  (27).    1882. 
Potter,  Prof.  William  B.,  Washington  University,  St.  Louis,  Mo.  (25). 

1879.  [1875. 

Powell,  Major  J.  W.,  U.  S.  Geologist,  910  M  St.,  Washington,  D.  C.  (28). 
Prentiss,  D.  Webster,  M.  D.,  Washington,  D  C.  (29).    1882. 
Prescott,  Prof.  Albert  B.,  Ann  Arbor,  Mich.  (28).     1875. 
Prime,  Frederick,  jr.,  Allentown  Iron  Co.,  230  So.  3d  St.,  Philadelphia, 

Pa.  (24).     1875. 
Pritchett,  Henry  S.,  Observatory,  Washington  Univ.,  St.  Louis,  Mo. 

(29).     1881. 
Procter,  John  R.,  Director  Ky.  Geol.  Survey,  Frankfort,  Ky.  (20).    1881. 
Pulslfer,  Wm.  H.,  St.  Louis,  Mo.  (26).     1879. 

Pnmpelly,  Prof.  Raphael,  U.  S.  Geol.  Survey,  Newport,  R.  I.  (17).     1875. 
Putnam,  F.  W.,  Curator  Peabody  Museum  Archaeology  and  Ethnology, 

Cambridge,  Mass.     Address  as  Permanent  Secretary  A.  A.  A.  S., 

Salem,  Mass.  (10).    1874. 
Putnam,  James  J.,  M.  D.,  G3  Marlborough  St.,  Boston,  Mass.  (28).    1880. 
Pynchon,  Rev.  T.  R.,  Pres.  Trinity  College,  Hartford,  Conn.  (23).    1875. 

Quimby,  Prof.  E.  T.,  Hanover,  N.  H.  (22).     1874. 

QuiDcy,  Edmund,  88  Clinton  St.,  Boston,  Mass.  (11).    1874. 

Raocb,  Dr.  John  H.,  Chicago,  111.  (11).     1875. 

Raymond,  Rosslter  W.,  17  Burling  Slip,  New  York,  N.  Y.  (16).     1875. 

Bedfleld,  J.  H.,  care  A.  Whitney  &  Sons,  Philadelphia,  Pa.  (1).    1874. 

Reed,  E.  Baynes,  London,  Ontario,  Can.  (27).     1882. 

Recs,  Prof.  John  K.,  Columbia  College,  New  York,  N.  Y.  (26).    1878. 

Remsen,  Prof.  Ira,  Johns  Hopkins  University,  Baltimore,  Md.  (22).  1875 

Rice,  John  M.,  U.  S.  Naval  Academy,  Annapolis,  Md.  (25).     1881. 

Rice,  Prof.  Wm.  North,  Middletown,  Conn.  (18).     1874. 

Richards,  Prof.  Robert  H.,  Mass.  Inst.  Tech.,  Boston,  Mass.  (22).    1875. 

Richards,  Mrs.  Robert  H.,  Mass.  Inst,  of  Tech.,  Boston,  Mass.  (28). 

1878. 
Ricketts,  Pierre  de  Peyster,  Ph.D.,  10  Cedar  St.,  New  York,  N.  Y.  (26). 

1880. 
RiLET,  Prof.  C.  V.,  U.  S.  Entomologist,  1700  13th  St.N.W.,Washlngton, 

D.  C.  (17).     1874. 
Ritchie,  E.  S.,  150  Tremont  St.,  Boston,  Mass.  (10).    1877. 
Robinson,  Prof.  S.  W.,  Univ.  of  Ohio,  Columbus,  Ohio  (80).     1883. 
Rockwell,  Gen.  Alfred  P.,  Office  Great  Falls  Manufacturing  Co.,  Boston, 

Mass.   (10).     1882. 
Rockwell,  Chas.  H.,  Box  293,  Tarrytown,  N.  Y.  (28).     1883. 
Rockwood,  Prof.  Charles  G.,  jr.,  Princeton,  N.  J.  (20).     1874. 
Rogers,  Falrman,  203  West  Rlttenhouse  Square,  Philadelphia,  Pa. (11). 

1874. 
Rogers,  Prof.  Rob*t  E.,  Jefferson  Med.  Coll.,  Philadelphia,  Pa.  (18).    1874. 
Rogers,  W.  A.,  Ass't  Prof.  Harvard  College  Observ.,  Cambridge,  Mass. 


IZZVi  FELLOWS. 

(15).     1876. 
RomlDger,  Dr.  Carl,  Ado  Arbor,  Mich.  (21).     1879. 
Rood,  Prof.  O.  N.,  Cor.  E.  49th  St.  &  Madison  Ave.,  New  York,  N.  Y.  (U) 

1875. 
Roosevelt,  Clinton,  11  Wall  St.,  New  York,  N.  Y.  (11).     1874. 
Rosenspitz,  Dr.  Alexander,  Rabbi,  Lock  Box  430,  Portland,  Oi*egon,  (26). 

1883. 
Ross,  Waldo  0.,  189  Devonshire  St.,  Boston,  Mass.  (29).     1882. 
Rowland,  Prof.  Henry  A.,  Baltimore,  Md.  (29).     1880. 
Runkle,  Prof.  J.  D.,  Mass.  Inst,  of  Tech..  Boston,  Mass.  (2).     1875. 
Russell,  I.  C,  U.  S.  Geological  Survey,  Salt  Lake  City,  Utah  (25).     1882. 
Rutherford,  Lewis  M.,  175  Second  Ave.,  New  York,  N.  Y.  (13).     1875. 

Safibrd,  Dr.  James  M.,  Nashville,  Tenn.  (6).    1875. 

Sampson,  Comdr.  W.  T.,  U.  S.  N.,  Naval  Observatory,  Washington,  D.  C 

(25).     1881. 
Saunders,  William,  London,  Ontario,  Canada  (17).    1874. 
Schanck,  Prof.  J.  StlUwcil,  Princeton,  N.  J.  (4).     1882. 
Schott,  Charles  A.,  U.  S.  Coast  and  Geodetic  Survey  Office,  Washington. 

D.  C.  (8).     1874. 
Schweitzer,  Prof.  Paul,  State  Univ.  of  Mo.,  Columbia,  Mo.  (24).     1877. 
ScuDDER,  Samuel  11.,  Cambridge,  Mass.  (13).     1874. 
Seaman,  W.  H.,  Mlcroscopist,  1424  11th  St.  N  W.,  Washington,  D.  C.  (23). 

1874. 
Seller,  Carl,  M.  D.,  Philadelphia,  Pa.  (29).     1882. 
Sestlnl,  Rev.  B.,  Woodstock,  Md.  (29).     1882. 
Sheafer,  P.  W.,  Pottsvllle,  Pa.  (4).     1879. 

Sias,  Solomon,  M.D.,  Schoharie,  Schoharie  Co.,  N.  Y.  (10).     1874. 
Sigsbee,  Cbas.  D.,  Comd'r  U.  S.  N.,  Navy  Dep't,  Washington,  D.  C.  (28). 

1882. 
Sill,  Hon.  EUsha  N.,  Cuyahoga  Falls,  Ohio  (6).     1874. 
Sllllman,  Prof.  Be^j.,  Yale  College,  New  Haven,  Conn.  (1).     1874. 
SlUiman,  Prof.  Justus  M.,  Lafayette  College,  Easton,  Pa.  (19).    1874. 
Skinner,  Joseph  J.,  131  Devonshire  St.,  Boston,  Mass.  (23).     1880. 
Smiley,  Charles  W.,  Smithsonian  Institution,  Washington,  D.  C.  (2$). 

1883. 
Smith,  Prof.  E.  A.,  University  of  Alabama,  Tuscaloosa,  Ala.  (20).    1877. 
Smith,  Edwin,  Ass't  U.  S.  Coast  and  Geodetic  Survey,  Washington,  D.  C. 

(;]0).     1882. 
Smith,  Mrs.  Ermlnnie  A.,  203  Pacific  Ave.,  Jersey  City,  N.  J.  (25).    1880. 
Smith,  Prof.  F.  U.,  University  of  Virginia,  Charlottesville,  Va.  (2G).    1880. 
Smith,  Quintius  C,  M.  D.,  Box  707,  Austin,  Texas  (26).     1881. 
Smith,  Prof.  S.  I.,  Yale  College,  New  Haven,  Conn.  (18).     1875. 
Smock,  Prof.  John  Conover,  Box  282,  New  Brunswick,  N.  J.  (23).    1879. 
Snow,  Prof.  F.  II.,  Lawrence,  Kan.  (29).    1881. 
Snyder,  Prof.  Monroe  B.,  High  School  Observatory,  Philadelphia,  Pa.  (84). 

1882. 


FELLOWS.  IxXVii 

Spencer,  Prof.  J.  William,  Uulv.  of  Missouri,  Columbia,  Mo.  (28).    1882. 

Spencer,  John  W.,  Geol.,  Paxton,  Sullivan  Co.,  Ind.  (20).     1874. 

Springer,  Dr.  Alfied,  Box  673,  Cincinnati,  Ohio  (24).     1880. 

Stallo,  J.  B.,  Masonic  Temple,  Cinckinati,  Ohio  (30).    1882. 

Stanard,  Benjamin  A.,  Cleveland,  Ohio  (6).    1874. 

Stearns,  Henry  P.,  M.D.,  Hartford,  Conn.  (23).     1874. 

Stearns,  R,  E.  C,  Box  13,  Berkeley,  Cal.  (18).    1874. 

Steiner,  Dr.  Lewis  II.,  Frederick  City,  Md.  (7).     1874. 

Stepiicns,  \V.  Hudson,  Lowville,  N.  Y.  (18).     1874. 

Sternberg,  George  M.,  Surgeon  U.S.A.,  Care  Surgeon  General,  U.S.A., 

Washington,  D.  C.  (24).     1880. 
Stevens,  W.  LeConte,  170  Joraleraon  St.,  Brooklyn,  N.  Y.  (29).     1882. 
Stockwcll,  John  N.,  579  Case  Avenue,  Cleveland,  Ohio  (18).     1875. 
Stone,  George  II.,  Colorado  Springs,  Col.  (29).     1882. 
Stone,  Mrs.  licander,  3352  Indiana  Avenue,  Chicago,  111.  (22).     1874. 
Stone,  Ormoud,  Director  Leander  McCormlck  Observatory,  Univ.  of  Va., 

Va.  (24).     1876. 
Storrs,  Henry  E.,  Jacksonville,  111.  (20).     1874. 
Story,  Wra.  E.,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (29).     1881. 
Stuart,  Prof.  A.  P.  S.,  Lincoln,  Nebraska  (21).     1874. 
Sturtevant,  E.  Lewis,  M.  D.,  Geneva,  N.  Y.  (29)..   1882. 
Sutton,  Dr.  George,  Aurora,  Dearborn  Co.,  Ind.  (20).    1881. 
Swallow,  Prof.  G.  C,  Columbia,  Mo.  (10).     1876. 
Swift,  Lewis,  Ph.  D.,  Rochester,  N.  Y.  (29).     1882. 

Tainter,  Sumner,  1221  Connecticut  Ave.,  Washington,  D.  C.  (29).     1881. 
Tappan,  Prof.  Eli  T.,  Kenyon  College,  Gambler,  Ohio  (20).     1874. 
Taylor,  Arthur  F.,  Ph.  D.,  Case  School  of  Applied  Science,  Cleveland, 

Ohio  (29).     1882. 
Taylor,  Wm.  B.,  Smithsonian  Institution,  Washington,  D.  C.  (29).   1881. 
Terry,  Prof.  N.  M.,  U.  S.  Naval  Academy,  Annapolis,  Md.  (23).     1874. 
Thomas,  BenJ.  F.,  Ph.  D.,  Univ.  State  of  Missouri,  Columbia,  Mo.  (29). 

1882. 
Thomas,  Prof.  Cyrus,  Carbondale,  111.  (30).     1882. 
Thurston,  Prof.  R.  H., Stevens  Institute,  Hoboken,  N.  J.  (23).     1875. 
Todd,  Prof.  David  P.,  Director  Lawrence  Observatory,  Amherst  College, 

Amherst,  Mass.  (27).     1881. 
Townshend,  Prof.  N.  S.,  Columbus,  Ohio  (17).     1881. 
Tracy,  Sam'l  M.,  Columbia,  Boone  Co.,  Mo.  (27).     1881. 
Trembley,  J.  B.,  M  D.,  Oakland,  Alameda  Co.,  Cal.  (17).     1880. 
Trowbridge,  Prof.  John,  Harvard  University,  Cambridge,  Mass.  (25). 

1876. 
Trowbridge,  Prof.  W.  P.,  New  Haven,  Conn.     (10).     1874. 
True,  Fred  W.,  U.  S.  National  Museum,  Washington,  D.  C.    (28).    1882. 
Trumbull,  Dr.  J.  Hammond,  Hartford,  Conn.  (29).     1882. 
Tuttle,  Prof.  Albert  H.,  Columbus,  Ohio  (17).    1874. 

Uhler,  Philip  R.,  Baltimore,  Md.  (19).    1874. 


IzZViii  FELLOWS. 

Upham,  Warreiii  Nashua,  K.  H.  (25).    1880. 

Upton,  Winslow,  Army  Signal  Office,  Washington,  D.  C.  (29).    188S. 

Van  der  Weyde,  P.  H.,  M.  D.,  Box  8619,  New  York,  N.  Y.  (17).    1874. 
Van  Dyck,  Prof.  Francis  Cayler,  New  Brunswick,  N.  J.  (28).     1882. 
Van  Vleck,  Prof.  John  M.,  Middletown,  Conn.  (23).     1875. 
Verrill,  Prof.  A.  E.,  Yale  College,  New  Haven,  Conn.  (IG).     1876. 
Vose,  Prof.  George  L.,  Mass.  Inst.  Technology,  Boston,  Mass.  (15).  1875. 

Wadsworth,  M.  Edward,  Ph.  D.,  Assistant  In  Lithology,  Museum  of  Com- 
parative Zoology,  Cambridge,  Mass.  (23).     1874. 

Walcott,  Charles  D.,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (25).     1882. 

Waldo,  Leonard,  S.  D.,  New  Haven,  Conn.  (28).     1880. 

Walker,  Prof.  J.  R.,  Bay  Saint  Louis,  Hancock  Co.,  Miss.  (19).    1874. 

Walker,  Prof.  Joseph  B.  (20).  1874. 

Wallace,  Wm.,  Ansonla,  Conn.  (28).     1882. 

Waller,  E.,  School  of  Mines,  Columbia  College,  New  York,  N.  Y.  (23). 
1874. 

Walling,  H.  F.,  Cambridge,  Mass.  (16).    1874. 

Wairasley,  W.  H.,  1016  Chestnut  St.,  Philadelphia,  Pa.  (28).     1883. 

Ward,  Prof.  Henry  A.,  Rochester,  N.  Y.  (13).     1875. 

Ward,  Lester  F.,  U.   8.   Geological  Survey,  Washington,  D.  C.  (26). 
1879. 

Ward,  Dr.  R.  H.,  53  Fourth  St.,  Troy,  N.  Y.  (17).     1874. 

Warder,  Prof.  Robert  B.,  Lafayette,  Ind.  (19).    1881. 

Warner,  James  D.,  199  Baltic  St.,  Brooklyn,  N.  Y.  (18).     1874. 

Warren,  Cyrus  M.,  Brookline,  Mass.  (29).    1882. 

Warren,  Prof.  S.  Edward,  Newton,  Mass.  (17).    1875. 

Watson,  Sereno,  Botanic  Gardens,  Cambridge,  Mass.  (22).     1875. 

Wead,  Prof.  Charles  K.,  Univ.  of  Michigan,  Ann  Arbor,  Mich.  (23).  1880. 

Webb.  Prof.  J.  Burkltt,  Ithaca,  N.  Y.  (31).     1883. 

Webster,  Prof.  H.  E.,  Union  College,  Schenectady,  N.  Y.  (23).    1882. 

Webster,  Prof.  N.  B.,  Principal  Webster  Inst.,  Norfolk,  Va.  (7).    1874. 

Wells,  Daniel  H.,  Hartford,  Conn.  (18).     1875. 

Westcott,  O.  S.,  Maywood,  Cook  Co.,  111.  (21).    1874. 

Wheatland,  Dr.  Henry,  President  Essex  Inst.,  Salem,  Mass.  (1).    1874. 

Wheeler,  Capt.  Geo.  M.,  U.  S.  E.,  Lock  Box  93,  Washington,  D.  C.  (25). 
1879. 

Wheeler,  Orlando  B.,  Ass't  U.  S.  Lake  Survey,  Detroit,  Mich.  (24).  1882- 

Whelldon,  W.  W.,  Concord,  Mass.  (13).    1874. 

White,  Prof.  C.  A.,  Le  Droit  Park,  Washington,  D.  C.  (17).     1875. 

White,  Prof.  I.  C,  Univ.  of  W.  Va.,  Morgantown,  W.  Va.  (26).    1882. 

Whitfield,  R.  P.,  American  Museum  Natural  History,  77lh  St.  &  8th  Ave- 
nue, New  York,  N.  Y.  (18).    1874. 
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FELLOWS.  Ixxix 
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Toronto,  Canada  (26).     1876. 
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Wood,  Prof.  De  Volson,  Hoboken,  N.  J.  (29).     1881. 
Wormley,  T.  G.,  Univ.  of  Pennsylvania,  Philadelphia,  Pa.  (20).     1878. 
Worthen,  A.  H.,  Springfield,  111.  (6).     1874. 

Wright,  Prof.  Albert  A.,  Oberiln  College,  Oberiln,  Ohio  (24).    1880. 
Wright,  Prof  Arthur  W.,  Yale  College,  New  Haven,  Conn.  (14).     1874. 
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Yonug,  C.  A.,  Prof,  of  Astronomy,  College  of  New  Jersey,  Princeton, 
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Abbe,  George  W.,  New  York,  N.  Y.  (28).    Died  Sept.  26,  1879. 

Abert,  J.  J.,  Washington,  D.  C.  (1).    Born  in  1785.    Died  January  27, 

18G3. 
Adams,  C.  B.,  Amherst,  Mass.  (1).    Born  January  11,  1814.    Died  Jan*y 
Adams,  Edwin  F.,  Charlestown,  Mass.  (18).  [19,  1853. 

Adams,  Samuel,  Jacksonville,  111.  (18).    Bom  Dec.  19, 1806.     Died  April 

29,  1877. 
Agassiz,  Louis,  Cambridge,  Mass.  (1).    Bom  May  28,  1807.    Died  Dec 
Alnsworth,  J.  G.,  Barry,  Mass.  (14).  [14,  1873. 

Alexander,   Stephen,  Pilnceton,  N.  J.   (1).    Bora  Sept.  1,  1806.    Died 

June  25,  1883. 
Allen,  Thomas,  St.  Louis,  Mo.  (27).    Died  April  8,  1882. 
Allen,  ZacUarlah,  Providence,  R.  I.  (1).    Died  March  17,  1882. 
Allston,  R.  F.  W.,  Georgetown,  S.  C.  (3).    Born  April  21,  1801.    Died 

April  7,  1864. 
Ames,  M.  P.,  Springfield,  Mass.  (1).    Born  in  1808.    Died  April  23,  1847. 
Andrews,  Ebeuezer  B.,  Lancaster,  Ohio  (7).    Died  Aug.  21,  1880,  aged  59* 
Anthony,  Charles  H.,  Albany,  N.  Y.  (6).    Died  in  1874. 
Appleton,  Nathan,  Boston,  Mass.  (1).    Born  Oct.  6,  1779.    Died  July  14 
Armstrong,  John  W.,  Fredonia,  N.  Y.  (^24).  [1861. 

Atwater,  Mrs.  S.  T.,  Chicago,  III.  (17).     Born  Aug.  8, 1812.    Died  April  11, 
Aufrecht,  Louis,  Cincinnati,  Ohio  (30).  [1878. 

Bache,  Alexander  D.,  Washington,  D.  C.  (1).    Bora  July  19,  1806.    Died 

Feb.  17,  18G7. 
Bachc,  Franklin,  Philadelphia,  Pa.  (1).    Bom  Oct.  25, 1792.    Died  March 

19,  18G4. 
Bailey,  Jacob  W.,  West  Point,  N.  Y.  (1).    Born  April  29,  1811.    Died 

Feb.  26,  1857. 
Bardwell,  F.  W.,  Lawrence,  Kan.  (13).    Died  in  1878. 
Barnard,  John  G.,  New  York,  N.  Y.  (14).    Died  May  14,  1882. 
Barrett,  Moses,  Milwaukee,  Wis.  (21).    Died  in  1878. 
Barry,  Redmond,  Melbourne,  Australia  (25). 
Beck,  C.  F.,  Philadelphia,  Pa.  (1). 
Beck,  Lewis  C,  New  Bronswick,  N.  J.  (1).    Bom  Oct.  4,  1798.    Died 

April  21,  1853. 
Beck,  T.  Romeyn,  Albany,  N.  Y.  (1).    Born  Aug.  11,  1791,    DiedNov.  19, 

1855. 
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Belflrage,  G.  W.,  Clifton,  Texas  (29).    Died  Dec.  7,  1882. 

Belt,  Thomas,  London,  Eng.  (27).    Died  Sept.  8,  1878. 

Benedict,  George  W.,  Burlington,  Vt.  (IC).    Born  Jan.  11,  1796.    Died  in 

1871. 
BIcknell,  Edwin,  Boston,  Mass.  (18).    Born  in  1830.    Died  March  19,1877. 
Binney,  Amos,  Boston,  Mass.  (1).    Born  Oct.  18,  1803.    Died  Feb.  18, 
Binney,  John,  Boston,  Mass.  (3).  [1847. 

Blackie,  Geo.  S.,  Nashville,  Tenn.  (2G). 
Blake,  Homer  C,  New  York,  N.  Y.  (28).    Born  Feb.  1,  1822. 

Blandlng,  William, ,  R.  I.  (1). 

Blatchford,  Thomas  W.,  Troy,  N.  Y.  (6). 

Btatchley,  Miss  S.  L.,  New  Haven,  Conn.  (19). 

Boadle,  John,  Haddonfleld,  N.  J.  (20).    Born  in  1805.    Died  in  July,  1878. 

Bomford,  George,  Washington,  D.  C.  (1).    Born  1780.    Died  March  25, 

1848. 
Bowron,  James,  South  Pittsburg,  Tenn.  (26).    Died  in  Dec,  1877. 
Bradley,  Leverette,  Jersey  City,  N.  J.  (15).    Died  in  1876. 
Braithwaite,  Jos.,  Chambly,  C.  W.  (11). 

Briggs,  Albert  D.,  Springfield,  Mass.  (13).    Died  Feb.  20,  1881. 
Briggs,  llobert,  Philadelphia,  Pa.  (29).    Born  May  18,  1822.    Died  July 

24,  1882. 
Brigharo,  Charles  H.,  Ann  Arbor,  Mich.  (17).    Born  July  27,  1820.    Died 

in  Jan.,  1879. 
Brown,  Andrew,  Natchez,  Miss.  (1). 
Brown,  Horace,  Salem,  Mass.  (27). 

Burbank,  L.  S.,  Woburn,  Mass.  (18).  [1859. 

Bnmap,  G.  W.,  Baltimore,  Md.  (12).    Born  Nov.  30,  1802.    Died  Sept.  8, 
Burnett,  Waldo  I.,  Boston,  Mass.  (1).    Died  July  1,  1854,  aged  27. 
Butler,  Thomas  B.,  Norwalk,  Conn.  (10).    Born  Aug.  22,  1806.    Died 

June  8,  1873. 

Cairns,  F.  A.,  New  York,  N.  Y.  (27).    Died  In  1879. 

Campbell,  Mrs.  Mary  IL,  Crawfordsvlllc,  Ind.  (22).    Died  Feb.  27,  1882. 

Carpenter,  Thornton,  Camden,  S.  C.  (7). 

Carpenter,  William  M.,  New  Orleans,  La.  (1). 

Case,  Leonard,  Cleveland,  Ohio  (15).    Born  June  27,  1820.    Died  Jan.  5, 

Case,  William,  Cleveland,  Ohio  (6).  [1880. 

Caswell,  Alexis,  Providence,  R.  I.  (2).    Bom  Jan.  29,  1799.    Died  Jan.  8, 

1877. 
Chadboume,  Paul  Ansel,  Amherst,  Mass.  (10).    Bom  Oct.  21,  1823.   Died 

Feb.  23,  1883. 
Chapman,  N.,  Philadelphia,  Pa.  (1).    Born  May  28,  1780.    Died  July  1, 

1853. 
Chase,  Stephen,  Hanover,  N.  H.  (2).    Born  in  1813.    Died  Aug.  5,  1851. 
Chauvenet,  William,  St.  Louis,  Mo.  (1).     Born  May  24,  1819.     Dicil  Dec. 
Clieney,  Miss  Margaret  S.,  Jamaica  Plain,  Mass.  (29).  [13,  1870. 

Clapp,  Asahel,  New  Albany,  Ind.  (1).    Born  Oct.  5,  1792.    Died  Dec.  15, 

1862. 
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Clark,  Henry  James,  Cambridge,  Mass.  (IS).    Died  July  1, 1878,  aged  47. 

Clark,  Joseph,  Cincinnati,  Ohio  (5). 

Clarke,  A.  B.,  Holyoke,  Mass.  (18). 

Cleaveland,  C.  H.,  Cincinnati,  Ohio  (9). 

Cleveland,  A.  B.,  Cambridge,  Mass.  (2). 

Coffin,  James  H.,  Eoston,  Pa.  (1).  Born  Sept.  G,  1806.  Died  Feb.  6, 1873. 

Cole,  Thomas,  Salem,  Mass.  (1).    Bom  Dec  24, 1779.    Died  Jane  24, 1852. 

Coleman,  Uenry,  Boston,  Mass.  (1). 

Collins,  Frederick,  Washington,  D.  C.  (28).    Bom  Dec.  5,  1842.    Died 

Oct.  27,  1881. 
Conrad,  Timothy  Abbott,  Philadelphia,  Pa.  (1).    Bora  In  August,  180S. 

Died  August  9,  1677. 
Cooke,  Caleb,  Salem,  Mass.  (18).  Born  Feb.  15,  1888.  Died  Jane  5,  1880. 
Cooper,  William,  Hoboken,  N.  J.  (9).    Died  in  1864. 
Coming,  Erastus,  Albany,  N.  Y.  (6).    Bom  Dec.  14,  1794.    Died  April  9, 

1872. 
Cooper,  James  Hamilton,  Darien,  Ga.  (1).     Born  March  5,  1794.    Died 

July  3,  18G6. 
Cramp,  J.  M.,  WolfVille,  N.  S.  (11).    Bom  July  25,  1796.    Died  Dec.  6, 

1881. 
Crocker,  Charles  F.,  Lawrence,  Mass.  (22).    Died  in  July,  1881. 
Crosby,  Alpheus,  Salem,  Mass.  (10).    Born  Oct.  18,  1810.    Died  Apr.  17, 

1874. 
Crosby,  Thomas  R.,  Hanover,  N.  H.  (18).    Born  Oct.  22,  1816.    Died 

March  1,  1872. 
Croswell,  Edwin,  Albany,  N.  Y.  (6).    Born  in  May,  1797.    Died  Jane  IS, 
Curry,  W.  F.,  Geneva,  N.  Y.  (11).  [1871. 

Curtis,  Josiah,  Washington,  D.  C.  (18).    Died  Aug.  1,  1888. 

Dalrymple,  £.  A.,  Baltimore,  Md.  (11).    Died  Oct.  80, 1881. 

Dayton,  Edwin  A.,  Madrid,  N.  Y.  (7).    Bom  in  1827.   Died  Jane  24, 1873. 

Dean,  Amos,  Albany,  N.  Y.  (6).    Bom  Jan.  16,  1808.    Died  Jan.  26, 1868. 

Dearborn,  George  H.  A.  S.,  Roxbary,  Mass.  (1). 

Dekay,  James  E.,  New  York,  N.  Y.  (1).  Bom  in  1792.  Died  Nov.  21, 1861. 

DeLaskI,  John,  Carver's  Harbor,  Me.  (18). 

Dewey,  Chester,  Rochester,  N.  Y.  (1).  Born  Oct.  25, 1781.   Died  Dec  15, 

Dexter,  G.  M.,  Boston,  Mass.  (11).  [1867. 

Dillingham,  W.  A.  P.,  Augusta,  Me.  (17). 

Doggett,  Wm.  E.,  Chicago,  111.  (17).    Born  Nov.  20,  1820.    Died  in  1876. 

Doolittle,  L.,  Lenoxville,  C.  E.  (11).    Died  In  1862. 

Dorr,  E.  P.,  Buffalo,  N.  Y.  (26).    Died  March  28,  1881. 

Draper,  Henry,  New  York,  N.  Y.  (28). 

Ducatel,  J.  T.,  Baltimore,  Md.  (1). 

Duffield,  George,  Detroit,  Mich.  (10).    Born  July  4,  1794.    Died  Jane  86, 

1869. 
Dumont,  A.  H.,  Newport,  R.  I.  (14). 

Duncan,  Lucius  C,  New  Orleans,  La.  (10).    Died  Aug.  9,  1855,  aged  54. 
Dunn,  B.  P.,  Providence,  R.  I.  (14). 
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Easton,  Nonnan,  Fall  Biver,  Mass.  (14).    Died  Dec.  21,  1872. 

EatoD,  James  H.,  Beloit,  Wis.  (17).    Died  Jan.  5, 1877. 

Ely,  Charles  Arthur,  Elyria,  Ohio  (4). 

Emerson,  Geo.  B.,  Boston,  Mass.  (1).  Bom  Sept.  12, 1797.    Died  March 

4,  1881. 
EmmonSy  Ebenezer,  Williamstown,  Mass.  (1).    Born  May  16, 1790.    Died 

October  1,  1863. 
Engstrom,  A.  B.,  Burlington,  N.  J.  (1). 
Everett,  Edward,  Boston,  Mass.  (2).    Born  April  11, 1794.    Died  Jan.  15, 

1865. 
Ewing,  Thomas,  Lancaster,  Ohio  (5).   Born  Dec.  28,  1789.    Died  Oct.  26, 

1871. 

Paries,  R.  J.,  Waawatosa,  Wis.  (21).    Died  May  81,  1878. 

Perrls,  Isaac,  New  York,  N.  Y.  (6).     Bom  Oct.  9,  1798.    Died  Jane  16 

1878. 
Feachtwanger,  Lewis,  New  York,  N.  Y.  (11).    Died  in  1876. 
Fillmore,  Millard,  Buffalo,  N.  Y.  (7).    Bom  Jan.  7,  1800.    Died  March  8, 
Fisher,  Mark,  Trenton,  N.  J.  (10).  [1874. 

Fitch,  Alexander,  Hartford,  Conn.  (1).    Born  March  25,  1799.    Died  Jan* 

20,  1859. 
Fitch,  O.  H.,  Ashtabula,  Ohio  (7).    Died  Sept.  17,  1882,  in  his  80th  year. 
Forbush,  E.  B.,  Buffalo,  N.  Y.  (15). 
Force,  Peter,  Washington,  D.  C.  (4).    Born  Nor.  26, 1790.    Died  Jan.  28, 

1868. 
Ford,  A.  C,  Nashville,  Tenn.  (26). 

Forshey,  Caleb  O.,  New  Orleans,  La.  (21).    Died  in  Aug.,  1881. 
Foster,  John  W.,  Chicago,  111.  (1).    Born  March  4,  1815.    Died  June  29, 

1873. 
Foucon,  Felix,  Madison,  Wis.  (18). 

Fowie,  Wm.  B.,  Boston,  Mass.  (1).    Born  Oct.  17,  1795.    Died  Feb.  6, 
Fox,  Charles,  Grosse  He,  Mich.  (7).  [1865. 

Frazer,  John  F.,  Fhiladelphia,  Pa.  (1).    Bora  July  8,  1812.    Died  Oct.  14, 
French,  J.  W.,  West  Point,  N.  Y.  (11).  [1872. 

Garber,  A.  P.,  Columbia,  Pa.  (29).    Died  Aug.  26,  1881. 

Gavit,  John  E.,  New  York,  N.  Y.  (1). 

Gay,  Martin,  Boston,  Mass.  (1).    Died  Jan.  12,  1850,  aged  46. 

Gibbon,  J.  H.,  Charlotte,  N.  C.  (8). 

Gillespie,  W.  M.,  Schenectady,  N.  Y.  (10).   Born  in  1816.     Died  Jan*y  1, 

1868. 
Gilmor,  Bobert,  Baltimore,  Md.  (1). 
Glazier,  W.  W.,  Key  West,  Pla.  (29).    Died  Dec.  11,  1880. 
Goldmark,  J.,  New  York,  N.  Y.  (29).    Died  in  April,  1882. 
Gould,  Augustus  A.,  Boston,  Mass.  (11).    Born  April  23,  1805.     Died 

Sept.  15,  1866. 
Gould,  B.  A.,  Boston,  Mass.  (2).  Born  June  15, 1787.  Died  Oct.  24, 1859 
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Graham,  James  D.,  Washington,  D.  C.  (1).    Born  in  1799.  Died  Dec  28, 

1865. 
Gray,  Alonzo,  Brooklyn,  N.  Y.  (13).    Born  in  1808.  Died  March  10,  1360. 
Gray,  James  H.,  Spriugflcld,  Mass.  (6). 

Greene,  Benjamin  D.,  Boston,  Mass.  (1).    Died  Oct.  14,  18G2,  aged  68. 
Greene,  Everett  W.,  Madison,  N.  J.  (10).    Died  in  1864. 
Greene,  Samuel,  Woonsocket,  R.  I.  (9).    Died  in  1868. 
Greer,  James,  Dayton,  Ohio  (20). 
Griffith,  Robert  £.,  Philadelphia,  Pa.  (I). 

Griswold,  John  A.,  Troy,  N.  Y.  (10).    Bom  in  1822.    Died  Oct.  31,  1873. 
Gaest,  William  £.,  Ogdensburg,  N.  Y.  (6). 

Hackley,  Charles  W.,  New  York,  N.  Y.  (4).    Born  March  9,  1809.    Died 

January  10,  18G1. 
Iladley,  George,  Buffalo,  N.  Y.  (6).    Born  June,  1813.  Died  Oct.  16, 1877. 
Ilaldeman,  S.  S.,  Chickics,  Fa.  (1).     Died  Sept.  10,  1880,  aged  68. 
Ilalc,  Enoch,  Boston,  Mass.  (1).    Born  Jan.  29,  1790.  Died  Noy.  12, 1848. 
Uance,  Ebenezer,  Fallsington  P.  O.,  Pa.  (7).    Died  in  1876. 
Hare,  Robert,  Philadelphia,  Pa.  (1).     Born  Jan.  17, 1781.     Died  May  15, 

1858. 
Harlan,  Joseph  G.,  Haverford,  Pa.  (8). 
Harlan,  Richard,  Philadelphia,  Pa.  (1). 
Harris,  Thaddeus  W.,  Cambridge,  Mass.  (1).    Born  Nov.  12,  1795.    Died 

Jan.  16,  1856. 
Harrison,  A.  M.,  Plymouth,  Mass.  (29). 
Harrison,  Jos.,  jr.,  Philadelphia,  Pa.  (12). 

Hart,  Simeon,  Farmlngton,  Conn.  (1).    Died  April  20,  1853,  aged  57. 
Hartt,  Charles  F.,  Ithaca,  N.  Y.  (18).    Born  in  1840.  Died  March  18,  1878. 
Haven,  Joseph,  Chicago,  111.  (17).   Born  Jan.  4,  1816.  Died  May  23, 1874. 
Hawes,  George  W.,  Washington,  D.  C.  (23).    Born  Dec.  31,  1848.    Died 

June  22,  1882. 
Hayden,  H.  IL,  Baltimore,  Md.  (1). 

Hay  ward,  James,  Boston,  Mass.  (1).    Died  July  27,  1866,  aged  80. 
Hempstead,  G.  S.  B.,  Portsmouth,  Ohio  (29).    Died  July  9,  1883,  in  his 

89tl]  year. 
Henry,  Jos.,  Washington,  D.  C.  (1).  Born  Dec.  17, 1797.  Died  May  13, 1878 
Hickox,  S.  V.  R.,  Cliicago,  III.  (17).    Died  in  1872.  [1875. 

Hilgard,  Theo.  C,  St.  Louis,  Mo.  (17).    Born  Feb.  28,  1828.   DIedMcb.  5, 
Hincks,  William,  Toronto,  C.  W.  (11). 
Hitchcock,  Edward,  Amherst,  Mass.  (1).    Born  May  24, 1793.    Died  Feb. 

27,  1864. 
Hodgson,  W.  B.,  Savannah,  Ga.  (10).     Bora  1815. 
Holbrook,  John  E.,  Charleston,  S.  C.  (1).     Born  Dec.  31,  1796.    Died 

Sept.  8,  1871. 
Hopkins,  Albert,  WlUiamstown,  Mass.  (19).     Born  July  14,  1807.    Died 

May  25, 1872. 
Hopkins,  James  G.,  Ogdensburg,  N.  Y.  (10).    Died  in  1860. 
Hopkins,  T.  O.,  Williamsvlllc,  N.  Y.  (10).    Died  in  1866. 
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Hopkins,  Wm.,  Lima,  N.  Y.  (5.)    Died  in  March,  1867. 

Horton,  C.  V.  R.,  Chauraont,  N.  Y.  (10).    Died  in  1862. 

Horton,  William,  Craigville,  N.  Y.  (1). 

Hosford,  BenJ.  F.,  Haverhill,  Mass.  (13).    Died  in  1864. 

Hongbton,  Douglas,  Detroit,  Mich.   (1).    Born  Sept.  21,  1809.    Died 

Oct.  13,  1845. 
Hovey,  Edmund  O.,  Crawfordsville,  Ind.  (20).    Born  July  15,  1801.    Died 

March  10,  1877. 
Howland,  Theodore,  Buffalo,  N.  Y.  (15). 

Httbbert,  James,  Richmond,  Province  of  Quebec  (IG).    Died  In  1868. 
Hunt,  Edward  B.,  Washington,  D.  C.  (2).     Born  June  15,  1822.    Died 

Oct.  2,  1863. 
Hnnt,  Freeman,  New  York,  K.  Y.  (11).    Bom  March  21,  1804.    Died 

March  2,  1858. 

Ives,  Moses  B.,  Providence,  B.  I.  (0).    Died  in  1857. 
Ives,  Thomas  P.,  Providence,  R.  I.  (10). 

Jackson,  Charles  T.,  Boston,  Mass.   (1).    Born  June  21,  1805.    Died 

Aug.  29,  1880. 
James,  Thomas  Potts,  Cambridge,  Mass.  (22).    Bom  Sept.  1, 1803.    Died 

Feb.  22,  1882. 
Johnson,  Walter  R.,  Washington,  D.  C.  (1).     Born  June  21,  1794.     Died 

April  26,  1852. 
Johnson,  Willinm  Schuyler,  Washington,  D.  C.  (31).      Born  Sept.  20, 

1859.     Died  Oct.  6,  1883. 
Jones,  Catesby  A.  R.,  Washington,  D.  C.  (8). 
Jones,  James  11.,  Boston,  Mass.  (28). 

Kedzlc,  W.  K-,  Oberlin,  Ohio  (25). 

Keely,  Georgo  W.,  Waterville,  Me.  (1).    Died  in  1878. 

Keep,  N.  C,  Boston,  Mass.  (13).    Died  in  1875. 

Kennicott,  Robert,  West  Northfleld,  111.  (12).    Born  Nov.  13,  1835.    Died 

in  1866. 
King,  Mitchell,  Charleston,  S.  C.  (3).    Born  June  8,  1783.    Died  in  1802. 
Klippart,  John  H.,  Columbus,  Ohio  (17).     Died  October,  1878. 
Knickerbocker,  Charles,  Chicago,  111.  (17).    Died  in  1873. 
Knight,  J.  B.,  PhUadelphia,  Pa.  (21).    Died  March  10,  1879. 

I^Acklnn,  R.,  Cincinnati,  Ohio  (11). 

Lapharo,  Increase  A.,  Milwaulcee,  Wis.  (3).    Born  Mch.  7,  1811.    Died 
LaBoche,  R.,  Philadelphia,  Pa.  (12).  [Sept.  14,  1876. 

I.asel,  Edward,  Williamstown,  Mass.  (1).    Born  Jan.  21,  1809.    Died  in 

1852. 
Lawford,  Frederick,  Montreal,  Canada  (11).    Died  in  1866. 
Le  Conte,  John  L.,  Philadelphia,  Pa.  (1).    Died  Nov.  15,  1883. 
Xedercr,  Baron  von,  Washington,  D.  C.  (1). 

IJeber,  Oscar  M.,  Columbia,  S.  C.  (8).     Born  Sept.  8, 1830.    Died  June 
Lincklacn,  Ledyard,  Cazenovia,  N.  Y.  (1).  [27,  1862. 
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Linsley,  James  H.,  Stafford,  Conn.  (1).    Bora  May  5, 1787.  Died  Dec  26, 

1848. 
Lock  wood,  Moses  B.,  Provldeuce,  R.  I.  (9).    Died  in  1872. 
Logan,  William  £.,  Montreal,  Canada  (1).     Born  April  28,  1798.    Died 

Jnne  22,  1875. 
Loosey,  Charles  P.,  New  York,  N.  Y.  (12). 

Lothrop,  Joshaa  R.,  Buffalo,  N.  Y.  (15).  [24,  1872. 

Lyon,  Sidney  S.,  Jefferson viUe,  Ind.  (20).    Born  Ang.  4,  1808.  Died  Jane 

Maack,  G.  A.,  Cambridge,  Mass.  (18).  [16, 1871. 

Mahan,  Dennis  H.,  West  Point,  N.  Y.  (9).    Born  April  2, 1802.    Died  Sept 

Marsh,  Dexter,  Greenfield,  Mass.  (1). 

Marsh,  James  £.,  Roxbnry,  Mass.  (10).  [27, 1859 

Mather,  William  W.,  Colambos,  Ohio  ( 1) .    Born  May  24, 1804.     Died  Feb 

Maude,  John  B.,  St.  Loals,  Mo.  (27).    Died  in  April,  1879. 

Maupln,  S.,  Charlottesville,  Va.  (10). 

M'Conihe,  Isaac,  Troy,  N.  Y.  (5). 

McFadden,  Thomas,  Westerville,  Ohio.  (80).    Born  Nov.  9,  1825.    Died 

Nov.  9, 1888. 
McMahon,  Mathew,  Albany,  N.  Y.  (11). 
Meade,  George  G.,  Philadelphia,  Pa.  (15).     Born  Dec.  30,  1815.    Died 

Nov.  6, 1872. 
Meek,  F.  B.,  Washington,  D.  C.  (6).    Bora  December  10,  1817.    Died 

December  21,  1876. 
Meigs,  James  Aitken,  Philadelphia,  Pa.  (12).    Born  Jnly  30,  1829.    Died 

Nov.  9,  1879. 
Mlnifie,  William,  Baltimore,  Md.  (12).    Bora  in  1805.  Died  Oct.  24, 1880. 
Mitchel,  0.  M.,  Cincinnati,  Ohio  (8).    Bora  Ang.  28,  1810.    Died  Oct.  30, 

1862. 
Mitchell,  William,  Ponghkeepsle,  N.  Y.  (2).    Died  April  2,  1869,  aged  76. 
Mitchell,  Wm.  H.,  Florence,  Ala.  (17). 
Morgan,  Lewis  H.,  Rochester,  N.  Y.  (10).    Born  Nov.  21,  1818.    Died 

Dec.  17,  1881. 
Morris,  John  B.,  Nashville,  Tcnn.  (26). 
Morton,  Samuel  G.,  Philadelphia,  Pa.  (1).     Born  Jan.  26,  1799.     Died 

May  15,  1851. 
Mudge,  Benjamin  F.,  Manhattan,  Kansas  (25).  Born  Aug.  11, 1817.   Died 

Nov.  21,  1879,  aged  62. 
Munroe,  Nathan,  Bradford,  Mass.  (6).    Bora  May  16,  1804.    Died  July  8, 
Munroe,  William,  Concord,  Mass.  (18).    Died  April  27,  1877.  [1866. 

Mussey,  William  H.,  Cincinnati,  Ohio  (80).     Born  Sept.  13,  1818.    Died 

Aug.  1, 1882. 

Newland,  John,  Saratoga  Springs,  N.  Y.  (28).    Died  Jan.  18, 1880. 
Newton,  E.  H.,  Cambridge,  N.  Y.  (1). 

Nichols,  Charles  A.,  Providence,  R.  I.  (17).    Bora  Jan.  4,  1826.    Died 
Oct.  20,  1877. 
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KIcholson,  Thomas,  New  Orleans,  La.  (21). 

NlcoUett,  Jean  N.,  Washington,  D.  C.  (1).     Born  July  24,  1786.    Died 

Sept.  11,  1848. 
Norton,  John  P.,  New  Haven,  Conn.  (1).  Born  in  July,  1822.  Died  Sept. 

5,  1852. 
Noyes,  J.  O.,  New  Orleans,  La.  (21). 
Natty  Cyrus,  Bloomington,  Ind.  (20).    Died  in  1875. 

Oakes,  Wm.,  Ipswich,  Mass.  (1).    Born  July  1,  1799.    Died  July  81, 1848. 
Ogden,  Robert  W.,  New  Orleans,  La.  (21).    Died  March  24,  1878. 
Ogden,  William  B.,  High  Bridge,  Westchester  Co.,  N.  Y.  (17).    Born  in 

1805.    Died  Aug.  8, 1877. 
Olmsted,  Alexander  F.,  New  Haven,  Conn.   (4).    Born  Dec.  20,  1822. 

Died  May  5,  1858. 
Olmsted,  Denison,  New  Haven,  Conn.  (1).     Born  June  18,  1791.    Died 

May  18,  1859. 
Olmsted,  Denison,  Jr.,  New  Haven,  Conn.  (1).  Born  Feb.  16,  1824.  Died 

Aug.  15,  1846. 
Otis,  George  Alexander,  Washington,  D.  C.  (10).    Bom  Nov.  12,  1880. 

Died  Feb.  23,  1881. 

Fainter,  Jacob,  Lima,  Pa.  (28).    Died  in  1876. 

Fainter,  Minshall,  Lima,  Pa.  (7). 

Parker,  Wilbur  F.,  West  Meriden,  Conn.  (28).    Died  in  1876. 

Farkman,  Samuel,  Boston,  Mass.  (1).     Died  Dec.  15,  1854,  aged  88. 

Fayn,  Charles  H.,  Saratoga  Springs,  N.  Y.  (28).    Born  May  16,  1814. 

Died  Dec.  20,  1881. 
Peirce,  B.  0.,  Beverly,  Mass.  (18).    Died  Nov.  12,  1883,  aged  71  years. 
Felrce,  Benjamin,  Cambridge,  Mass.   (1).    Born  April  4,   1809.    Died 

Oct.  6,  1880. 
Perkins,  George  R.,  Utica,  N.  Y.  (1).    Born  May  3,  1812.    Died  Aug.  22, 

1876. 
Perkins,  Henry  C,  Newburyport,  Mass.  (18).    Born  Nov.  18, 1804.    Died 

Feb.  2,  1878. 
Perry,  John  B.,  Cambridge,  Mass.  (16).    Died  Oct.  3,  1872,  aged  52. 
Perry,  M.  C,  New  York,  N.  Y.  (10). 
Piggot,  A.  Snowden,  Baltimore,  Md.  (10). 

Plumb,  Ovid,  Salisbury,  Conn.  (9).  [1870. 

Pope,  Charles  A.,  St.  Louis,  Mo.  (12).    Born  May  15,  1818.    Died  July  6, 
Porter,  John  A.,  New  Haven,  Conn.  (14).     Born  March  15, 1822.    Died 

Ang.  25,  18C6. 
Ponrtal^s,  Louis  Francois  de,  Cambridge,  Moss.  (1).    Born  in  1822.  Died 

July  18,  1880. 
Pmyn,  John  V.  L.,  Albany,  N.  Y.  (1).    Born  June  22, 1811.    Died  Nov.  21, 

1877. 
Pugh,  Evan,  Centre  Co.,  Pa.  (14). 
Putnam,  Mrs.  F.  W.,  Cambridge,  Mass.  (19).    Born  Dec.  29,  1838.    Died 

March  10,  1879. 


IzzXViii  DECSA8ED  MEMBBB8. 

Fatnam,  J.  Duncan,  Davenport,  Iowa.  (27).    Bom  Oct.  18,  1855.    Died 
Dec.  10, 1881. 

Read,  Ezra,  Terre  Hante,  Ind.  (20).    Died  In  1877. 

Redfleld,  WlUiam  C,  New  York,  N.  Y.  (I).    Born  March  26,  1789.     Died 

Feb.  12,  1857. 
Resor,  Jacob,  Cincinnati,  Ohio  (8).    Died  in  1871. 
Robb,  James,  FrederictOD,  N.  B.  (4). 
Robinson,  Coleman  T.,  Buffalo,  N.  Y.  (15). 
Rockwell,  John  A.,  Norwich,  Conn.  (10).    Bom  August  27,  1808.    Died 

February  10,  186 1. 
Rogers,  Henry  D.,  Glasgow,  Scotland  (1).   Born  1809.   Died  May  29, 1866. 
Rogers,  James  B.,  Philadelphia,  Fa.  (1).    Born  Febniary  22, 1803.    Died 

June  15,  1852. 
Rogers,  William  Barton,  Boston,  Mass.  (I).    Born  Dec.  7,  1804.    Died 

May  80,  1882. 
Root,  Elihu,  Amherst,  Mass.  (25).    Born  Sept.  14, 1845. 

Sager,  Abram,  Ann  Arbor,  Mich.  (6).    Born  December  22,  1810.    Died 

August  6,  1877. 
Schaeffer,  Geo.  C,  Washington,  D.  C.  (1).    Died  in  1873. 
Schley,  William,  New  York,  N.  Y.  (28).    Died  In  1882. 
Scott,  Joseph,  Dunham,  C.  E.  (11).    Died  in  1865. 

Senter,  Harvey  8.,  Aledo,  111.  (20).    Died  in  1875.  [10,  1872. 

Seward,  William  H.,  Auburn,  N.  Y.  (1).    Born  May  16,  1801.    Died  OcU 
Sheppard,  William,    Drammondville,  Province  of  Quebec,  Can.   (11). 

Born  in  1783.    Died  in  1867. 
SherwlD,  Thomas,  Dedham,  Mass.  (11).    Bom  March  26,  1799.    Died 

July  23,  1869. 
Silliman,  Benjamin,  New  Haven,  Conn.  (1).    Bora  August  8, 1779.    Died 

November  22,  1864. 
Skinner,  John  B.,  Buffalo,  N.  Y.  (15).    Died  in  1871. 
Slack,  J.  H.,  Philadelphia,  Pa.  (12).  [26, 1880. 

Smith,  David  P.,  Springfield,  Mass.  (29).    Born  Oct.  1,  1830.    Died  Dec. 
Smith,  J.  Lawrence,  Louisville,  Ey.  (1).    Born  Dec.  16,  1818.    Died  Oct. 

1883. 
Smith,  J.  v.,  Cincinnati,  Ohio  (5). 
Smith,  James  Y.,  Providence,  R.  L  (9).    Born  September  15,  1809.    Died 

in  1876. 
Smith,  Lyndon  A.,  Newark,  N.  J.  (9).    Born  November  11,  1795.    Died 

December  16,  1865. 
Snell,  Ebenezer  8.,  Amherst,  Mass.  (2).    Born  October  7,  1801.    Died  in 

September,  1877.  [14,  1866. 

Sparks,  Jared,  Cambridge,  Mass.  (2).    Born  May  10, 1789.    Died  March 
Spinzig,  Charles,  St.  Louis,  Mo.  (27).    Died  Jan.  22,  1882. 
Stirapson,  William,  Chicago,  111.  (12).    Died  May  26,  1872. 
Stone,  Samuel,  Chicago,  111.  (17).    Born  Dec.  6,  1798.    Died  May  4, 1876. 
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St  John,  Joseph  S.,  Albany,  N.  T.  (28).    Died  Nov.  28,  1882. 

Sallivant,  Wm.  S.,  Colambas,  Ohio  (7).    Born  Jan.  15,  1808.    Died  April 

80,  1873. 
Swain,  James,  Fort  Dodge,  Iowa  (21).    Born  in  1816.    Died  in  1877. 

Tallmadge^  James,  Kew  York,  N.  Y.  (1).    Born  Jan.  20,  1778.   Died  Oct. 

8,  1858. 
Taylor,  Richard  C,  Philadelphia,  Pa.  (1).    Bom  January  18,  1789.    Died 

Noyember  26,  1851. 
Tenney,  Sanborn,  Williamstown,  Mass.  (17).  Bom  in  January,  1827.  Died 

jQly  11,  1877. 
Teschemacher,  J.  E.,  Boston,  Mass.  (1).    Died  Nov.  9,  1858,  aged  68. 
Thompson,  A.  Remsen,  New  York,  N.  Y.  (1).    Died  in  Oct.,  1879. 
Thompson,  Alexander,  Aurora,  N.  Y.  (1). 

Thompson,  Zadock,  Burlington,  Vt.  (1).    Bora  May  28,  1796.    Died  Jan. 
Thorber,  Isaac,  Providence,  R.  I.  (9).  [19,  1856. 

Tillman,  Samuel  D.,  Jersey  City,  N.  J.  (15).    Died  in  1875. 
Tobin,  Thomas  W.,  Louisville,  Ky.  (80).    Died  Aug.  4,  1888. 
Tolderoy,  James  B.,  Fredericton,  N.  B.  (U). 
Torrey,  John,  New  York,  N.  Y.  (1).    Born  August  15,  1796.    Died  March 

10,  1873. 
Torrey,  Joseph,  Burlington,  Vt.  (2).    Born  Feb.  2,  1797.    Died  Nov.  26, 

1867. 
Totten,  Joseph  G.,  Washington,  D.  C.  (1).    Born  August  23,  1788.    Died 

April  22,  1864. 
Townsend,  Howard,  Albany,  N.  Y.  (10).    Died  in  1867. 
Towusend,  John  K.,  Philadelphia,  Pa.  (1). 
Towusend,  Robert,  Albany,  N.  Y.  (9).     Died  in  1866. 
Troost,  Gerard,  NaAhville,  Tenn.  (1).     Born  March  15,  1776.    Died  Aug. 

14,  1850. 

Tuomey,  Michael,  Tuscaloosa,  Ala.  (1).    Bom  September  29,  1805.    Died 

March  20,  1857. 
Tyler,  Edward  R.,  New  Haven,  Conn.  (1).     Died  Sept.  28,  1848. 

Vanclevc,  John  W.,  Dayton,  Ohio  (1). 
Vanuxem,  Lardner,  Bristol,  Pa.  (1). 

Vaux,  Williara  S.,  Philadelphia,  Pli.  (1).    Born  May  19,  1811.    Died  May 
6,  1882. 

Wadsworth,  James  S.,  Genesee,  N.  Y.  (2).  Born  October  80,  1807.    Died 

May  8,  1864. 
Wagner,  Tobias,  Philadelphia,  Pa.  (9). 
Walker,  Joseph,  Oxford,  N.  Y.  (10). 
Walker,  Sears  C,  Washington,  D.  C.  (I).    Born  March  28,  1805.    Died 

January  80,  1853. 
Walker,  Timothy,  Cincinnati,  Ohio  (4).    Born  Dec.  1,  1802.    Died  Jan. 

15,  1856. 

Walsh,  Benjamin  D.,  Rock  Island,  111.  (17). 
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W anzer,  Ira,  Brookfleld,  Conn.  (18).    Born  April  17, 1796.     Died  Maidi 

6,  1879. 
Warren,  Goavernenr  Eemble,  Newport,  B.  I.  (12).    Died  Ang.  8, 1882, 

in  Ills  64th  year. 
Warren,  John  C,  Boston,  Mass.  (1).    Bom  Aag.  1, 1778.    Died  Bfayi, 

1856. 
Watertown,  Charles,  Walcefleld,  Eng.  (1). 
Watklns,  Samnel,  Kashvllle,  Tenn.  (26). 
Watson,  J.  Craig,  Ann  Arbor,  Mich.  (18).     Bom  Jan.  28,  1888.    Died 

Nov.  23,  1880. 
Webster,  Horace  B.,  Albany,  N.  Y.  (1).    Died  Dec.  8,  1848. 
Webster,  J.  W.,  Cambridge,  Mass.  (1).    Died  Ang.  80, 1850,  aged  57. 
Webster,  M.  H.,  Albany,  N.  Y.  (1). 
Weed,  Monroe,  Wyoming,  N.  Y.  (6).    Died  In  1867. 
Welch,  Mrs.  6.  O.,  Lynn,  Mass.  (^21).    Died  in  Jnne,  1882. 
Weyman,  George  W.,  Pittsburgh,  Pa.  (6).    Born  April,  1832.    Died  Jalj 

16,  1864. 
Wheatley,  Charles  M.,  Fhosnlzville,  Fa.  (1).    Died  May  6,  1883. 
Wheatland,  Richard  H.,  Salem,  Mass.  (IS).    Born  July  6,  1830.    Died 

Dec.  21,  1863. 
Wheeler,  Arthur  W.,  Baltimore,  Md.  (29).    Bora  in  March,  1859.    Died 

Jan.  6,  1881. 
White,  Samuel  S.,  Philadelphia,  Pa.  (28).    Died  Dec.  80,  1879. 
Whiting,  Lewis  E.,  Saratoga  Springs,  N.  Y.  (28).     Bom  March  7, 1815. 

Died  Aug.  2,  1882. 
Whitman,  Wm.  E.,  Philadelphia,  Pa.  (23).    Died  in  1875. 
Whitney,  Asa,  Philadelphia,  Pa.  (1).    Born  Dec.  1,  1791.    Died  Jane  4, 

1874. 
Whittlesey,  Charles  C,  St.  Louis,  Mo.  (11).    Died  in  1872. 
Willard,  Emma,  Troy,  N.  Y.  (15).     Bom  Feb.  23,  1787.     Died  April  15, 

1870. 
Williamson,  R.  S.,  San  Francisco,  Cal.  (12;. 
Wilson,  W.  C,  Carlisle,  Pa.  (12). 
Wluloclv,  Joseph,  Cambridge,  Mass.  (5).    Bora  Feb.  6,  1826.    Died  Jane 

11,  1875. 
Woodbury,  Levi,  Portsmouth,  N.  U.  (1).    Bora  Dec.  22,  1789.    Died 

Sept.  4,  1851. 
Woodman,  John  S.,  Hanover,  N.  H.  (11).    Bora  in  1819.    Died  May  15, 

1871. 
Wright,  John,  Troy,  N.  Y.  (1). 
Wyman,  Jetnries,  Cambridge,  Mass.  (1).    Bora  Aug.  11, 1814.    Died  Sept 

4,  1874. 

Yaraall,  M.,  Washington,  D.  C.  (26).    Bora  in  1817.    Died  Jan.  27, 1879. 
Young,  Ira,  Hanover,  N.  H.  (1).    Died  Sept.  14, 1858,  aged  57. 


ADDRESS 

BY 

J.  W.  DAWSON,  LL.D., 

THE   RETIBING   PRESIDENT   OF  THE   ASSOCIATION. 


ON  SOME  UNSOLVED  PROBLEMS  IN  GEOLOOT. 


Ladies  and  Gentlemen  of  the  American  Association  for  the 
Advancement  of  Science  : — 

My  predecessor  in  office  remarked  in  the  oiKiDing  of  his  address 
tiiat  two  courses  are  open  to  the  retiring  president  of  this  Association 
in  preparing  the  annual  presidential  discourse.  He  may  either 
take  up  some  topic  relating  to  his  own  specialty,  or  he  may  deal 
with  various  or  general  matters  relating  to  science  and  its  progress. 
A  geologist,  however,  is  not  necessarily  tied  up  to  one  or  the  other 
alternative.  His  subject  covers  the  whole  history  of  the  earth  in 
time.  At  the  beginning  it  allies  itself  with  astronomy  and  physics 
and  celestial  cheinistiy.  At  the  end  it  runs  into  human  history 
and  is  mixed  up  with  archeology  and  anthropology.  Throughout 
its  whole  course  it  has  to  deal  with  questions  of  meteorology, 
geography  and  biology.  In  short,  there  is  no  department  of 
physical  or  biological  science,  with  which  geology  is  not  allied,  or  at 
least  on  which  the  geologist  may  not  presume  to  trespass.  When, 
therefore,  I  announce  as  my  subject  on  the  present  occasion  some 
of  the  unsolved  problems  of  this  universal  science,  j^ou  need  not 
be  surprised  if  I  should  be  somewhat  discursive. 

Perhaps  I  shall  begin  at  the  utmost  limits  of  my  subject  by 
remarking  that  in  matters  of  natural  and  ph^'sical  science,  we  are 
met  at  the  outset  with  the  scarcely  solved  question  as  to  our  own 
place  in  the  nature  which  we  study,  and  the  bearing  of  this  on  the 
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difficulties  we  encounter.  Tlie  organism  of  man  is  decidedly  a 
part  of  nature.  We  place  ourselves,  in  this  a8i)ect,  in  the  sub- 
kingdom  vertebrata  and  class  mammalia,  and  recognize  the  fact  that 
man  is  the  terminal  link  in  a  chain  of  being,  extending  throughout 
geological  time.  But  the  organism  is  not  all  of  man,  and  when  we 
regard  man  as  a  scientific  animal,  we  raise  a  new  question.  If 
the  human  mind  is  a  part  of  nature  then  it  is  subject  to  natural 
law,  and  nature  includes  mind  as  well  as  matter.  On  the  other 
hand,  without  being  absolute  idealists  we  may  hold  that  mind  is 
more  potent  than  matter,  and  nearer  to  the  real  essence  of  thlncrs. 
Our  science  is  in  any  case  necessarily  dualistic,  being  the  product 
of  the  reaction  of  mind  on  nature,  and  must  be  largely  subjective 
and  anthropomorphic.  Hence,  no  doubt,  arise  much  of  the  contro- 
versy of  science  and  much  of  the  unsolved  difficulty.  We  recognize 
this  when  we  divide  science  into  that  which  is  experimental  or  de- 
pends on  apparatus,  and  that  which  is  observational  and  classifi- 
catory  —  distinctions  these  which  relate  not  so  much  to  the  objects 
of  science  as  to  our  methods  of  pursuing  them.  This  view  also 
opens  up  to  us  the  thought  that  the  domain  of  science  is  practically 
boundless,  for  who  can  set  limits  to  the  action  of  mind  on  the 
universe  or  of  the  universe  on  mind.  It  follows  that  science  must 
be  limited  on  all  sides  by  unsolved  mysteries ;  and  it  will  not  serve 
any  good  purpose  to  meet  these  with  clever  guesses.  If  we  so 
treat  the  enigmas  of  the  sphinx  nature,  we  shall  surely  be  de- 
voured. Nor,  on  the  other  hand,  must  we  collapse  into  absolute 
despair  and  resign  ourselves  to  the  confession  of  inevitable  igno- 
rance. It  becomes  us  rather  boldly  to  confront  the  unsolved  ques- 
tions of  nature,  and  to  wrestle  with  their  difficulties  till  we  master 
such  as  we  can,  and  cheerfully  leave  those  we  cannot  overcome  to 
be  grappled  with  by  our  successors. 

Fortunatel}',  as  a  geologist,  I  do  not  need  to  invite  your  atten- 
tion to  those  transcendental  questions  which  relate  to  the  ultimate 
constitution  of  matter,  the  nature  of  the  ethereal  medium  filling 
space,  the  absolute  difference  or  identity  of  chemical  elements, 
the  cause  of  gravitation,  the  conservation  and  dissipation  of  en- 
ergy, the  nature  of  life,  or  the  primar}'  origin  of  bioplasmic  matter. 
I  may  take  the  much  more  humble  role  of  an  inquirer  into  the 
unsolved  or  partially  solved  problems  which  meet  us  in  consider- 
ing that  short  and  imperfect  record  which  geology  studies  in  the 
rocky  layers  of  the  earth's  crust,  and  which  leads  no  farther  back 


PRESIDENT  DAWSOK.  3 

than  to  the  time  when  a  solid  rind  had  ah*eady  formed  on  the 
earth  and  was  already  covered  with  an  ocean.  This  record  of 
geology  covers  but  a  small  part  of  the  history  of  the  earth  and 
of  the  system  to  which  it  belongs,  nor  does  it  enter  at  all  into  the 
more  recondite  problems  involved  ;  still  it  forms,  I  believe,  some 
necessary  preparation  at  least  to  the  comprehension  of  these. 

What  do  we  know  of  the  oldest  and  most  primitive  rocks  ?  At 
this  moment  the  question  may  be  answered  in  many  and  discor- 
dant wa^'S ;  yet  the  leading  elements  of  the  answer  may  be  given 
very  simpl}'.  The  oldest  rock  formation  known  to  geologists  is 
the  Lower  Laarentian,  the  fundamental  gneiss,  the  Lewisian  for- 
mation of  Scotland,  the  Ottawa  gneiss  of  Canada.  This  forma- 
tion, of  enormous  thickness,  cori'csponds  to  what  the  older  geolo- 
gists called  the  fundamental  granite,  a  name  not  to  be  scouted,  for 
gneiss  is  only  a  strntified  granite.  Perhaps  the  main  fact  in  re- 
lation to  this  old  rock  is  that  it  is  a  gneiss,  that  is,  a  rock  at  once 
bedded  and  crystalline,  and  having  for  its  dominant  ingredient  the 
mineral  orthoclase,  a  compound  of  silica,  alumina  and  potash,  in 
which  are  embedded,  as  in  a  paste,  grains  and  crystals  of  quartz  and 
hornblende.  We  know  very  well  from  its  texture  and  composi- 
tion that  it  cannot  be  a  product  of  mere  heat,  and  being  a  bedded 
rock  we  infer  that  it  was  laid  down  layer  by  layer  in  the  manner  of 
aqueous  deposits.  On  the  other  hand,  its  chemical  composition  is 
quite  different  from  that  of  the  muds,  sands  and  gravels  usually 
deposited  from  water.  Their  special  characters  are  caused  by  the 
fact  that  they  have  resulted  from  the  slow  decay  of  rocks  like 
these  gneisses,  under  the  operation  of  carbonic  acid  and  water,  where- 
by the  alkaline  matter  and  the  more  soluble  part  of  the  silica  have 
been  washed  away,  leaving  a  residue  mainly  silicious  and  alumi- 
nous. Such  moi*e  modern  rocks  tell  of  dry  land  subjected  to 
atmospheric  decay  and  rain-wash.  If  they  have  any  direct  relation 
to  the  old  gneisses  they  are  their  grandchildren,  not  their  parents. 
On  the  contrary,  the  oldest  gneisses  show  no  pebbles  or  sand 
or  limestone  —  nothing  to  indicate  that  there  was  then  any  land 
undergoing  atmospheric  waste,  or  shores  with  sand  and  gravel. 
For  all  that  we  know  to  the  contrary,  these  old  gneisses  may  have 
been  deix>6ited  in  a  shoreless  sea,  holding  in  solution  or  suspen- 
sion merely  what  it  could  derive  from  a  submerged  crust  recently 
cooled  from  a  state  effusion,  still  thin,  and  exuding  here  and  there 
through  its  fissures  heated  waters  and  volcanic  products. 


4  ADDRESS  BT 

It  is  scarcely  necessary  to  say  that  I  have  no  confidence  in  the 
supposition  of  unlike  composition  of  the  earth's  mass  on  diffei-ent 
sides  on  which  Dana  has  partly  based  his  theory  of  the  origin  of 
continents.  The  most  probable  conception  seems  to  be  that  of 
Lyell,  namely,  a  molten  mass,  uniform  except  in  so  far  as  denser 
material  might  exist  toward  its  centre,  and  a  crust  at  first  approx- 
imately even  and  homogeneous,  and  subsequently  thrown  into 
great  bendings  upward  and  downward.  This  question  has  recently 
been  ably  discussed  by  Mr.  Crosby  in  the  London  Geological 
Magazine.^ 

In  short,  the  fundamental  gneiss  of  the  Lower  Laurentian  may 
have  been  the  first  rock  ever  formed  ;  and  in  any  case  it  is  a  rock 
formed  under  conditions  which  have  not  since  recurred  except 
locally.  It  constitutes  the  first  and  best  example  of  those  chemi- 
co-physical,  aqueous  or  aquco-igneous  rocks,  so  characteristic  of 
the  earliest  period  of  the  earth's  history.  Viewed  in  this  way 
the  Lower  Laurentian  gneiss  is  probably  the  oldest  kind  of  ix>ck 
we  shall  ever  know  —  the  limit  to  our  backward  progress,  beyond 
which  there  remains  nothing  to  the  geologist  except  physical  hy- 
potheses respecting  a  cooling  incandescent  globe.  For  the  chem- 
ical conditions  of  these  primitive  rocks,  and  what  is  known  as  to 
their  probable  origin,  I  must  refer  you  to  my  friend  Dr.  Sterry 
Hunt,  to  whom  we  owe  so  much  of  what  is  known  of  the  older 
ci-ystalline  rocks^  as  well  as  of  their  literature,  and  the  questions 
which  they  raise.  My  purpose  here  is  to  sketch  the  remarkable 
difference  which  we  meet  as  we  ascend  into  the  Middle  and 
Upper  Laurentian. 

In  the  next  succeeding  formation,  the  true  Lower  Laurentian 
of  Logan,  the  Grcnville  series  of  Canada,  we  meet  with  a  great  and 
significant  change.  It  is  true  we  have  still  a  predominance  of 
gneisses  which  may  have  been  formed  in  the  same  manner  with 
those  below  them ;  but  we  find  these  now  associated  with  great 
beds  of  limestone  and  dolomite,  which  must  have  been  formed  by 
the  separation  of  calcium  and  magnesium  carbonates  from  the  sea 
water,  either  by  chemical  precipitation  or  by  the  agency  of  living 
beings.  We  have  also  quartzite,  quartzose  gneisses,  and  even 
pebble  beds^  which  inform  us  of  sand  banks  and  shores.  Na^*, 
more,  we  have  beds  containing  graphite  which  must  be  the  residue 
of  plants,  and  iron  ores  whicli  tell  of  the  dcoxidation    of  iron 
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oxide  by  organic  matters.  In  short,  Iiere  we  have  evidence  of 
new  factors  in  world-building,  of  land  and  ocean,  of  atmospheric 
deca}'  of  rocks,  of  deoxidizing  processes  carried  on  by  vegetable 
life  on  the  land  and  in  the  waters,  of  limestone-building  in  the  sea. 
To  afford  material  for  such  rocks,  the  old  Ottawa  gneiss  must  have 
been  lifLed  up  into  continents  and  mountain  masses.  Under  the 
slow  but  sure  action  of  the  carbonic  dioxide  dissolved  in  rain- 
water, its  felspar  had  crumbled  down  in  the  course  of  ages. 
Its  |)otash,  soda,  lime,  magnesia  and  part  of  its  silica  had  been 
washed  into  the  sea,  there  to  enter  into  new  combinations  and  to 
form  new  deposits.  The  crumbling  residue  of  fine  clay  and  sand 
had  been  also  washed  down  into  the  borders  of  the  ocean,  and  had 
been  there  deposited  in  beds^.  Thus  the  earth  had  entered  into  a 
new  phase,  which  continues  onward  through  the  geological  ages ; 
and  I  place  in  your  hands  one  key  for  unlocking  the  mystery  of 
the  world  when  I  affirm  that  this  great  change  took  place,  this  new 
era  of  modern  causes  was  inaugurated  in  the  midst  of  the  Lau- 
ren tian  period. 

Was  not  this  time  a  fit  period  for  the  first  appearance  of  life? 
Should  we  notexpect  ittoappear,  independently  of  the  evidence  we 
have  of  the  fact  ?  1  do  not  propose  to  enter  here  into  that  evidence, 
more  especially  in  the  case  of  the  one  well  characterized  Lauren- 
tian  fossil,  Eozoon  Canadense.  I  have  already  amply  illustrated 
it  elsewhere.  I  would  merely  say  here  that  we  should  bear  in  mind 
that  in  this  later  half  of  the  Lower  Laurentian,  or  if  we  so  choose 
to  style  it,  Middle  Laurentian  period,  we  have  the  conditions  re- 
quired for  life  in  the  sea  and  on  the  land ;  and  since  in  other 
periods  we  know  that  life  was  always  present  when  its  conditions 
were  present,  it  is  not  unreasonable  to  look  for  the  first  traces  of 
life  in  this  formation,  in  which  we  find  for  the  first  time  the  com- 
pletion of  those  physical  arrangements  which  make  life,  in  such 
forms  of  it  as  exist  on  our  planet,  possible. 

This  is  also  a  proper  place  to  say  something  of  the  doctrine  of 
what  is  termed  metamorphism.  The  Laurentian  rocks  are  undoubt- 
edly greatly  changed  from  their  original  state,  more  especially 
in  the  matters  of  cr^^stallization  and  the  formation  of  dissemi- 
nated minerals,  by  the  action  of  heat  and  heated  water.  Sand- 
stones have  thus  passed  into  quartzites,  clays  into  slates  and  schists, 
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limestones  into  marbles.     So  far,  roetamorphism  is  not  a  doubtfnl 
qaestion  ;  but  when  theories  of  metamoq^hism  go  so  far  as  to  sup- 
pose an  actual  change  of  one  element  for  another,  they  go  beyond 
the  bounds  of  chemical  credibility  ;  yet  such  theories  of  metamorphism 
areoflen  boldly  advanced  and  made  the  basis  of  important  conclu- 
sions.    Dr.  Hunt  has  happily  given  the  name  ^'  metasomatosis"  to 
this  imaginaiy  and  impossible  kind  of  metamorphism,  which  may 
be  regarded  as  an  extreme  kind  of  Evolution,  akin  to  some  of  those 
forms  of  that  theory  employed  with  reference  to  life,  but  more 
easily  detected  and  exposed.    I  would  have  it  to  be  understood 
that,  in  speaking  of  the  metamorphism  of  the  older   crystalline 
rocks,  it  is  not  to  this  metasomatosis  that  I  refer,  and  that  I  liold 
that  rocks  which  have  been  produced  out  of  the  materials  decom- 
posed by  atmospheric  erosion  can  never  by  any  process  of  meta- 
morphism be  restored  to  the  precise  condition  of  the  Laurentian 
rocks.     Thus  there  is  in  the  older  formations  a  genealogy  of  rocks, 
which,  in  the  absence  of  fossils,  may  be  used  with  some  confidence, 
but  which  does  not  apply  to  the  more  modem   deposits.     Still 
nothing  in  geology  absolutely  perishes,  or  is  altogether  discon- 
tinued ;  and  it  is  probable  that,  down  to  the  present  da}^  the  causes 
which  produced  the  old  Laurentian  gneiss  may  still  operate  in 
limited  localities.    Then,  however,  they  were  general  not  excep- 
tional.    It  is  further  to  be  observed  that  the  term  gneiss  is  some- 
times of  wide  and  even  loose  application.     Beside  the  typical  or- 
thoclase  and   hornblendic  gneiss  of  the  Laurentian,  there   are 
micaceous,   quartzose,  garnetiferous  and   many  other   kinds  of 
gneiss ;  and  even  gneissose  rocks,  which  hold  labradorite  or  anor- 
thite  instead   of  orthoclase,  are    sometimes,   though   not  accu- 
rately, included  in  the  term. 

The  Grenville  series,  or  Middle  Laurentian  is  succeeded  by  what 
Logan  in  Canada  called  the  Upper  Laurentian,  and  which  other 
geologists  have  called  the  Norite  or  Norian  series.  Here  we  still 
have  our  old  friends  the  gneisses,  but  somewhat  peculiar  in  tyi)e, 
and  associated  with  them  are  great  beds,  rich  in  lime-felspar,  the 
so-called  labradorite  and  anorthite  rocks.  The  precise  origin  of 
these  is  uncertain,  but  this  much  seems  clear,  namely,  that  they 
originated  in  circumstances  in  which  the  great  limestones  depos- 
ited in  the  Lower  or  Middle  Laurentian  were  beginning  to  be 
employed  in  the  manufacture,  probably  by  aqueo-igneous  agencies, 
of  lime-felspars.     This  proves  the  Norian  rocks  to    be    much 
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younger  than  the  Laiirentian,  and  that,  as  Logan  supposed,  con- 
siderable earth  movements  had  occurreii  between  tlie  two,  imply- 
ing lapse  of  time. 

Next  we  liave  the  Huronian  of  Logan,  a  series  mucli  less  cr3''8- 
talline  and  more  fragmentary,  and  affording  more  evidence  of  land 
elevation  and  atmospheric  and  aqueous  erosion  than  any  of  the 
others.  It  has  great  conglomerates,  some  of  them  made  up  of  rounded 
pebbles  of  Laurentian  rocks,  and  others  of  quartz  pebbles,  which 
roust  have  been  the  remains  of  rocks  subjected  to  very  perfect  ero- 
sion. The  pure  quartz -rocks  tell  the  same  tale,  while  limestones 
and  slates  speak  also  of  chemical  separation  of  the  materials  of 
older  rocks.  The  Huronian  evidently  implies  movements  in  the 
previous  Laurentian,  and  changes  in  its  texture  so  great,  that  the 
former  may  be  regarded  as  a  comparatively  modern  rock,  though 
vastly  older  than  any  part  of  the  Palaeozoic  series. 

Still  later  than  the  Huronian,  is  the  great  Micaceous  series, 
called  by  Hunt  the  Mont  Alban  or  White  mountain  group,  and 
the  Taconian  or  Lower  Taconic  of  Emmons,  which  recalls  in  some 
measure  the  conditions  of  the  Huronian.  The  precise  relations 
of  these  to  the  later  formations  and  to  certain  doubtful  deposits 
around  Lake  Superior,  can  scarcely'  be  said  to  be  settled,  though 
it  would  seem  that  tiiey  are  all  older  than  the  fossiliferous  Cam- 
brian rocks,  which  practicall}'  constitute  the  base  of  the  PalsBOzoic. 
I  have,  I  may  sa}',  satisfied  myself,  in  regions  which  I  have 
studied,  of  the  existence  and  order  of  these  rock^  as  successive  for- 
mations, though  I  would  not  dogmatize  as  to  the  precise  relations 
of  those  last  mentioned,  or  as  to  the  precise  age  of  some  dis- 
puted formations  which  may  either  be  of  the  age  of  the  older 
Eozoic  formations  or  may  be  peculiar  kinds  of  Palseozoic  rocks 
modified  by  metamorphism.  Probably  neither  of  the  extreme 
views  now  agitated  is  absolutely  correct. 

After  what  has  been  said,  you  will  perhaps  not  be  astonished 
that  a  great  geological  battle  rages  over  the  old  crystalline  rocks. 
By  some  geologists  they  are  almost  entirely  explained  away  or 
referred  to  igneous  action  or  to  the  alteration  of  ordinary  sedi< 
ments.  Under  the  treatment  of  another  school,  they  grow  to  great 
series  of  Pre-Cambrian  rocks,  constituting  vast  systems  of  for- 
mations, distinguishable  from  each  other,  not  by  fossils,  but  by 
differences  of  mineral  character.    I  have  akeady  indicated  the 
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manner  in  which  I  believe  the  dispute  will  ultimAtely  be  settled, 
and  the  President  of  the  Geological  Section  will  treat  it  more 
fully  in  his  opening  address. 

After  the  solitary  appearance  of  Eozoon  in  the  Laarentian,  and 
of  a  few  uncertain  forms  in  the  Huron ian  and  Taconian,  we  find 
ourselves,  in  the  Cambrian,  in  the  presence  of  a  nearly  complete  in- 
vertebrate fauna  of  protozoa,  polyps,  echinoderms,  mollusks  and 
Crustacea,  and  this  not  confined  to  one  locality  merely,  but  appar- 
ently extended  simultaneously  throughout  the  ocean.  This  sud- 
den incoming  of  animal  life,  along  with  the  subsequent  introduction 
of  successive  groups  of  invertebrates,  and  finally  of  vertebrate  an- 
imals, furnishes  one  of  the  greatest  of  the  unsolved  problems  of 
geology,  which  geologists  were  wont  to  settle  by  the  supposition 
of  successive  creations.  In  an  address  delivered  at  the  Detroit 
meeting  of  the  Association  in  1875,  I  endeavored  to  set  forth  the 
facts  as  to  this  succession,  and  the  general  principles  involved  iu 
it,  and  to  show  the  insufficiency  of  the  theories  of  evolution  sug- 
gested by  biologists  to  give  any  substantial  aid  to  the  geologist  in 
these  questions.  In  looking  again  at  the  points  there  set  forth, 
I  find  they  have  not  been  invalidated  by  subsequent  discoveries, 
and  that  we  are  still  nearly*  in  the  same  position  with  respect  to 
these  great  questions  that  we  were  in  at  that  time, —  a  singular 
proof  of  the  impotency  of  that  deductive  method  of  reasoning 
which  has  become  fashionable  among  naturalists  of  late.  Yet  the 
discussions  of  recent  years  have  thrown  some  additional  light  on 
these  matters,  and  none  more  so  than  the  mild  disclaimers  with 
which  m}'  friend  Dr.  Asa  Gray  and  other  moderate  and  scientific 
evolutionists  have  met  the  extreme  views  of  such  men  as  Roma- 
nes, Ilseckcl,  Lubbock  and  Grant  Allen.  It  may  be  useful  to  note 
some  of  these,  as  shedding  a  little  light  on  this  dark  corner  of  our 
unsolved  problems. 

1 1  has  been  urged  on  the  side  of  rational  evolution  that  this 
hypothesis  does  not  profess  to  give  an  explanation  of  the  absolute 
origin  of  life  on  our  planet,  or  even  of  the  original  organization 
of  a  single  cell  or  of  a  simple  mass  of  protoplasm,  living  or  dead. 
All  experimental  attempts  to  produce  by  synthesis  the  complex 
albuminous  substances  or  to  obtain  the  living  from  the  non-living, 
have  so  far  been  fruitless,  and  indeed  we  cannot  imagine  any  pro- 
cess by  which  such  changes  could  be  effected.    That  they  have 
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been  effected  we  know,  but  the  proeess  employed  by  their  maker  is 
still  as  mysterious  to  us  as  it  probably  was  to  him  who  wrote  the 
words: — "And  God  said  let  the  waters  swarm  witli  swarmers." 
How  vast  is  the  gap  in  our  knowledge  and  our  practical  power 
implied  in  this  admission,  which  must  however  be  made  by  every 
mind  not  absolutely  blinded  by  a  superstitious  belief  in  those 
forms  of  wotxis  which  too  often  pass  current  as  philosophy. 

But  if  we  are  content  to  start  with  a  number  of  organisms  ready 
made — a  somewhat  humili^ing  start  however — we  still  have  to  ask 
— How  do  these  vary  so  as  to  give  new  species?  It  is  a  singular 
illusion  in  this  matter,  of  men  who  profess  to  be  believers  in  natu- 
ral law,  that  variation  may  be  boundless,  aimless  and  fortuitous, 
and  that  it  is  by  spontaneous  selection  from  varieties  thus  pro- 
duced that  development  arises.  But  surely  the  supposition  of 
mere  chance  and  magic  is  unworthy  of  science.  Varieties  must 
have  causes,  and  these  causes  and  their  effects  must  be  regulated  by 
some  law  or  laws.  Now  it  is  easy  to  see  that  they  cannot  be 
caused  by  a  mere  innate  tendency  in  the  organism  itself.  Ever}* 
organism  is  so  nicely  equilibrated  that  it  has  no  such  spontaneous 
tendency,  except  within  the  limits  set  by  its  growth  and  the  law  of 
its  periodical  changes.  There  may,  however,  be  equilibrium  more 
or  less  stable.  I  believe  all  attempts  hitheito  made  have  failed  to 
acooant  for  the  fixity  of  certain,  nay  of  very  many,  types  through- 
out geological  time,  but  the  mere  consideration  that  one  may  be 
in  a  more  stable  state  of  equilibrium  than  another,  so  far 
explains  it.  A  rocking  stone  has  no  more  spontaneous  ten- 
dency to  move  than  an  ordinary  boulder,  but  it  may  be  made  to 
move  with  a  touch.  So  it  probably  is  with  organisms.  But  if  so, 
then  the  causes  of  variation  are  external,  as  in  man}'  cases  we 
actually  know  them  to  be,  and  they  must  depend  on  instability  or 
change  in  surroundings,  and  this  so  arranged  as  not  to  be  too  ex- 
treme in  amount  and  to  operate  in  some  determinate  direction. 
Observe  how  remarkable  the  unity  of  the  adjustments  involved  in 
such  a  supposition !  how  superior  they  must  be  to  our  rude  and  always 
more  or  less  unsuccessful  attempts  to  produce  and  carry  forward 
varieties  and  races  in  definite  directions  I  This  cannot  be  chance. 
If  it  exists  it  must  depend  on  plans  deepl}'  laid  in  the  nature  of 
things,  else  it  would  be  most  monstrous  magic  and  causeless  mira- 
cle*   Still  more  certain  is  this  conclusion  when  we  consider  the  vast 
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and  orderl}'  saccession  made  known  to  us  bj  geology,  and  wbich 
must  have  been  regulated  by  fixed  laws,  only  a  few  of  wbicb  are 
as  yet  known  to  us. 

Beyond  these  general  considerations,  we  have  others  of  a  more 
special  character,  based  on  pal  aeon  tological  facts,  which  show  bow 
imperfect  are  our  attempts  as  3*et  to  reach  the  true  causes  of  the 
introduction  of  genera  and  species. 

One  is  the  remarkable  fisit}'  of  the  leading  types  of  living  be- 
ings in  geological  time.  If,  instead  of  framing,  like  Ilseckel, 
fanciful  phylogeuies,  we  take  the  trouble  with  Ban-andc  and 
Gaudr}^  to  trace  the  forms  of  life  through  the  period  of  their  ex- 
istence, each  along  its  own  line,  we  shall  be  greatly  struck  with 
this,  and  especially  with  the  continuous  existence  of  many  low 
types  of  life  through  vicissitudes  of  physical  conditions  of  the 
most  stupendous  character,  and  over  a  lapse  of  time  scarcely  con- 
ceivable. What  is  still  more  remarkable  is  that  this  liolds  in 
groups  which,  within  certain  limits,  are  perhaps  the  most  variable 
of  all.  In  the  present  world,  no  creatures  are  individually  more 
variable  than  the  protozoa ;  as,  for  example,  the  foraminifera  and 
the  sponges.  Yet  these  groups  are  fundamentally  the  same,  from 
the  beginning  of  the  Palseozoic  until  now,  and  modei-n  species 
seem  scarcely  at  all  to  differ  from  specimens  procured  from  rocks 
at  least  half-way  back  to  the  beginning  of  our  geological  i-ecord. 
If  we  suppose  that  the  present  sponges  and  foraminifera  are  the 
descendants  of  those  of  the  Silurian  perioil,  we  can  affirm  that 
in  all  that  vast  lapse  of  time,  they  have  on  the  whole  made  little 
greater  change  than  that  which  may  be  observed  in  variable  forms 
at  present.  The  same  remark  applies  to  other  low  animal  forms. 
In  forms  somewhat  higher  and  less  variable,  this  is  equally  note- 
worthy. The  pattern  of  the  venation  of  the  wings  of  cock- 
roaches, and  the  structure  and  form  of  land  snails,  gaily- worms 
and  decapod  crustaceans  were  all  settled  in  the  Carboniferous  age, 
in  a  way  that  still  remains.  So  were  the  foliage  and  the  fructifi- 
cation of  club-mosses  and  ferns.  If,  at  any  time,  members  of 
these  groups  branched  off,  so  as  to  lay  the  foundation  of  new 
species,  this  must  have  been  a  very  rare  and  exceptional  oecar- 
rence  and  one  demanding  even  some  suspension  of  the  ordinary 
laws  of  nature. 

Certain  recent  utterances  of  eminent  scientific  men  m  £ngland 
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and  France,  are  most  instructive  with  reference  to  the  diflSculties 
which  encompass  this  subject.  Huxley,  at  present  the  leader  of 
English  evolutionists,  in  his  *'  Rede  Lecture  "^  delivered  at  Cam- 
bridge, England,  holds  that  there  are  only  two  "  possible 
alternative  hj'potheses"  as  to  the  origin  of  species — (1)  that  of 
"  construction '*  or  the  mechanical  putting  together  of  the  mate- 
rials and  parts  of  each  new  species  separately ;  and  (2)  that  of 
"evolution,"  or  that  one  form  of  life  "proceeded  from  another" 
by  the  "  establishment  of  small  successive  differences."  After 
comparing  these  modes,  much  to  the  disadvantage  of  the  first,  he 
concludes  with  the  statement  that  "  this  was  his  case  for  evolution, 
which  he  rested  wholl}'  on  arguments  of  the  kind  he  had  adduced" — 
these  arguments  being  the  threadbare  false  analogy  of  ordinary 
reproduction  and  the  transformation  of  species,  and  the  mere 
succession  of  forms  more  or  less  similar  in  geological  time,  neither 
of  them  having  any  bearing  whatever  on  the  origin  of  any  species 
or  on  the  cause  of  the  observed  succession.  With  reference  to 
the  two  alternatives,  while  it  is  true  that  no  certain  evidence  has 
yet  been  obtained  either  by  experiment  observation  or  sound  induc- 
tion as  to  the  moile  of  origin  of  any  species,  enough  is  known  to 
show  that  there  arc  numerous  possible  methods,  grouped  usually 
under  the  heads  of  absolute  creation,  mediate  creation,  critical 
evolution  and  gradual  evolution.  It  is  also  true  that  almost  the 
only^  thing  we  certainly  know  in  the  matter  is  that  the  differences 
characteristic  of  classes,  orders,  genera  and  species  must  have 
arisen,  not  in  one  or  two,  but  in  many  wa3's.  An  instructive  com- 
mentary on  the  capacity  of  our  age  to  deal  with  these  great  ques- 
tions is  afforded  by  the  fact  that  this  little  piece  of  clever  mental 
gymnastic  should  have  been  practised  in  a  university  lecture  and  in 
presence  of  an  educated  audience.  It  is  also  deserving  of  notice 
that  though  the  lecturer  takes  the  development  of  the  Nautili  and 
their  allies  as  his  principal  illustration,  he  evidently  attaches  no 
weight  to  the  argument  in  the  opposite  sense  deduced  by  Barrande, 
the  man  of  all  others  most  profoundly  acquainted  with  these  ani- 
mals, from  the  Palaeozoic  cephalopods.^ 

Another  example  is  afforded  by  a  lecture  recently  delivered  at 
the  Boyal  Institution  in  London  by  Prof.  Flower.^    The  subject 

«  Report  in  **'S&txnre/'  Jane  21,  corrected  by  the  anthor. 

*  Important  fM^U  bearing  on  this  point  haye  also  been  recently  discovered  by  Hyatt. 

•  Reported  in  **Natnre." 
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is,  **  The  Whales,  past  and  present,  and  their  probable  origin." 
The  latter  point,  as  is  well  known,  Gaudry  had  candidly  given  up. 
"  We  have  questioned,"  he  says,  '*  these  strange  and  gigantic  sov- 
ereigns of  the  Tertiary  oceans  as  to  their  ancestors, — they  leave 
ns  without  reply."  Flower  is  bold  enough  to  face  this  problem, 
and  he  does  so  in  a  fair  and  vigorous  way,  though  limiting  him- 
self to  the  supposition  of  slow  and  gradual  change.  He  gives  op 
at  once,  as  every  anatomist  must,  the  idea  of  an  origin  from  fishes 
or  reptiles.  He  thinks  the  ancestors  of  the  whales  mast  have 
been  quadrupedal  mammals.  He  is  obliged  for  good  reasons  to 
reject  the  seals  and  the  otters,  and  turns  to  the  ungulates,  though 
here  also  the  difllculties  are  formidable.  Finally,  he  has  recourse 
to  an  imaginary  ancestor,  supposed  to  have  haunted  marshes  and 
rivers  of  the  Mesozoic  age,  and  to  have  been  intermediate  between 
a  hippopotamus  and  a  dolphin,  and  omnivorous  in  diet.  As  this 
animal  is  altogether  unknown  to  geology  or  zoolc^y,  and  not 
much  less  difficult  to  account  for  than  the  whales  themselves,  he 
very  properly  adds :  "  Please  to  recollect,  however,  that  this  is 
a  mere  speculation."  He  trusts,  however,  that  such  speculations 
are  ^^  not  without  their  use ;"  but  this  will  depend  upon  whether 
or  not  they  lead  men*s  minds  from  the  path  of  legitimate  science 
into  the  quicksands  of  baseless  conjecture. 

Gaudr}',  in  his  recent  work,  "Enchainemcnts  du  Monde  Ani- 
mal,"^ though  a  strong  advocate  of  evolution,  is  obliged  in  his 
final  resum^  to  say:  ^^11  ne  laisse  point  percer  le  mystere 
qui  entoure  le  developpement  primitif  des  grandes  classes  du 
monde  animal.  Nul  homme  ne  salt  comment  ont  6t£  formes 
les  premiers  individus  de  foramlnif&res,  de  polypes,  d'^toiles 
de  mer,  de  crinoides,  etc.  Les  fossiles  primaii*es  ne  nous 
ont  pas  encore  fourni  de  preuves  positives  du  passage  des  animaux 
d'une  classe  a  ceux  d'une  autre  classe." 

Prof.  Williamson,  of  Manchester,  in  an  address  delivered  in 
February  last  before  the  Royal  Institution  of  Great  Britain,  after 
showing  that  the  conifers,  ferns  and  lycopods  of  the  Palaeozoic 
have  no  known  ancestry,  uses  the  significant  words :  ^^  The  time 
has  not  yet  arrived  for  the  appointment  of  a  botanical  king-at^arms 
and  constructor  of  pedigrees." 

Another  caution  which  a  palseontologist  has  occasion  to  give 
with  regard  to  theories  of  life,  has  reference  to  the  tendency  of 

'Parii,188S. 
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biologists  to  infer  that  animals  and  plants  were  introduced  under 
embryonic  forms,  and  at  first  in  few  and  imperfect  species.  Facts 
do  not  substantiate  this.  The  first  appearance  of  leading  types 
of  life  is  rarely  embryonic.  On  the  contrary,  they  often  appear 
in  highly  perfect  and  specialized  forms,  often  however  of  com- 
posite type  and  expressing  characters  afterwards  so  separated 
as  to  belong  to  higher  groups.  The  trilobites  of  the  Cambrian 
are  some  of  them  of  few  segments  and  so  far  embiyonic,  but  the 
greater  part  are  many-segmented  and  very  complex.  The  batra- 
chians  of  the  Carboniferous  present  many  characters  higher  than 
those  of  their  modem  successors  and  now  appropriated  to  the 
true  reptiles.  The  reptiles  of  the  Permian  and  Trias  usurped 
some  of  the  prerogatives  of  the  mammals.  The  ferns,  lycopods 
and  equisetums  of  the  Devonian  and  Carboniferous  were,  to  say 
the  least,  not  inferior  to  their  modern  representatives.  The  shell- 
beanng.  cephalopods  of  the  Palaeozoic  would  seem  to  have  pos- 
sessed structures  now  special  to  a  higher  group,  that  of  the 
cuttle-fishes.  The  bald  and  contemptuous  negation  of  these  facts 
by  Hffickel  and  other  biologists  does  not  tend  to  give  geologists 
much  confidence  in  their  dicta. 

Again,  we  are  now  prepared  to  say  that  the  straggle  for  exist- 
ence, however  plausible  as  a  theory,  when  put  before  us  in 
connection  with  the  productiveness  of  animals  and  the  few  survivors 
of  their  multitudinous  progeny,  has  not  been  the  determining 
cause  of  the  introduction  of  new  species.  The  periods  of  rapid 
introduction  of  new  forms  of  marine  life  were  not  periods  of 
struggle  but  of  expansion — those  periods  in  which  the  submer- 
gence of  continents  afforded  new  and  large  space  for  their  exten- 
sion and  comfortable  subsistence.  In  like  manner,  it  was 
continental  emergence  that  afforded  the  opportunity  for  the  intro- 
duction of  land  animals  and  plants.  Further,  in  connection  with 
this,  it  is  now  an  established  conclusion  that  the  great  aggressive 
faunas  and  floras  of  the  continents  have  originated  in  the  north, 
some  of  them  within  the  arctic  circle,  and  this  in  periods  of  excc}> 
tional  warmth,  when  the  perpetual  summer  sunshine  of  the  arctic 
regions  coexisted  with  a  warm  temperature.  The  testimony  of  the 
rocks  thus  is  that  not  struggle  but  expansion  furnished  the  requi- 
site conditions  for  new  forms  of  life,  and  that  the  periods  of  struggle 
were  characterized  by  depauperation  and  extinction. 

But  we  are  sometimes  told  that  organisms  are  merely  mechanl- 
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cal,  and  that  the  discussions  respecting  their  origin  have  no  signifi- 
cance any  more  than  if  they  related  to  rocks  or  crystals,  becaase 
they  relate  merely  to  the  organism  considered  as  a  machine,  and 
not  to  that  which  may  be  supposed  to  be  more  important,  namely, 
the  great  determining  power  of  mind  and  will.  That  this  is  a 
mere  evasion  by  which  we  really  gain  nothing,  will  appear  from  a 
characteristic  extract  of  an  article  by  an  eminent  biologist  in  the 
new  edition  of  the  Encyclopedia  Britannica,  a  publication  which, 
I  am  sorry  to  say,  instead  of  its  proper  role  as  a  repertory  of  facts, 
has  become  a  strong  partisan,  stating  extreme  and  unproved  s|)eo- 
ulations  as  if  they  were  conclusions  of  science.  The  statement 
referred  to  is  as  follows :  ^^A  mass  of  living  protoplasm  is  simply 
a  molecular  machine  of  great  complexity,  the  total  results  of  the 
working  of  which  or  its  vital  phenomena  dei>end  on  the  one  baud 
on  its  construction  and  on  the  other  on  the  energy  supplied  to  it ; 
and  to  speak  of  vitality'  as  anything  but  the  name  for  a  series  of 
operations  is  as  if  one  should  talk  of  the  horologity  of  a  clock.'* 
It  would  I  think  scarcely  be  possible  to  put  into  the  same  num1>er 
of  words  a  greater  amount  of  unscientific  assumption  and  unproved 
statement  than  in  this  sentence.  Is  ^'living  protoplasm" diflTerent 
in  any  way  from  dead  protoplasm,  and  if  so,  what  causes  the 
difference?  What  is  a  "machine?*'  Can  we  conceive  of  a  self- 
produced  or  uncaused  machine,  or  one  not  intended  to  work  out 
some  definite  results?  The  results  of  the  machine  in  question  are 
said  to  be  ^^  vital  phenomena ;"  certainly  most  wonderful  results, 
and  greater  than  those  of  any  machine  man  has  yet  been  able  to 
construct.  But  why  "  vital?"  If  there  is  no  such  thing  as  life, 
surely  they  are  merely  physical  results.  Can  mechanical  causes 
produce  other  than  physical  effects?  To  Aristotle,  life  was  "  the 
cause  of  form  in  organisms."  Is  not  this  quite  as  likely  to  be  true 
as  the  converse  proposition  ?  If  the  vital  phenomena  depend  on 
the  **  constiiiction  "  of  the  machine,  and  the  "  energy  supplied  to 
it,"  whence  this  construction  and  whence  this  energy  ?  The  illus- 
tration of  the  clock  does  not  help  us  to  answer  this  question. 
The  construction  of  the  clock  depends  on  its  maker,  and  its  energy 
is  derived  from  the  hand  that  winds  it  up.  If  we  can  think  of  a 
clock  which  no  one  has  made  and  which  no  one  winds,  a  dock 
constructed  by  chance,  set  in  harmony  with  the  universe  by 
chance,  wound  up  periodically  by  chance,  we  shall  then  have  an 
idea  parallel  to  that  of  an  organism  living  yet  without  any  vital  en- 
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crgy  or  creative  law,  but  in  such  a  case  we  should  certainly  have 
to  assume  some  antecedent  cause,  whether  we  call  it"  horologity  " 
or  by  some  other  name.  Perhaps  the  term  evolution  would  serve 
as  well  as  any  other,  were  it  not  that  common  sense  teaches  that 
nothing  can  be  spontaneously  evolved  out  of  that  in  which  it  did 
not  previously  exist. 

There  is  one  other  unsolved  problem  in  the  study  of  life  by 
the  geologist  to  which  it  is  still  necessary  to  advert.  This  is  the 
inability  of  palasontolog}'  to  fill  up  the  gaps  in  the  chain  of  being. 
In  this  respect  we  are  constantly  taunted  with  the  imperfection  of 
the  record ;  but  facts  show  that  the  record  is  much  more  complete 
than  is  generally  supposed.  Over  long  periods  of  time  and  many 
lines  of  being  we  have  a  nearly  continuous  chain,  and  if  this  does 
not  show  the  tendency  desired,  the  fault  is  as  likely  to  be  in  the  theory 
as  in  the  record.  On  the  other  hand,  the  abrupt  and  simultaneous 
appearance  of  new  types  in  many  specific  and  generic  forms  and 
over  wide  and  separate  areas  at  one  and  the  same  time,  is  too  often 
repeated  to  be  accidental.  Hence  palseontologists  in  endeavoring 
to  establish  evolution,  have  been  obliged  to  assume  periods  of  ex* 
oeptional  activity  in  the  introduction  of  species  alternating  with 
others  of  stagnation,  a  doctrine  differing  very  little  from  that  of 
special  creation  as  held  by  the  older  geologists. 

The  attempt  has  lately  been  made  to  account  for  these  breaks 
by  the  assumption  that  the  geological  record  relates  only  to 
periods  of  submergence  and  gives  no  information  as  to  those  of 
elevation.  This  is  manifestly  untrue.  In  so  far  as  marine  life  is 
concerned,  the  periods  of  submergence  are  those  in  which  new 
forms  abound  for  very  obvious  reasons  already  hinted ;  but  the 
{periods  of  new  forms  of  land  and  fresh- water  life  are  those  of  ele- 
vation, and  these  have  their  own  records  and  monuments,  often 
very  rich  and  ample,  as  for  example  the  swamps  of  the  Carbo« 
niferous,  the  transition  from  the  Cretaceous  subsidence  to  the  Lar- 
amie elevation,  the  Tcrtiai^  lake-basins  of  the  west,  the  Terraces 
and  raised  beaches  of  the  Pleistocene.  Had  I  time  to  refer  in 
detail  to  the  breaks  in  the  continuity  of  life  which  cannot  be 
explained  by  the  imperfection  of  the  record,  I  could  show  at  least 
that  nature  in  this  case  does  advance /)er  salium — by  leaps,  rather 
than  by  a  slow  continuous  process.  Many  able  reasoners,  as  Le- 
Conte  in  this  countiy,  and  Mivart  and  Collard  in  England,  hold 
this  view. 
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Here,  as  elsewhere,  a  vast  amount  of  steady  conscientioas  work 
is  required  to  enable  us  to  solve  the  problems  of  tbe  history  of 
life.  But  if  so,  the  more  the  hope  for  the  patient  student  and  in- 
vestigator. I  know  nothing  more  chilling  to  research  or  unfavor- 
able to  progress  than  the  promulgation  of  a  dogmatic  decision 
that  there  is  nothing  to  be  learned  but  a  merely  fortuitous  and 
uncaused  succession,  amenable  to  no  law,  and  only  to  be  covered, 
in  Order  to  hide  its  shapeless  and  unceitain  proportions,  by  the 
mantle  of  bold  and  gratuitous  hypothesis. 

So  soon  as  we  find  evidence  of  continents  and  oceans  we  i*aise 
the  question.  Have  these  continents  existed  from  the  first  in 
their  present  position  and  form,  or  have  the  land  and  water  changed 
places  in  the  course  of  geological  time  ?  In  reality  both  state- 
meuts  are  true  in  a  certain  limited  sense.  On  the  one  hand,  any 
geological  map  whatever  sufiSces  to  show  that  the  general  outline 
of  the  existing  land  began  to  bo  formed  in  the  first  and  oldest 
crumplings  of  the  crust.  On  the  other  hand,  the  greater  part  of 
the  surface  of  the  land  consists  of  marine  sediments  which  must 
have  been  derived  from  land  that  has  perished  in  the  process, 
while  all  the  continental  surfaces,  except  perhaps,  some  high  peaks 
and  ridges,  have  been  many  times  submerged.  Both  of  these  ap- 
parently contradictory  statements  are  true ;  and  without  assuming 
both  it  is  impossible  to  explain  the  existing  contours  and  reliefs 
of  the  surface. 

In  the  case  of  North  America,  the  form  of  the  old  nucleus  of 
Laurentian  rock  in  the  north  already  marks  out  that  of  the  finished 
continent,  and  the  successive  later  formations  have  been  laid  upon 
the  edges  of  this,  like  the  successive  loads  of  earth  dumped  over  an 
embankment.  But  in  order  to  give  the  great  thickness  of  the 
Palfleozoic  sediments,  the  land  must  have  been  again  and  again 
submerged  and  for  long  periods  of  time.  Thus,  in  one  sense,  the 
continents  have  been  fixed  ;  in  another,  they  have  been  constantly 
fluctuating.  Hall  and  Dana  have  well  illustrated  these  points  in 
so  far  as  eastern  North  America  is  concerned.  Prof.  Hull  of  the 
Geological  Survey  of  Ireland  has  recently  had  the  boldness  to  i-e- 
duce  the  fluctuations  of  land  and  water  as  evidenced  in  the  British 
Islands  to  the  form  of  a  series  of  maps  intended  to  show  the 
physical  geography  of  each  successive  period.  The  attempt  is 
probably  premature,  and  has  been  met  with  much  adverse  criticism ; 
but  there  can  be  no  doubt  that  it  has  an  element  of  truth.    When 
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we  attempt  to  calculate  what  could  have  been  supplied  fix>in  the 
old  Eozoic  nucleus  by  decay  and  aqueous  erosion,  and  when  we 
take  into  account  the  greater  local  thickness  of  sediments  towards 
the  present  sea-basins,  we  can  scarcely  avoid  the  conclusion  that 
extensive  areas  once  occupied  by  high  land  are  now  under  the  sea* 
But  to  ascertain  the  precise  areas  and  position  of  these  perished 
lands  may  now  be  impossible. 

In  point  of  fact  we  are  obliged  to  believe  in  the  contemporane- 
ous existence  in  all  geological  periods,  except  perhaps  the  very 
oldest,  of  three  sorts  of  areas  on  the  surface  of  the  earth :  ( 1 ) 
Oceanic  areas  of  deep  sea,  which  must  always  have  occupied  the 
bed  of  the  present  ocean  or  parts  of  it ;  (2)  Continental  plateaus 
sometimes  existing  as  low  flats  or  as  higher  table-lands  and  some- 
times submerged ;  (3)  Areas  of  plication  or  folding,  more  es- 
pecially along  the  borders  of  the  oceans,  forming  elevated  lands 
rarely  submerged  and  constantly  affording  the  material  of  sedimen- 
tary accumulations. 

Every  geologist  knows  the  contention  which  has  been  occasioned 
by  the  attempts  to  correlate  the  earlier  Palaeozoic  deposits  of  the 
Atlantic  margin  of  North  America  with  those  forming  at  the 
same  time  on  the  interior  plateau,  and  with  those  of  intervening 
lines  of  plication  and  igneous  disturbance.  Stratigraphy,  lith- 
ology  and  fossils,  are  all  more  or  less  at  fault  in  dealing  with 
these  questions,  and  while  the  general  nature  of  the  problem  is 
understood  by  many  geologists,  its  solution  in  particular  cases  is 
still  a  source  of  apparently  endless  debate. 

The  causes  and  mode  of  operation  of  the  great  movements  of 
the  earth's  crust  which  have  produced  mountains,  plains  and  table- 
lands, are  still  involved  in  some  mystery.  One  patent  cause  is  the 
unequal  settling  of  the  crust  toward  the  centre ;  but  it  is  not  so 
generally  understood  as  it  should  be,  that  the  greater  settlement 
of  the  ocean-bed  has  necessitated  its  pressure  against  the  sides  of 
the  continents  in  the  same  manner  that  a  huge  ice-floe  crushes  a 
ship  or  a  pier.  The  geological  map  of  North  America  shows 
this  at  a  glance,  and  impresses  us  with  the  fact  that  large  [X)r- 
tions  of  the  earth's  crust  have  not  only  been  folded  but  bodily 
pushed  back  for  great  distances.  On  looking  at  the  extreme 
north,  we  see  that  the  great  Laurentian  mass  of  central  Newfound- 
land has  acted  as  a  protecting  pier  to  the  space  immediately  west 
of  it,  and  has  caused  the  gulf  of  St.  Lawrence  to  remain  an  un-* 

A.  A.  A.  8.,  TOL.   XXZn.  '  2 


18  ADDRESS  BT 

disturbed  area  since  Palceozoic  times.     Immediately  to  the  soutii 
of  tiiis,  Nova  Scotia  and  New  Brunswick  are  folded  back.     Still 
farther  soutli,  as  Giiyot  has  shown,  the  old  sediments  have  been 
crushed  in  sharp  folds  against  the  Adirondack  mass,  which  has 
sheltered  the  table-land  of  the  Catskills  and  of  the  great  lakes. 
South  of  this  again  the  rocks  of  Pennsylvania  and  Maryland  have 
been  driven  back  in  a  great  curve  to  the  west.     Nothing,  1  think, 
can  more  forcibly  show  the  enormous  pressure  to  which  the  edges 
of  the  continents  have  been  exposed,  and  at  the  same   time  the 
great  sinking  of  the  ocean-beds.     Complex  and  difficult  to  calco- 
late  though  these  movements  of  plication  are,  the}'   are   more 
intelligible  than  the  apparently  regular  pulsations  of  the  flat  conti- 
nental areas,  whereby  they  have  alternately  been  below  and  above 
the  waters,  and  which  must  have  depended  on  somewhat  regularly 
recurring  causes,  connected  either  with  the  secular  cooling  of  the 
earth  or  with  the  gradual  retardation  of  its  rotation  or  with  both. 
Throughout  these  changes,  each  successive  elevation  exposed  the 
rocks  for  long  ages  to  the  decomposing  influence  of  the  atmos- 
phere.    Each  submergence  swept  away  and  deposited  as  sediment 
the  material  accumulated  by  decay.    Eveiy  change  of  elevation  was 
accompanied  with  changes  of  climate,  and  with  modifications  of 
the  habitats  of  animals  and  plants.    Were  it  possible  to  restore 
accurately  the  physical  geography  of  the  earth  in  all   these  re- 
spects, for  each  geological  period,  the  data  for  the  solution  of 
many  difficult  questions  would  be  furnished. 

It  is  an  unfortunate  circumstance  that  conclusions  in  geol- 
ogy arrived  at  by  the  most  careful  observation  and  induction  do 
not  remain  undisturbed,  but  require  constant  vigilance  to  prevent 
them  from  being  overthrown.  Sometimes,  of  course,  this  arises 
from  new  discoveries  throwing  new  light  on  old  facts ;  but  when 
this  occurs  it  rarely  works  the  complete  subversion  of  previously 
received  views.  The  more  usual  case  is  that  some  over  zealous 
specialist  suddenly  discovers  what  seems  to  him  to  overturn  all  pre- 
vious beliefs,  and  rushes  into  print  with  a  new  and  plausible  theory 
which  at  once  carries  with  him  a  host  of  half  informed  people, 
but  the  insufficiency  of  which  is  speedily  made  manifest. 

Had  I  written  this  address  a  few  years  ago,  I  might  have  re* 
ferred  to  the  mode  of  formation  of  coal  as  one  of  the  things  most 
surely  settled  and  understood.  The  labors  of  many  eminent  geol- 
ogists, microscopists  and  chemists  in  the  old  and  the  new  worlds 
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had  shown  that  coal  nearly  always  rests  upon  old  soil  surfaces  pen- 
etrated with  roots,  and  tliat  coal-beds  have  in  their  roofs  erect  trees, 
the  remains  of  the  last  forests  that  grew  upon  them.  Logan  and  the 
writer  have  illustrated  this  in  the  case  of  the  series  of  more  than 
sixt}'  successive  coal  beds  exposed  at  tlie  South  Joggins,  and  have 
shown  unequivocal  evidence  of  land  surfaces  at  the  time  of  the 
deposition  of  the  coal.  Microscopical  examination  has  proved 
that  these  coals  are  composed  of  the  materials  of  the  same  trees 
whose  roots  are  found  in  the  underclays,  and  their  stems  and  leaves 
in  the  roof  shales ;  that  much  of  the  material  of  the  coal  has  been 
sabjected  to  subaerial  decay  at  the  time  of  its  accumulation  ;  and 
that  in  this,  ordinary  coal  differs  from  bituminous  shale,  earthy 
bitumen  and  some  kinds  of  cannel,  which  have  been  formed  under 
water;  that  the  matter  remaining  as  coal  consists  almost  entirely 
of  epideimal  tissues,  which  being  suberose  in  character  are  highly 
carbonaceous,  very  durable  and  impermeable  b}'  water,^  and  are, 
hence,  the  best  fitted  for  the  production  of  pure  coal ;  and  finally 
that  the  vegetation  and  the  climatal  and  geographical  features  of 
the  coal  period  were  eminently  fitted  to  produce  in  the  vast  swamps 
of  that  period,  precisely  the  eflTects  observed.  All  these  points  and 
many  others  have  been  thoroughly  worked  out  for  both  European 
and  American  coal-fields,  and  seemed  to  leave  no  doubt  on  the 
subject.  But  several  years  ago  certain  microscopists  observed  on 
slices  of  coal  layers  filled  with  spore-cases,  a  not  unusual  cir- 
cumstance, since  these  were  shed  in  vast  abundance  by  the  trees 
of  the  coal  forests,  and  because  they  contain  suberose  matter 
of  the  same  character  with  epidermal  tissues  generally.  Immedi- 
ately we  were  informed  that  all  coal  consists  of  spores,  and  this 
being  at  once  accepted  by  the  unthinking,  the  results  of  the  labors 
of  many  years  are  thrown  aside  in  favor  of  this  crude  and  partial 
theory.  A  little  later,  a  German  microscoplst  has  thought  proper 
to  describe  coal  as  made  up  of  minute  algae,  and  tries  to  reconcile 
this  view  with  the  appearances,  devising  at  the  same  time  a  new 
and  formidable  nomenclature  of  generic  and  specific  names,  which 
wonld  seem  largely  to  represent  mere  fragments  of  tissues.  Still 
later,  some  local  facts  in  a  French  coal-field  have  induced  an 
eminent  botanist  of  that  country  to  revive  the  drift  theory  of  coal. 
in  opposition  to  that  of  growth  in  situ.  A  year  or  two  ago,  when 
my  friend  Professor  Williamson  of  Manchester,  informed  me  that 
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he  was  preparing  a  large  series  of  slices  of  coal  with  the  view  of 
revising  the  whole  subject,  I  was  inclined  to  say  that  after  what 
had  been  done  by  Lyell,  Goeppcrt,  Logan,  Hnnt,  Newberry  and 
myself,  this  was  scarcely  necessary ;  but  in  view  of  what  I  have 
Just  stated,  it  may  be  that  all  he  can  do  will  be  requii^  to  rescue 
from  total  ruin  the  results  of  our  labors  even  should  he  make  no 
new  discoveries. 

An  illustration  of  a  different  character  is  afforded  by  the  contro- 
versy now  raging  with  respect  to  the  so-called  fucotds  of  the 
ancient  rocks.  At  one  time  the  group  of  fucoids  or  algs  consti- 
tuted a  general  place  of  refuge  for  all  sorts  of  unintelligible  forms 
and  markings ;  graptolites,  worm- trails,  crustacean  tracks,  shrink- 
age-cracks, and  above  all  rill-markings  forming  a  faeterc^eneous 
group  of  fucoidal  remains  distinguished  by  generic  and  specific 
names.  To  these  were  also  added  some  true  land  plants,  badly 
preserved  or  exhibiting  structures  not  well  understood  by  bota- 
nists. Such  a  group  was  sure  to  be  eventnally  dismembered. 
The  writer  has  himself  done  something  toward  this,'  but  Pro- 
fessor Nathorst  has  done  still  more,^'  and  now  some  intelligible 
explanation  can  be  given  of  many  of  these  forms.  Quite  recently, 
however,  the  Count  de  Saporta,  in  an  elaborate  illustrated  memoir^^ 
has  come  to  the  defence  of  the  fucoids,  more  especially-  against  the 
destructive  experiments  of  Nathorst,  and  would  carrj^  back  into 
the  vegetable  kingdom  many  things  which  would  seem  to  be 
mere  trails  of  animals.  While  writing  this  address,  I  have  re^ 
ceived  from  Professor  Cri^  of  Rennes,  a  paper  in  which  he  not 
only  supports  the  algal  nature  of  Musichnites,  ArtJirichnites  and 
many  other  supposed  fucoids,  but  claims  for  the  vegetable  king- 
dom even  ReceptaculiUs  and  ArchcRocycUhus,  It  is  not  to  be 
denied  that  some  of  the  facts  which  he  cites  respecting  the 
structure  of  the  Siphonice  and  of  certain  modem  encrusting  AlgtB 
are  very  suggestive,  though  I  cannot  agree  with  his  conclusions. 
My  own  experience  has  convinced  me  that,  while  non-botanical 
geologists  are  prone  to  mistake  all  kinds  of  markings  for  plants, 
even  good  botanists,  when  not  familiar  with  the  chemical  and 
mechanical  conditions  of  fossilization,  and  with  the  present  phe- 
nomena of  tidal  shores,  are  quite  as  easily  misled,  though  tbey 

*  Footprints  and  Impressions  on  Carboniferoas  Rocks,  Am.  Jour,  of  Science,  IKS. 

10  Royal  Swedish  Academy,  Stockholm,  1881. 

11  Apropos  des  Algaes  fossUea,  Paris,  1888. 
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are  very  prone  on  the  other  hand  to  regard  land  plants  of  some 
complexity,  when  badly  preserved,  as  mere  algse.  In  these  cir- 
cumstances it  is  very  difficult  to  secure  any  consensus,  and  the 
ti-uth  is  only  to  be  found  by  careful  observation  of  competent  men. 
One  trouble  is  that  these  usually  obscure  markings  have  been  de- 
spised by  the  greater  number  of  palaeontologists,  and  probably 
would  not  now  be  so  much  in  controversy  were  it  not  for  the  use 
made  of  them  in  illustrating  supposed  phylogenics  of  plants. 

It  would  be  wrong  to  close  this  address  without  some  reference 
to  that  which  is  the  veritable  pons  asinorum  of  the  science,  the 
great  and  much  debated  glacial  period.  I  trust  that  you  will  not 
suppose  that  in  the  end  of  an  hour's  address,  I  am  about  to  dis- 
cuss this  vexed  question.  Time  would  fail  me  even  to  name  the 
hosts  of  recent  authors  who  have  contended  in  this  arena.  I  can 
hope  only  to  point  out  a  few  landmarks  which  may  aid  the  geo- 
logical adventurer  in  traversing  the  slippery  and  treacherous  sur- 
face of  the  hyiK>thetical  ice-sheets  of  pleistocene  times,  and  in 
avoiding  the  yawning  crevasses  by  which  they  are  traversed. 

No  conclusions  of  geology  seem  more  certain  than  that  great 
changes  of  climate  have  occurred  in  the  course  of  geological  time, 
and  the  evidence  of  this  in  that  comparatively  modern  period 
which  immediately  preceded  the  human  age  is  so  striking  that  it 
has  come  to  be  known  as  preeminently  the  ice  age  ;  while  in  the 
preceding  tertiary  periods,  temperate  conditions  seem  to  have  pre- 
vailed even  to  the  pole.  Of  the  many  theories  as  to  these  changes 
which  have  been  proposed,  two  seem  at  present  to  divide  the  suf- 
frages of  geologists,  either  alone  or  combined  with  each  other. 
These  are  (l)the  theory  of  the  precession  of  the  equinoxes  in  con- 
nection with  the  var^Mug  eccentricity  of  the  earth's  orbit,  advo- 
cated more  especially  by  Croll ;  and  (2)  the  different  distribution 
of  land  and  water  as  affecting  the  reception  and  radiation  of  heat 
and  the  ocean  currents,  a  theory  ably  propounded  by  Lyell,  and 
subsequently  extensively  adopted  either  alone  or  with  the  previous 
one.  One  of  these  views  may  be  called  the  astronomical,  the 
other  the  geographical.  I  confess  that  I  am  inclined  to  accept 
the  second  or  Lycllian  theory  for  such  reasons  as  the  following : 

(1)  Great  elevations  and  depressions  of  land  have  occurred  in  and 
since  the  Pleistocene,  while  the  alleged  astronomical  changes  are  not 
certain,  moreespeclally  in  regard  to  their  probable  effect  on  the  earth ; 

(2)  When  the  rival  theories  are  tested  by  the  present  phenomena 
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of  the  southern  polar  region  and  the  North  Atlantic,  there  seem 
to  be  geographical  causes  adequate  to  account  for  all  except  ex- 
treme and  unproved  glacial  conditions ;  (3)  The  astronomical 
cause  would  suppose  regularly  recurring  glacial  periods  of  which 
there  is  no  evidence,  and  it  would  give  to  the  latest  glacial  age  an 
antiquity  which  seems  at  variance  with  all  other  facts ;  (4)  In 
those  more  northern  regions  where  glacial  phenomena  are  most 
pronounced,  the  theory  of  floating  sheets  of  ice,  with  local  glaciers 
descending  to  the  sea,  seems  to  meet  all  the  conditions  of  the 
case,  and  these  would  be  obtained,  in  the  North  Atlantic  at  least, 
by  very  moderate  changes  of  level,  causing,  for  example,  the  equa- 
torial current  to  flow  into  the  Pacific,  instead  of  running  north- 
ward as  a  gulf  stream  ;  (5)  The  geographical  theory  allows  the 
supposition  not  merely  of  vicissitudes  of  climate  quickly  follow- 
ing each  other  in  unison  with  the  movements  of  the  surface,  but 
allows  also  of  that  near  local  approximation  of  regions  wholly 
covered  with  ice  and  snow  and  others  comparatively  temperate 
which  we  see  at  present  in  the  north. 

If,  however,  we  are  to  adopt  the  geographical  theory,  we  must 
avoid  extreme  views,  and  this  leads  to  the  inquiry  as  to  the  evi- 
dence to  be  found  for  any  such  universal  and  extreme  glaciatiou  as 
is  demanded  by  some  geologists. 

The  only  large  continental  area  in  the  northern  hemisphere  sup- 
posed to  be  entirely  ice-  and  snow-clad  is  Greenland,  and  this  so 
fai'  as  it  goes  is  certainly  a  local  case,  for  the  ice  and  snow  of 
Greenland  extend  to  the  south  as  far  as  60°  N.  latitude,  while 
both  in  Norway  and  in  the  interior  of  North  America  the  climate 
in  that  latitude  permits  the  growth  of  cereals.  Further,  Grinnel 
Laud,  which  is  separated  from  North  Greenland  on!}'  by  a  narrow 
sound,  has  a  comparatively  mild  climate,  and  as  Nares  has  shown 
is  covered  with  verdure  in  summer.  Still  further,  Nordenskiold, 
one  of  the  most  experienced  arctic  explorers,  holds  that  it  is  prob- 
able that  the  interior  of  Greenland  is  itself  verdant  in  summer, 
and  is  at  this  moment  preparing  to  attempt  to  reach  this  interior 
oasis.  Nor  is  it  difficult  with  the  aid  of  the  facts  cited  by 
Woelckoff  and  Whitne^^^^to  perceive  the  cause  of  the  exceptional 
condition  of  Greenland.  To  give  ice  and  snow  in  large  quanti- 
ties, two  conditions  ai*e  required :  first,  atmospheric  humidity,  and, 
secondly,  cold  precipitating  regions.     Both  of  these  conditions 

"  Memoir  on  Glaciers,  tieol.  Soc'j,  Berlin,  1881.   Climatic Cluuiffes«  Boilon,  188S. 
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meet  in  Greenland.  Its  high  coast  ranges  receive  and  condense 
the  humidity  from  the  sea  on  both  sides  of  it  and  to  the  south. 
Hence  the  vast  accumulation  of  its  coast  snow-fields,  and  the  in- 
tense discharge  of  the  glaciers  empt3ing  out  of  its  valleys. 
When  extreme  glacialists  point  to  Greenland  and  ask  us  to  believe 
that  in  the  glacial  age  the  whole  continent  of  North  America  as 
far  south  as  the  latitude  of  '40°  was  covered  with  a  continental 
glacier,  in  some  places  several  thousands  of  feet  thick,  we  may 
well  ask  first  what  evidence  there  is  that  Greenland  or  even  the 
Antarctic  continent  at  present  shows  such  a  condition  ;  and,  sec- 
ondly, whether  there  exists  a  possibility  that  the  interior  of  a  great 
continent  could  ever  receive  so  large  an  amount  of  precipitation 
as  that  required.  So  far  as  present  knowledge  exists,  it  is  cer- 
tain that  the  meteorol(^ist  and  the  physicist  must  answer  both 
questions  in  the  negative.  In  short,  perpetual  snow  and  glaciers 
must  be  local  and  cannot  be  continental,  because  of  the  vast 
amount  of  evaporation  and  condensation  required.  These  can 
only  be  possible  where  comparatively  warm  seas  supply  moisture 
to  cold  and  elevated  land,  and  this  supply  cannot  in  the  nature  of 
things  penetrate  far  inland.  The  actual  condition  of  interior  Asia 
and  interior  America  in  the  higher  northern  latitudes  afiTords  posi- 
tive proof  of  this.  In  a  state  of  partial  submergence  of  our  north- 
ern continents,  we  can  readily  imagine  glaciation  by  the  combined 
action  of  local  glaciers  and  great  ice-floes,  but  in  whatever  way  the 
phenomena  of  the  boulder  clay  and  of  the  so-called  terminal  mo- 
raines are  to  be  accounted  for,  the  theory  of  a  continuous  conti- 
nental glacier  must  be  given  up. 

I  cannot  better  indicate  the  general  bearing  of  facts,  as  they 
present  themselves  to  my  mind  in  connection  with  this  subject, 
than  by  referring  to  a  paper  by  Dr.  G.  M.  Dawson  on  the  distribu- 
tion of  drift  over  the  great  Canadian  plains,  east  of  the  Rocky 
mountains.^3  I  am  the  more  inclined  to  refer  to  this,  because  of 
its  recency,  and  because  I  have  so  often  repeated  similar  conclu- 
sions as  to  eastern  Canada  and  the  region  of  the  Great  Lakes. 

Tlie  great  interior  plain  of  western  Canada,  between  the  Lau- 
rentian  axis  on  the  east  and  the  Rocky  mountains  on  the  west, 
is  seven  hundred  miles  in  breadth,  and  is  covered  with  glacial  drift 
presenting  one  of  the  greatest  examples  of  this  deposit  in  the 
world.     Proceeding  eastward  from  the  base  of  the  Rocky  moun- 
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tains,  the  surface,  at  first  more  than  4,000  feet  above  the  sea 
level,  descends  by  successive  steps  to  690  feet,  and  is  based  on 
Cretaceous  and  Laramie  i-ocks,  covered  by  boulder  claj  and  sand, 
in  some  places  from  one  hundred  to  two  hundred  feet  in  depth, 
and  filling  up  preexisting  hollows,  though  itself  sometimes  piled 
into  ridges.  Near  the  Rocky  mountains  the  bottom  of  the  drift 
consists  of  gravel  not  glaciated.  This  extends  to  about  one  hun- 
dred miles  east  of  the  mountains,  and  must  have  been  swept  by 
water  out  of  their  valleys.  The  boulder  clay  resting  on  this  de- 
posit is  largely  made  up  of  local  debris,  in  so  far  as  its  paste  is 
concerned.  It  contains  many  glaciated  boulders  and  stones  from 
the  Laurentian  region  to  the  east,  and  also  smaller  pebbles  from 
the  Rocky  mountains,  so  that  at  the  time  of  its  formation  there 
must  have  been  driftage  of  large  stones  for  seven  hundred  miles 
or  more  from  the  east,  and  of  smaller  stones  from  a  less  distance 
on  the  west.  The  former  kind  of  material  extends  to  the  base 
of  the  mountains,  and  to  a  height  of  more  than  4,000  feet.  One 
boulder  is  mentioned  as  being  42  X  40  X  20  feet  in  dimensions. 
The  highest  Laurentian  boulders  seen  were  at  an  elevation  of  4,660 
feet  on  the  base  of  the  Rocky  mountains.  The  boulder  clay  when 
thick  can  be  seen  to  be  rudely  stratified,  and  at  one  place  in- 
cludes beds  of  laminated  clay  with  compressed  peat,  similar  to 
the  forest  beds  described  by  Worthen  and  Andrews  in  Illinois, 
and  the  so-called  interglacial  beds  described  by  Hinde  on  Lake 
Ontario.  The  leaf  beds  on  the  Ottawa  river  and  the  drift  trunks 
found  in  the  boulder  clay  of  Manitoba  belong  to  the  same  cate- 
gory, and  indicate  that  throughout  the  glacial  period  there  were 
many  forest  oases  far  to  the  north.  In  the  valle3'S  of  the  Rocky 
mountains  opening  on  these  plains  there  are  evidences  of  large 
local  glaciers  now  extinct,  and  similar  evidences  exist  on  the 
Laurentian  highlands  on  the  east. 

Perhaps  the  most  remarkable  feature  of  the  region  is  that  im- 
mense series  of  ridges  of  drift  piled  against  an  escarpment  of 
Laramie  and  Cretaceous  rocks,  at  an  elevation  of  about  2,500 
feet,  and  known  as  the  '^  Missouri  Coteau."  It  is  in  some  places 
80  miles  broad  and  180  feet  in  height  above  the  plain  at  its  foot, 
and  extends  north  and  south  for  a  great  distance ;  being  in  fact 
the  northern  extension  of  those  great  ridges  of  drift  which  have 
been  traced  south  of  the  great  lakes,  and  through  Pennsylvania 
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and  New  Jersey,  and  which  figure  on  the  geological  maps  as  the 
edge  of  a  continental  glacier, — an  explanation  obviously  inap- 
plicable in  those  western  regions  where  they  attain  their  greatest 
development.  It  is  plain  that  in  the  north  it  marks  the  western 
limit  of  the  deep  water  of  a  glacial  sea,  which  at  some  periods 
extended  much  farther  west,  perhaps  with  a  greater  proportionate 
depression  in  going  westward,  and  on  which  heavy  ice  from  the 
Laurentian  districts  on  the  east  was  wafted  southwestward  by 
the  arctic  currents,  while  lighter  ice  from  the  Rocky  Mountains 
was  being  borne  eastward  from  these  mountains  by  tiie  prevail- 
ing westerly  winds.  We  thus  have  in  the  west  on  a  very  wide 
scale  the  same  phenomena  of  varying  submergence,  cold  cur- 
rents, great  ice  floes  and  local  glaciers  producing  icebergs,  to 
which  I  have  attributed  the  boulder  clay  and  upper  boulder  drift 
of  eastern  Canada. 

A  few  subsidiary  points  I  may  be  pardoned  for  mentioning  here. 
The  rival  theories  of  the  glacial  period  are  often  characterized 
as  tbose  of  land  glaciation  and  sea-borne  icebergs.  But  it  must 
be  remembered  that  those  who  reject  the  idea  of  a  continental 
glacier  hold  to  the  existence  of  local  glaciers  on  the  high  lands, 
more  or  less  extensive  during  different  portions  of  the  great  Pleis- 
tocene submergence.  They  also  believe  in  the  extension  of  these 
glaciers  seawards,  and  partly  water-borne  in  the  manner  so  well 
explained  by  Mattiou  Williams,  in  the  existence  of  those  vast 
floes  and  Qelds  of  current  and  tide-borne  ice  whose  powers  of 
transport  and  erosion  we  now  know  to  be  so  great,  and  in  a  great 
submergence  and  reelevation  of  the  land  bringing  all  parts  of  it 
and  all  elevations  up  to  5,000  feet  successively  under  the  influence 
of  these  various  agencies,  along  with  those  of  the  ocean  currents. 
They  also  hold  that  at  tlie  beginning  of  tiie  glacial  submergence, 
the  land  was  deeply  covered  by  decomposed  rock,  similar  to  that 
which  still  exists  on  the  hills  of  the  southern  states,  and  which  as 
Dr.  Hunt  has  shown  would  afford  not  only  earthy  debris  but  large 
quantities  of  boulders  ready  for  transportation  by  ice. 

I  would  also  remark  that  there  has  been  the  greatest  possible 
exaggeration  as  to  the  erosive  action  of  land  ice.  In  1865, 
after  a  visit  to  the  Alpine  glaciers,  I  maintained  that  in  these 
mountains  glaciers  are  relatively  protective  rather  than  erosive 
agencies,  and  that  the  detritus  which  the  glacier  streams  deliver 
is  derived  mostly  from  the  atmospherically  wasted  peaks  and 
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cli(&  that  project  above  them.  Since  that  time  many  other  ob- 
servers have  maintained  like  views,  and  very  recently  Mr.  Dam 
of  Cambridge  and  Mr.  A.  Irving  have  ably  treated  this  subject. ^^ 
Smoothing  and  striation  of  rocks  are  undoubtedly  Important  effects 
both  of  land-glaciers  and  heavy  sea-borne  ice,  but  the  levelling 
and  filling  agency  of  these  is  much  greater  than  the  erosive.  As 
a  matter  of  fact,  as  Newberry,  Hunt,  Belt,  Spencer  and  others  have 
shown,  the  glacial  age  has  dammed  up  vast  numbers  of  old  channels 
which  it  has  been  led  for  modern  streams  partially  to  excavate. 

The  till  or  boulder  clay  has  been  called  a  "  ground  moraine," 
but  there  are  really  no  Alpine  moraines  at  all  corresponding  to  it. 
On  the  other  hand,  it  is  more  or  less  stratified,  often  rests  on  soft 
materials  which  glaciers  would  have  swept  away,  sometimes  con« 
tains  marine  shells,  or  passes  into  marine  clays  in  its  horizontal 
extension,  and  invariably  in  its  embedded  bould€n*s  and  its  paste, 
shows  an  unoxidized  condition,  which  could  not  have  existed  if  it 
had  been  a  subaerial  de|30sit.  When  the  Canadian  till  is  excavated 
and  exposed  to  the  air,  it  assumes  a  brown  color,  owing  to  oxida- 
tion of  its  iron,  and  many  of  its  stones  and  boulders  break  np 
and  disintegrate  under  the  action  of  air  and  frost.  These  are 
unequivocal  signs  of  a  subaqueous  deposit.  Here  and  there  we 
find  associated  with  it,  and  especially  near  the  bottom  and  at  the 
top,  indications  of  powerful  water  action,  as  if  of  land  torrents 
acting  at  particular  elevations  of  the  land,  or  heavy  surf  and  ice 
action  on  coasts,  and  the  attempts  to  explain  these  by  glacial 
streams  have  been  far  from  successful.  A  singular  objection 
sometimes  raised  against  the  subaqueous  origin  of  the  till  is  its 
general  want  of  marine  remains  ;  but  this  is  by  no  means  universal, 
and  it  is  well  known  that  coarse  conglomerates  of  all  ages  are 
generally  destitute  of  fossils,  except  in  their  pebbles,  and  it  is 
further  to  be  observed  that  the  conditions  of  an  ice-laden  sea  are 
not  those  most  favorable  for  the  extension  of  marine  life,  and  that 
the  period  of  time  covered  by  the  glacial  age  must  have  been  short 
compared  with  that  represented  by  some  of  the  older  formations. 

This  last  consideration  suggests  a  question  which  might  afford 
scope  for  another  address  of  an  hour's  duration, — the  question  how 
long  time  has  elapsed  since  the  close  of  the  glacial  period.  Re- 
cently the  opinion  has  been  gaining  ground  that  the  close  of  the 

^Proceedings  Boston  Soc.  Nat.  Hist.,  XXII.  Journal  of  Qeologioal  Society,  Febn* 
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ice-age  is  very  recent.  Such  reasons  as  the  following  lead  to  this 
conclusion.  The  amount  of  atmospheric  decay  of  rocks  and  of 
denudation  in  general  which  have  occurred  since  the  close  of  the 
glacial  period  are  scarcely  appreciable.  Little  erosion  of  river 
valleys  or  of  coast  terraces  has  occurred.  The  calculated  reces- 
sion of  waterfalls  and  of  production  of  lake  ridges  lead  to  the 
same  conclusion.  So  do  the  recent  state  of  bones  and  shells  in 
the  Pleistocene  deposits  and  the  perfectly  modern  facies  of  their 
fossils.  On  such  evidence  the  cessation  of  the  glacial  cold  and 
settlement  of  our  continents  at  their  present  levels  are  events 
which  may  have  occurred  not  more  than  6000  or  7000  years  ago, 
though  such  time  estimates  are  proverbially  uncertain  in  geolog3\ 
This  subject  also  carries  with  it  the  greatest  of  all  geological 
problems,  next  to  that  of  the  origin  of  life,  namely,  the  origin  and 
early  history  of  man.  Such  questions  cannot  be  discussed  in  the 
closing  sentences  of  an  hour's  address.  I  shall  onl}'  draw  from  them 
one  practical  inference.  Since  the  comparatively  short  Post- 
glacial and  recent  i)eriods  apparently  include  the  whole  of  human 
history,  we  are  but  new  comers  on  the  earth  and  therefore  have 
had  little  opportunity  to  solve  the  great  problems  which  it  presents 
to  as.  But  this  is  not  all.  Geology  as  a  science  scarcely  dates 
from  a  century  ago.  We  have  reason  for  surprise  in  these  cir- 
cumstances, that  it  has  learned  so  much,  but  for  equal  surprise 
that  so  many  persons  appear  to  think  it  a  complete  and  full-grown 
science  and  that  it  is  entitled  to  speak  with  confidence  on  all  the 
great  mysteries  of  the  earth  that  have  been  hidden  from  the  gener- 
ations before  us.  Such  being  the  newness  of  man  and  of  his 
science  of  the  earth,  it  is  not  too  much  to  say  that  humility,  hard 
work  in  collecting  facts,  and  abstinence  from  hasty  generalization 
should  characterize  geologists,  at  leaA  for  a  few  generations  to 
come. 

In  conclusion,  science  is  light,  and  light  is  good ;  but  it  must 
be  carried  high,  else  it  will  fail  to  enlighten  the  world.  Let  us 
strive  to  raise  it  high  enough  to  shine  over  every  obstruction 
which  casts-  any  shadow  on  the  true  interests  of  humanity.  Above 
all,  let  us  hold  up  the  light  and  not  stand  in  it  ourselves* 
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A  Classication  of  the  Natural  Sciences.    By  T.  Sterrt  Hcjmt 
of  Montreal,  Can. 

[▲B8TIUCT.] 

To  frame  a  rational  classification  of  the  natural  sciences,  and  to 
define  their  mutual  relations,  has  often  been  attempted.  The 
present  writer,  in  an  essay  read  before  the  National  Academy  of 
Sciences  in  April,  1881,  and  published  \nt\ieL.E.  &  D,  Philch 
sojyJiical  Magazine,  for  October,  1881,  with  the  title  of  ''The  Domain 
of  Ph^'siology/'  suggested  the  basis  of  such  a  scheme,  and  he  now, 
at  the  request  of  some  of  his  readers,  ventures,  for  the  first  time, 
to  embody  in  a  concise  and  tabulated  form  the  views  then  and 
there  enunciated,  in  the  hope  that  other  students  may  find  it  not 
unworthy  of  their  notice. 

The  study  of  material  nature  constitutes  what  the  older  schol- 
ars coiTectly  and  comprehensively  termed  physics  (the  words 
physical  and  natural  being  synonymous)  and  presents  itself  in  a 
twofold  aspect:  — first,  as  descriptive  ;  and,  second,  as  philosoph- 
ical, —  a  distinction  embodied  in  the  terms  Naturnl  History  and 
Natural  Philosophy,  or,  more  concisely,  in  the  words  Physiograph}' 
and  Physiology.  The  latter  word  has,  from  the  time  of  Aristotle, 
been  employed,  in  this  general  sense,  to  designate  the  philosophi- 
cal study  of  nature,  and  will  so  be  used  in  the  present  classifica- 
tion. 

The  world  of  nature  is  divided  into  the  inorganic  or  mineralogi- 
cal,  and  the  organic  or  biological,  kingdoms ;  the  division  of  the 
latter  into  vegetable  and  animal  being  a  subordinate  one.    The 
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natural  history,  or  physiography,  of  the  inorganic  kingdom,  takes 
cognizance  of  the  sensible  characters  of  chemical  species,  and  gives 
us  descriptive  and  systematic  mineralogy,  which  have  hitherto 
been  restricted  to  native  species,  but,  in  their  wider  sense,  include 
all  artificial  species  as  well.  The  study  of  native  mineral  species, 
their  aggregations,  and  their  arrangement  as  constituents  of  our 
planet,  is  the  object  of  geognosy  and  physical  geography.  The 
physiograph}'  of  other  worlds  gives  rise  to  descriptive  astronomy. 

The  natural  philosophy  of  the  inorganic  kingdom,  or  mineral 
physiology,  is  concerned,  in  the  first  place,  with  what  is  generally 
called  dynamics  or  physics  ;  including  the  phenomena  of  ordinary 
motion,  sound,  temperature,  radiant  energy,  electricity,  and  mag- 
netism. D^'namics,  in  the  abstract,  regards  matter  in  general, 
without  relation  to  species ;  chemism  generates  therefrom  mineral- 
ogical  or  so-called  chemical  species,  which,  theoretically*,  may  be 
supposed  to  be  formed  from  a  single  elemental  substance  or 
materia  prima,  by  the  chemical  process.  Dynamics  and  chemistry 
build  up  our  inorganic  world,  giving  rise  to  geogeny,  and,  as  ap- 
plied to  other  worlds,  to  theoretical  astronomy.  ^ 

Proceeding  now  to  the  organic  kingdom,  its  physiographical 
study  leads  us  first  to  organography,  and  then  to  descriptive  aod 
systematic  botany  and  zoology,  two  great  subdivisions  of  natural 
history.  Coming,  next,  to  consider  the  physiological  aspects  of 
organic  nature,  we  find,  besides  the  dynamical  and  chemical  activ- 
ities manifested  in  the  mineral,  other  and  higher  ones  which  char- 
acterize the  organic  kingdom.  On  this  higher  plane  of  existence, 
are  found  portions  of  matter  which  have  become  individualized, 
exhibit  irritability,  the  power  of  growth  by  assimilation,  and  of 
reproduction,  and  moreover  establish  relations  with  the  external 
world  by  the  development  of  organs ;  all  of  which  characters  are 
foreign  to  the  mineral  kingdom.  These  new  activities  are  often 
designated  as  vital ;  but  since  this  word  is  generally  made  to 
include  at  the  same  time  other  manifestations,  which  are  simply 
dynamical  or  chemical,  I  have  elsewhere  proposed  for  the  activities 
characteristic  of  the  organism  the  term  biotics  {ptoTcx6<:,  pertain- 
ing to  life).  The  physiology  of  matter  in  the  abstract  is  dynami- 
cal, that  of  mineral  species  is  both  dynamical  and  chemical,  while 
that  of  organized  forms  is  at  once  dynamical,  chemical,  and  bioti- 
cal.  The  study  of  the  biotical  activities  of  matter  leads  to  organo- 
geny and  morphology,  while  the  relations  of  organisms  to  one  an- 
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other,  and  to  the  inorganic  kingdom,  give  ns  physiological  botan}' 
and  zoology.  We  thus  arrive  at  a  comprehensive  and  simple 
scheme  of  the  natural  sciences,  which  I  have  endeavored  to  set  forth 
in  the  subjoined  table. 
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The  evidence  fob  evolution  in  the  histobt  of  the  eztihct 
Mammalia.    By  £.  D.  Cope,  of  Philadelphia,  Pa. 

The  subject  to  which  I  wish  to  call  your  atteution  this  morning 
requires  neither  preface  nor  apology,  as  it  is  one  with  the  discus- 
sion of  which  you  are  perfectly  familiar.  My  object  in  bringing  it 
before  the  general  session  of  the  association  is  in  view  of  the 
fact  that  you  are  all  familiar  with  it  in  a  general  way,  and  that 
it  probably  interests  the  members  of  sections  who  do  not  par- 
sue  tiie  special  branch  to  which  it  refers,  as  well  as  those  who 
do:  also  since  it  has  been  brought  before  us  in  various  public 
addresses  for  many  years,  during  the  meetings  of  this  association, 
I  thought  it  might  be  well  to  be  introduced  at  this  meeting,  in 
order  that  we  might  not  omit  to  have  all  the  sides  of  this  interest- 
ing question  presented. 

The  interests  which  are  involved  in  it  are  large :  they  are  chiefly, 
however,  of  a  mental  and  metaphj'sical  character ;  they  do  not  refer 
so  much  to  industrial  and  practical  interests,  nor  do  they  involve 
questions  of  applied  science.  They  involve,  however,  questions 
of  opinion,  questions  of  belief,  questions  which  aflTect  human  hap- 
piness, I  venture  to  say,  even  more  than  questions  of  applied 
science  ;  certainly,  which  affect  the  happiness  of  the  higher  grades 
of  men  and  women  more  than  food  or  clothing,  because  they  relate 
to  the  states  of  our  mind,  explaining  as  they  do  the  reasons  of  our 
relations  to  our  fellow-beings,  and  to  all  other  things  by  which  we 
are  surrounded,  and  the  general  system  of  the  forces  by  which  we 
are  controlled.  So  it  has  always  appeared  to  me  :  hence  I  have 
selected  the  department  of  biology,  and  have  taken  a  great  interest 
in  this  aspect  of  it. 

The  doctrine  of  evolution,  as  taught  by  the  biologists  of  to-day, 
has  several  stages  or  parts  of  its  presentation.  First,  the 
foundation  principle  is  this :  that  the  species  of  animals  and  of 
plants,  the  species  of  organic  beings,  as  well  as  the  various  natural 
divisions  into  which  these  organic  beings  fall,  have  not  always 
been  as  we  see  them  to-day,  but  they  have  been  produced  b}'  a 
process  of  change  which  has  progressed  from  age  to  age  through 
the  influence  of  natural  laws ;  that,  therefore,  the  species  which 
now  exist  are  the  descendants  of  other  species  which  have  existed 
heretofore,  by  the  ordinary  processes  of  reproduction ;  and  that  all 
the  various  structures  of  organic  beings,  which  make  them  what 
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they  are,  and  which  compel  them  to  act  as  they  now  act,  are  the 
result  of  gradual  or  sudden  modifications  and  changes  during  the 
periods  of  geologic  time.  That  is  the  first  phase  or  aspect  which 
meets  the  naturalist  or  bioloofist. 

Anotlier  phase  of  the  question  relates  to  the  origin  of  that  life 
itself  which  is  supposed  to  inhabit  or  possess  organic  beings.  There 
is  an  hypotliesis  of  evolution  which  derives  this  life  from  no-life, 
which  derives  vitality  from  non-vitality.  That  is  another  branch 
of  the  subject,  to  which  I  cannot  devote  much  attention  to-day. 

There  is  still  another  department  of  the  subject,  wliich  relates  to 
the  origin  of  mind,  and  which  derives  tlie  mental  organization  of 
the  higher  animals,  especially  of  man,  from  preexistent  types  of 
mental  organization.  This  gives  us  a  genealogy  of  mind,  a  his- 
tory of  the  production  or  creation  of  mind,  as  it  is  now  presented 
in  its  more  complex  aspects  as  a  function  of  the  human  brain. 
This  aspect  of  the  subject  is,  of  course,  interesting ;  and  upon  that 
I  can  touch  with  more  confidence  than  upon  the  question  of  the 
origin  of  life.  ' 

Coming  now  to  the  question  of  the  origin  of  structures,  we  have 
by  this  time  accumulated  a  vast  number  of  facts  which  have  been 
collated  by  laborious  and  faithful  workers,  in  many  countries  and 
during  many  years ;  so  that  we  can  speak  with  a  good  deal  of  con- 
fidence on  this  subject  also.  As  to  llie  phenomena  which  meet  the 
student  of  zoology  and  botany  at  every  turn,  I  would  merely 
repeat,  what  every  one  knows, —  and  I  beg  pardon  of  m}'  biological 
friends  for  telling  them  a  few  well-known  truths,  for  there  ma^-  be 
those  present  who  are  not  in  the  biological  section, —  the  phenom- 
ena which  meet  the  student  of  biology  come  under  two  leading  class- 
es. The  first  is  the  remarkable  fidelity  of  species  in  reproducing 
their  like.  ''Like  produces  like,'*  is  the  old  theorem,  and  is  true  in 
a  great  many  cases ;  just  as  coins  are  struck  from  the  die,  just  as 
castings  are  turned  out  from  a  common  mould.  It  is  one  of  the 
most  wonderful  phenomena  of  nature,  that  such  complex  organ- 
isms, consisting  of  so  many  parts,  should  be  repeated  from  age  to 
age,  and  from  generation  to  generation,  with  such  surprising  fidel- 
ity and  precision.  This  fact  is  the  first  that  strikes  the  student  of 
these  sciences.  The  first  impression  of  the  ordinary  person 
would  be,  that  these  things  must  continue  unchanged.  When  I  be- 
gan to  study  zoology  and  botany,  I  was  surprised  to  find  there  was 
a  science  of  which  I  had  no  conception,  and  that  was  this  remarkable 
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reproduction  of  types  one  after  another  in  continued  succession. 
After  a  man  has  had  this  idea  thoroughly  assimilated  by  his  honest 
and  conscientious  studies,  he  will  be  again  struck  with  another 
class  of  facts.  He  will  find,  not  unfrequentl}',  that  this  doctrine 
does  not  apply.  He  will  find  a  series  of  facts  which  show  that 
many  individuals  fail  to  coincide  with  their  fellows  precisely',  the 
most  remarkable  variations  and  the  most  remarkable  half-way  atti- 
tudes and  double-sided  aspects  occurring ;  and  he  will  come  to  the 
conclusion,  sooner  or  later,  that  like  does  not  produce  like  in  some 
animals  with  the  same  precision  and  fidelity  with  which  it  is  accom- 
plished in  other  animals.  So  that  we  have  these  two  classes  of 
facts, — the  one  relating  to,  and  expressing,  the  law  of  heredit}*; 
the  other,  which  expresses  the  law  of  variation.  I  should  not  like 
to  say  which  class  of  facts  is  the  most  numerously  i)reaented  to 
the  student.  In  the  present  fauna  we  find  many  groups  of  species 
and  varieties  ;  but  exactly  how  many  species  we  have,  how  many 
genera  and  families  we  have,  we  cannot  definitely  state.  The  more 
precise  and  exact  a  person  is  in  his  definition  and  in  his  analysis, 
the  more  definite  his  science  becomes,  and  the  more  precise  and 
scientific  his  work.  Biology  is  a  science  of  analysis  of  forms. 
What  the  scales  are  to  the  chemist  and  the  physicist,  the  rule 
and  measure  are  to  the  biologist.  It  is  a  question  of  dimension, 
a  question  of  length  and  breadth  and  thickness,  a  question  of 
curves,  a  question  of  crooked  shapes  or  simple  shapes, — rarely 
simple  shapes,  mostly  crooked,  generally  bilateral.  It  requires 
that  one  should  have  a  mechanical  eye,  and  should  have  also 
something  of  an  artistic  eye,  to  appreciate  these  forms,  to  measure 
them,  and  to  be  able  to  compare  and  weigh  them. 

Now,  when  we  come  to  arrange  our  shapes  and  our  measure- 
ments, we  find,  as  I  said  before,  a  certain  number  of  identities,  and 
a  certain  number  of  variations.  This  question  of  variation  is  so 
common  and  so  remarkable,  that  it  becomes  perfectly  evident  to 
the  specialist  in  each  department,  that  like  does  not  at  all  times 
produce  like.  It  is  perfectly  clear,  and  I  will  venture  the  asser- 
tion  that  nearly  all  the  biologists  in  this  room  wHl  bear  me  witness, 
that  variability  is  practically  unlimited  in  its  range,  and  multiplied 
in  the  number  of  its  examples.  That  is  to  say  ;  species  vary  by 
adding  or  by  failing  to  retain  certain  characteristics ;  and  generic 
and  other  characters  are  found  to  appear  or  disappear  in  accordance 
with  some  law  to  be  discussed  farther  on. 
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I  believe  that  this  is  tlie  simplest  mode  of  stating  'and  explain- 
ing the  law  of  variation  :  tiiatsome  forms  acquire  something  which 
their  parents  did  not  possess  ;  and  that  those  which  acquire  some- 
thing additional  have  to  pass  through  more  numerous  stages  than 
their  ancestors ;  and  those  which  lose  something  pass  through 
fewer  stages  than  their  ancestors ;  and  these  processes  are  ex- 
pressed by  the  terms  ''acceleration"  and  "retardation." 

Of  course  we  are  met  with  the  opposite  side  of  the  case, — the 
law  of  heredity.  We  are  told  that  the  facts  there  are  not  accounted 
for  by  any  law  of  evolution  ;  that  we  cannot  pass  from  one  class  of 
facts  to  the  other  class  of  facts ;  that  the  law  of  the  one  class  is 
not  that  of  the  other.  Here  is  a  question  of  rational  processes,  of 
ordinary  reason.  If  the  rules  of  chemistry  are  true  in  America,  I  im- 
agine they  are  true  in  Australia  and  Africa,  although  I  have  not 
been  there  to  see.  If  the  law  of  gravitation  is  effective  here,  I  do 
not  need  to  go  to  Australia  or  New  Zealand  to  ascertain  whether  it 
be  true  there.  So,  if  we  find  in  a  group  of  animals  a  law  sufficient  to 
account  for  their  creation,  it  is  not  necessary  to  know  that  others 
of  their  relatives  have  gone  through  a  similar  process.  I  am  will- 
ing to  allow  the  ordinary  practical  law  of  induction,  the  practical 
law  of  inference,  to  carry  me  over  these  gaps,  over  these  interrup- 
tions. And  I  state  the  case  in  this  way,  because  it  is  just  here  that 
some  people  differ  from  me,  and  it  is  just  here  that  I  say  the  simple 
question  of  rationality  comes  in.  I  cannot  believe  that  nature's 
laws  are  so  dissimilar,  so  irregular,  so  inexact,  that  those  which  we 
can  see  and  understand  in  one  place  are  not  true  in  another ;  I  also 
believe  that  the  question  of  geological  likelihood  is  similar  to  the 
question  of  geographical  likelihood.  If  a  given  process  be  true  in 
one  of  the  geological  periods,  it  is  true  in  another ;  if  it  be  true  in 
one  part  of  the  world,  it  is  true  in  another ;  because  I  find  interrup- 
tions in  the  series  here,  it  does  not  follow  that  their  need  be  inter- 
ruptions clear  through  from  age  to  age.  The  assumption  is  on  the 
side  of  the  man  who  asserts  that  transitions  have  not  taken  place 
between  forms  which  are  now  distinct. 

We  are  told  that  we  find  no  sort  of  evidence  of  that  transition 
in  past  geological  periods ;  we  are  assured  that  such  changes  have 
not  taken  place ;  we  are  even  assured  that  no  such  sign  of  such 
transition  from  one  species  to  another  has  ever  been  observed, —  a 
most  astonishing  assertion  to  make  to  a  biologist,  or  by  a  biolo- 
gist; and  such  persons  have   even  the  temerity  to  cite  special 
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cases,  as  between  the  wolf  and  tlio  dog.  Many  of  oar  domestic 
dogs  are  nothing  but  wolves,  wliich  have  been  modified  by  the 
hand  of  man  to  a  very  slight  extent  indeed.  Many  dogs,  in  fact 
nearly  all  dogs,  are  descendants  of  wild  species  of  varioas  coun- 
tries, and  are  varionsl}'  modified. 

To  take  the  question  of  the  definition  of  species.     Supposing 
we  have  several  species  well   defined,   say  four  or  five.     In  the 
process  of  investigation  we  obtain  u  larger  number  of  individuals, 
many  of  which  betray  characters  which  invalidate  the  definitions. 
It  becomes  necessary  to  unite  the  four  or  five  6|)ecies  into  one. 
And  so,  then,  because  our  system  requires  that  we  shall  have  ac- 
curate definitions  (the  whole  basis  of  the  system  is  definitions ;  j-oa 
know  the  very  comprehension  of  the  subject  requires  definitions),  we 
throw  them  all  together,  l>ecause  we  cannot  define  all  the  various 
special  forms  as  we  did  before,  until  we  have  but  one  species.     And 
the  critic  of  the  view  of  evolution  tells  us,  '^  I  told  you  so !     There  is 
but  one  species,  after  all.     There  is  no  such  thing  as  a  connection 
between  species :  you  never  will  find  it."     Now,  how  many  dis- 
coveries of  this  kind  will  be  necessary  to  convince  the  world  that 
there  are  connections  between  species  ?    How  long  are  we  to  go  on 
finding  connecting  links,  and  putting  them  together,  as  we  have  to 
do  for  the  sake  of  the  definition,  and  then  be  told  that  we  have, 
nevertheless,  no  intermediate  forms  between  species?    The  matter 
is  too  plain  for  further  comment.     We  throw  them  together,  simply 
because  our  definitions  require  it.     If  we  knew  all  the  known  indi- 
viduals which  have  lived,  we  should  have  no  species,  we  should 
have  no  genera.     That  is  all  there  is  of  it.     It  is  simply  a  ques- 
tion of  a  universal  accretion  of  material,  and  the  collection  of 
information.     I  do  not  believe  that  the  well-defined  groups  will  be 
found  to  run  together,  as  we  call  it,  in  any  one  geological  period, 
certainly  in   no  one  recent  period.     We  recognize,  however,  in 
looking  backwards  that  they  converge  to  a  wonderful  extent :  one 
group  has  diverged  at  one  period,  and  another  one  has  become  di- 
versified in  a  different  period ;  and  so  each  one  has  its  history,  some 
beginning  farther  back  than  others,  some  reaching  far  back  beyond 
the  very  beginning  of  the  time  when  fossils  could  be  preserved. 
I  call  attention  to  this  view  because  it  is  a  very  easy  matter  for  as 
to  use  words  for  the  purpose  of  confusing  the  mind  ;  for,  next  to 
the  power  of  language  to  express  clear  ideas,  is  its  power  of  ex- 
pressing no  ideas  at  all.    As  we  all  know,  we  can  8ay  many  things 
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which  we  cannot  think.    It  is  a  very  easy  thing  to  say  twice  two 
are  equal  to  six,  but  it  is  impossible  to  think  it. 

I  would  cite  what  I  mean  by  variations  of  species  in  one  of  its 
phases :  I  mention  a  genus  of  snakes,  Ophibolus,  which  is  found 
in  the  United  States.  If  we  take  the  species  of  this  snake-genus 
as  found  in  the  northern  states,  we  have  a  good  many  species  well 
defined.  If  we  go  to  the  gulf  states,  and  examine  our  material, 
we  see  we  have  certain  other  species  well  defined,  and  they  are 
very  nicely  distinguished.  If,  now,  we  go  to  the  Pacific  coast,  to 
Arizona  and  New  Mexico,  we  shall  find  another  set  of  species 
well  defined  indeed.  If  we  take  all  these  different  types  of  our 
specimens  of  different  localities  together,  our  species,  as  the  Ger- 
mans say,  all  tumble  together :  definitions  disappear,  and  we  have 
to  recognize,  out  of  the  preliminary  list  of  thirteen  or  fourteen, 
only  four  or  five.  That  is  simply  a  case  of  the  kind  of  fact  with 
which  every  biologist  is  perfectly  familiar. 

When  we  come  to  the  history  of  the  extinct  forms  of  life,  it  is 
perfectly  true  that  we  cannot  observe  the  process  of  descent 
in  actual  operation,  because,  forsooth,  fossils  are  necessarily  dead. 
We  cannot  pei-ceive  any  activities,  because  fossils  have  ceased  to 
act.  But,  if  this  doctrine  be  true,  we  should  get  the  series,  if  there 
be  such  a  thing ;  and  we  do,  as  a  matter  of  fact,  find  longer  or 
shorter  series  of  structures,  series  of  organisms  proceeding  from 
one  form  into  another  form,  which  are  exactly  as  they  ought  to  be 
if  this  process  of  development  by  descent  had  taken  place. 

I  am  careful  to  say  this ;  because  it  is  literally  true,  as  we  all 
must  admit,  that  species  must  fall  into  some  kind  of  order  or 
other.  You  could  not  collect  bottles,  you  could  not  collect  old 
shoes,  'but  you  could  make  some  kind  of  a  serial  order  of  them. 
There  are,  no  doubt,  characters  by  which  such  and  such  shoes  could 
be  distinguished  from  other  shoes,  these  bottles  from  other  bottles. 
But  if  serial  order  does  not  prove  evolution,  as  is  too  often  as- 
sumed, we  have  in  recent  forms  of  life  in  zoology  and  botany, 
irrefragable  proofs  of  the  metamorphoses,  and  transformations, 
and  changes  of  the  species,  in  accordance  with  the  doctrine  with 
which  we  commenced. 

We  now  come  to-  the  second  chapter  of  our  subject.  With  the 
assumption,  as  I  take  it  already  satisfactorily  proven,  of  si^ecies 
having  changed  into  others,  in  considering  this  matter  of  geo- 
logical succession  or  biological  succession,  I  bring  you  face  to 
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face  with  the  nature  and  mode  of  the  change ;  and  hence  we  maj 
get  a  glance  perhaps  at  its  laws. 

I  have  on  the  board  a  sketch  or  table  which  represents  tlie 
changes  which  took  place  in  certain  of  the  mammalia.  I  give  yoa 
a  summary  of  the  kind  of  thing  which  we  find  in  one  of  the  branches 
of  paleontology.  I  have  here  two  figures,  one  representing  a  res- 
toration, and  the  other  an  actual  picture,  of  two  extinct  species 
that  belong  to  the  early  eocene  periods.  One  represents  the  an- 
cestor of  the  horse  line,  Hyracotherium,  which  has  four  toes  on  his 
anterior  feet,  and  three  behind  ;  and  the  other,  a  ty(>e  of  animal, 
Phenacodus,  which  is  antecedent  to  all  the  horse  series,  the  elephant 
series,  the  hog,  the  rhinoceros,  and  all  the  other  series  of  hoofed 
animals.  It  has  five  toes  on  all  the  feet.  Each  presents  us  wilb 
the  primitive  position  in  which  their  series  first  come  to  our 
knowledge  in  the  history  of  geological  time. 

I  have  also  arranged  here  a  series  of  some  leading  forms  of  the 
three  principal  epochs  of  the  mesozoic  times,  and  six  of  the  lead- 
ing ones  of  the  tertiary  time.  I  have  added  some  dates  to  show 
you  the  time  when  the  faunae  which  are  entombed  in  those  beds 
were  discovered,  in  the  course  of  our  studies ;  and  you  will  easily 
see  how  unsafe  it  is  to  say  that  any  given  type  of  life  has  never  ex- 
isted, or  even  to  assert  that  such  and  such  a  form  is  unknown  ;  and 
it  is  still  more  unsafe,  I  think,  to  assert  that  any  given  form  of  life 
properly  defined,  or  that  a  si>ecific  intermediate  form  of  life,  will  not 
be  found.  I  think  it  is  much  safer  to  assert  that  such  and  such  in- 
termediate forms  will  be  found.  I  have  frequently  had  the  pleasure 
of  iX3alizing  anticipations  of  this  kind.  I  have  asserted  that  certain 
types  would  be  found,  and  they  have  been  found.  You  will  see 
that  I  attend  to  the  matter  of  tin>e  because  there  have  *been  a 
great  many  things  discovered  in  the  last  ten  or  fifteen  3'eai*s  in 
this  department.  With  these  forms  I  give  the  date  of  the  discovery 
of  the  fauna  in  which  they  are  embraced. 

Here  we  have  the  White-River  fauna  discovered  in  1856 ;  then  we 
skip  a  considei*ablc  perio<l  of  time,  and  the  next  one  was  in  1869, 
when  the  cretaceous  series  was  found.  Six  or  seven  cretaceous 
faunae  have  been  discovered.  Then  we  have  the  Bridgrer  fauna 
in  1870,  the  Wasatch  fauna  in  1874.  Next  we  have,  in  1877,  the 
Equus  beds  and  the  fauna  which  they  embrace,  part  of  which  was 
also  found  in  1878.  The  Permian  fauna,  which  is  one  of  the  last, 
in  1879  ;  and  the  latest,  thePuerco,  which  gives  the  oldest  and  ances- 
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tral  types  of  the  modern  forms  of  mammalia,  was  only  found  in  1881. 
When  I  first  commenced  the  study  of  this  subject,  about  18C0, 
there  were  perhaps  250  species  known.  There  are  now  somewhere 
near  2,000,  and  we  are  augmenting  them  all  the  time.  I  have 
found  many  myself:  if  they  were  distributed  through  the  da3's  of 
the  year,  I  think  in  some  years  I  should  have  had  several  every 
day.  You  see  then  that  the  accessions  to  knowledge  which  are 
constantly  being  made  make  it  unsafe  to  indulge  in  any  prophecies ; 
as  for  instance,  that,  because  such  and  such  things  have  not  been 
found,  therefore  they  cannot  be ;  for  we  find  such  and  such  things 
really  have  been  and  really  are  discovered. 

The  successive  changes  that  we  have  in  the  mammalia  have 
taken  place  in  the  limbs,  feet,  teeth,  and  brain,  and  the  vertebral 
column.  The  parts  which  present  us  with  the  greatest  numbers  of 
variations  are  those  in  which  many  parts  are  concerned,  as  in  the 
limbs  and  feet.  In  the  lower  eocene  (Puerco),  the  toes  were  5-5. 
In  the  Loup-Fork  fauna,  some  possess  toes  but  1-1.  Prior  to  this 
period  no  such  reduction  was  known,  although  iii  the  Loup- Fork 
fauna  a  very  few  species  remained  5-5.  Through  this  entire  series 
we  have  transitions  steady  and  constant,  from  5-5,  to  4-5,  to  4-4,  to 
4-3,  to  3-3,  to  2-2,  to  1-1.  In  the  Puerco  period  there  was  not  a 
single  mammal  of  any  kind  which  had  a  good  ankle-joint ;  which  had 
an  ankle-joint  constructed  as  ankle-joints  ought  to  be,  with  tongue 
and  groove.  The  model  ankle-joint  is  a  tongue-and-groove  arrange- 
ment. In  this  period  they  were  nearly  all  perfectly  flat.  As  time 
passes  on  we  get  them  more  and  more  grooved,  until  in  the  Loup- 
Fork  fauna  and  the  White-River  fauna  they  are  nearly  all  grooved. 
In  the  sole  of  the  foot,  in  the  Puerco  fauna,  they  are  all  flat ;  but  in 
the  Loup-Fork  fauna  the  sole  of  the  foot  is  in  the  air,  and  the  toes 
only  are  applied  to  the  ground,  with  the  exception  of  the  line  of 
monkeys,  in  which  the  feet  have  not  become  erect  on  the  toes,  and 
the  elephant,  in  which  the  feet  are  nearly  flat  also,  and  the  line  of 
bears,  where  they  are  also  flat.  As  regards  the  angulation  between 
the  small  bones  of  the  palm  and  of  the  sole,  there  is  not  a  single  in- 
stance in  which  those  bones  are  locked  in  the  lower  eocene,  as 
the3'  are  in  the  later  and  latest  tertiary.  So  also  with  the  articula- 
tion of  tlie  toes  with  the  foot. 

When  we  come  to  the  limbs,  the  species  of  the  Puerco  fauna 
have  short  legs.  They  have  gradually  lengthened  out,  and  in  the 
late  periods  they  are  nearly  all  relatively  long. 
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Coming  to  the  vertebrse  as  a  part  of  the  osseoas  system,  I  men- 
tion the  zjgapophyses,  or  antero-posteriorly  directed  processes,  of 
which  the  posterior  looks  down,  and  the  anterior  looks  up.  They 
move  on  each  other,  as  the  vertebral  column  bends  from  side  to 
side.  In  the  lower  forms  of  vertebrates  they  are  always  flat,  and 
in  the  hoofed  mammals  of  the  Puerco  period  they  are  ail  flat.  In  the 
Wasatch  period  we  get  a  single  group  in  which  the  articulation,  in- 
stead of  being  perfectly  flat,  becomes  rounded ;  in  the  later 
periods  we  get  them  very  much  rounded  ;  and,  finally,  in  the  latest 
forms,  we  get  the  double  curve  and  the  locking  process  in  the  ver- 
tebral column,  which,  as  in  the  limb,  secures  the  greatest  strength 
with  the  greatest  mobility. 

In  the  first  stages  of  the  growth  of  the  spinal  column,  it  is  a 
notochord,  or  a  cylinder  of  cartilage  or  softer  material.  In  later 
stages  the  l)ony  deposit  is  made  in  its  sheath  until  it  is  perfectly 
segmented.  Now,  all  the  Permian  land-animals,  reptiles,  and 
batrachians,  retain  this  notochord  with  the  elements  of  osseous 
vertebrae,  in  a  greater  or  less  degree  of  completeness.  There  are 
some  in  South  Africa,  I  believe,  in  which  the  ossification  has  come 
clear  through  the  notochord  ;  but  they  are  few.  In  this  character- 
istic the  Permian  appears  almost,  perhaps  absolutely,  peculiar  as 
regards  land-animals.  There  is  something  to  be  said  as  to  the  con- 
dition of  the  column  from  a  mechanical  standpoint,  and  it  is  this : 
that  the  chorda  exists,  with  its  osseous  elements  disposed  about 
it ;  and  in  the  batrachians  equally  related  to  salamanders  and  frogs, 
these  osseous  elements  are  arranged  in  the  sheath  or  skin  of  the 
chorda ;  and  they  are  in  the  form  of  regular  concave  segments,  very 
much  like  such  segments  as  you  can  take  from  the  skin  of  an 
orange, — but  parts  of  a  cylinder,  and  having  greater  or  less  dimen- 
sions according  to  the  group  or  species.  Now,  the  point  of  diver- 
gence of  these  segments  is  on  the  side  of  the  column.  The  contacts 
are  placed  on  the  side  of  the  column  where  the  segments  separ- 
ate,— the  upper  segments  rising  and  the  lower  segments  coming 
downwards.  To  the  upper  segments  are  attached  the  arches  and 
their  articulations,  and  the  lower  segments  are  like  the  segments 
of  a  cylinder^  If  you  take  a  fiexible  cylinder,  and  cover  it  with 
a  more  or  less  inflexible  skin  or  sheath,  and  bend  that  cylinder 
side  wise,  3'ou  of  course  will  find  that  the  wrinkles  or  fractures  of 
that  part  of  the  surface  will  take  place  along  the  line  of  the  short- 
est curve,  which  is  on  the  side ;  and,  as  a  matter  of  fact,  you  have 
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breaks  of  very  much  the  character  of  the  segments  of  the  Permian 
batrachia.  It  may  not  be  so  symmetrical  as  in  the  actual  animal, 
for  organic  growth  is  symmetrical  so  far  as  not  interfered  with; 
for,  when  we  have  two  forces,  the  one  of  hereditary  growth,  and  the 
other  of  change  or  alteration,  and  they  contend,  you  will  find  in  the 
organic  being  a  quite  S3*mmetrical  result.  That  is  the  universal 
rule.  In  the  cylinder  bending  both  ways,  of  course  the  shortest 
line  of  curve  is  right  at  the  centre  of  the  side  of  that  cjiinder,  and 
the  longest  curve  is  of  course  at  the  summit  and  base,  and  the 
shortest  curve  will  be  the  point  of  fracture.  And  that  is  exactly 
what  I  presume  has  happened  in  the  case  of  the  construction  of 
the  segments  of  the  sheath  of  the  vertebral  column,  b}'  the  lateral 
motion  of  the  animal  in  swimming,  and  which  has  been  the  actual 
cause  of  the  disposition  of  the  osseous  material  in  its  form.  I 
have  gone  beyond  the  state  of  the  discussion  in  calling  attention 
to  one  of  the  forces  which  have  probably  produced  this  kind  of 
result.  That  is  the  state  of  the  vertebral  column  of  many  of  the 
vertebrata  of  the  Permian  period. 

I  go  back  to  the  mammalia,  and  call  attention  to  the  teeth. 
The  ordinary  tooth  of  the  higher  type  of  the  mammalia,  whether 
hoofed  or  not,  with  some  exceptions,  is  complex  with  crests  or 
cusps.  In  cutting  the  complex  grinding  surfaces  we  find  they 
have  been  derived  by  the  infolding  of  extensions  of  four  original 
cusps  or  tubercles.  They  have  been  flattened,  have  been  rendered 
oblique,  have  run  together,  have  folded  up,  have  become  acute, 
have  descended  deeply  or  have  lifted  themselves,  so  that  we  have 
teeth  of  all  sorts  and  kinds,  sometimes  very  elegant,  and  often- 
times very  effective  in  mechanism.  In  many  primary  ungulates, 
the  primitive  condition  of  four  conical  tubercles  is  found.  In  pass- 
ing to  older  periods  we  find  the  mammalia  of  the  Puerco  period, 
which  never  have  more  than  three  principal  tubercles,  with  the 
exception  of  three  or  four  species.  In  the  succeeding  periods, 
however,  they  get  the  fourth  tubercle  on  the  posterior  side.  Final- 
ly, you  got  a  complicated  series  of  grinding  or  cutting  apparatus, 
as  the  case  may  be. 

Last,  but  not  least,  we  take  the  series  of  the  brain.  No  doubt 
the  generalization  is  true,  that  the  primitive  forms  of  mammalia 
had  small  brains  with  smooth  hemispheres ;  later  ones  had  larger 
brains  with  complex  hemispheres.  In  general  the  carnivora  have 
retained  a  more  simple  form  of  brain,  while  herbivoi*ous  animals 
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have  retained  a  more  complicated  type  of  brain.  The  lowest  forms 
of  mammalia  display  the  additional  peculiarity  of  having  the 
middle  brain  exposed  ;  and  the  hemispheres  or  large  lobes  of  the 
brain,  which  are  supposed  to  be  the  seat  of  the  mental  phenomena, 
are  so  reduced  in  size  at  the  back  end  that  you  see  the  middle  brain 
distinctly,  though  it  is  smaller  than  in  reptiles  and  fishes. 

It  is  beyond  the  possibility  of  controversy,  that  these  series  have 
existed,  that  the}'  have  originated  in  simplicit}',  and  have  resulted 
in  complication  ;  and  the  further  induction  must  be  drawn,  that  the 
process  of  succession  has  been  towards  greater  effectiveness  of 
mechanical  work.  There  are  also  cases  of  degradation,  as  in  the 
growing  deficiency  in  dentition  in  man.  There  is  no  doubt  that  a 
largo  number  of  people  are  now  losing  their  wisdom-teeth  in  both 
Jaws. 

We  are  now  brought  to  the  question  of  the  relations  which  mind 
bears  to  these  principles.  The  question  as  to  the  nature  of  mind 
is  not  so  complex  as  it  might  seem.  There  is  a  great  deal  of  it, 
to  be  sure  ;  but  on  examination  it  resolves  itself  into  a  few  ulti- 
mate forms.  An  analysis  reduces  it  to  a  few  principal  types  or 
departments, —  the  departments  of  the  intelligence  and  of  emo- 
tions (with  their  primary  simpler  forms,  likes  and  dislikes),  and 
the  will,  if  such  there  be.  These  three  groups,  proposed  by  Kant, 
are  well  known,  and  are  adopted  by  many  metaphysicians ;  and 
they  stand  the  scrutiny  of  modern  science  as  applied  to  both  men 
and  the  lower  animals.  But  the  question  of  the  material  of  the 
mind,  the  original  raw  stuff  out  of  which  mind  was  made,  is  one 
which  is  claiming  attention  now  iix)m  biologists,  as  it  always  has 
done  from  physiologists  proper,  and  physicians.  This  is  sensi- 
bility, mere  simple  sensibility,  unmodified  sensibility,  or  con- 
sciousness. Sensibility,  in  connection  with  memory,  is  sufi3cient 
for  the  accomplishment  of  wonderful  results.  It  is  only  necessary 
to  impress  the  sensibility  with  the  stimuli  which  this  world  affords, 
whether  fix)m  the  outside  or  the  inside,  to  have  the  record  made, 
and  to  have  the  record  kept.  Among  wonderful  things  this  is 
perhaps  the  most  wonderful :  that  a  given  form  of  matter  should 
be  able  to  retain  a  record  of  events,  a  record  which  is  madedurinsf 
a  greater  or  less  degree  of  sensibility  ;  which  is  retained  in  a  state 
of  insensibility  ;  and  is  finally  returned  to  the  sensibility  by  some 
curious  process  of  adhesion,  as  the  results  of  impresses  which 
are  found  on  the  material  tissue  concerned. 
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And  these  simple  elements  of  mind  are  found  in  animals.  No 
zoologist  who  has  perception  or  honesty,  nor  any  farmer  or  breeder, 
nor  any  person  who  has  charge  of  animals  in  any  way,  can  deny 
sensibility  to  nil  the  lower  animals  at  times.  The  great  stnmh- 
ling-block  in  the  way  of  the  thinker  in  all  Uiis  field,  is  the  great 
evanescence  of  this  sensibility  ;  the  great  ease  with  which  we  dis- 
sipate it.  The  readiness  with  which  we  can  deprive  a  fellow-bein<; 
of  his  sense  is  a  stumbling-block  in  more  ways  than  one.  While 
it  is  a  question  of  the  greatest  difficulty,  nevertheless,  like  other 
departments  of  nature,  doubtless  it  will  ultimately  be  explained 
by  the  researches  of  physiologists.  I  only  need  to  call  attention 
to  consciousness  as  an  important  factor  in  evolution. 

We  now  approach  the  question  of  the  origin  of  organic  machines 
with  fresh  resources.  Did  the  consciousness  of  the  animal  find 
his  structure  made  ready  to  hand,  or  did  he,  under  the  dire  stimuli 
of  necessity,  produce  through  ages  these  modifications  in  his  own 
structure?  We  are  tohl  by  some  of  our  friends,  that  law  implies  a 
lawgiver,  that  evolution  implies  an  evolver:  the  next  question  is, 
Where  is  the  lawgiver?  where  is  the  evolver?  where  are  thev  lo- 
cated  ?  This  question  is  best  answered,  as  it  appears  to  me,  as 
follows.  In  the  first  place,  I  ma}-  say,  it  is  distinctly  proven  in 
some  directions,  that  the  constant  applications  of  force  or  motion 
in  the  form  of  strains,  in  the  form  of  impacts  and  blows,  uix)n 
any  given  part  of  the  animal  organism,  do  not  fail  to  produce  re- 
sults in  change  of  structure.  I  believe  the  changes  in  tiie  ungu- 
lates, to  which  I  have  called  3'our  attention,  are  the  result  of  strains 
and  impacts,  precisely  as  I  have  shown  you  the  manner  of  the 
fracture  of  the  vertebral  column  of  the  primitive  vertebrates  of 
the  Permian  period.  This  would  require  long  discussion  to  render 
clear ;  nevertheless,  I  venture  to  make  the  assertion  that  this 
series  of  structures  is  the  result  of  definite  and  distinct  organic 
forces,  directed  to  special  ends.  We  have  yet  to  get  at  the  con- 
flicting forces  which  have  produced  the  results  we  see.  Me- 
chanical evolution  will  give  us  a  good  deal  to  do  for  some  time  to 
come.  Of  course,  if  motion  has  had  an  effect  in  modifying  struct- 
ure, it  behooves  us  to  investigate  those  conditions  which  give  origin 
to  motion  in  animals.  First  in  order  come  the  sensibilities  of  the 
animal*,  which  we  have  traced  to  simple  consciousness,  and  stimuli, 
upon  notice  of  which  he  immediately  l>egin8  to  move.  The  pri- 
mary stimulus  of  all  kinds  of  motion  is  necessarily  toucb.    If  a 


Bf    E.    D.    COPE.  45 

stone  falls  upon  the  tail  of  some  animal  which  has  a  tail,  he  im- 
mediately gets  out  of  that  vicinity.  If  a  jell^'-fish  with  a  stinging 
apparatus  runs  across  an  eel  which  has  no  scales,  the  eel  promptly 
moves.  External  applications  of  unpleasant  bodies  will  always 
cause  an  animal  to  change  his  location.  Then  he  is  constantly  as- 
saulted by  the  dire  enemy  of  beasts,  hunger,  an  instinct  which  is 
evidently  universal,  to  judge  from  the  actions  of  animals.  This 
seems  to  have  fashioned,  in  large  part,  all  forms  of  life,  from  the 
least  to  the  greatest,  from  the  most  unorganized  to  the  most  com- 
plex. Each  exercised  itself  for  the  purpose  of  filling  its  stomach 
with  protoplasm.  Then  come  the  stimuli  which  should  be  in- 
cluded under  the  class  of  touch,  changes  of  temperature.  No 
animals  like  to  be  cold  or  too  hot ;  and  when  the  temperature  is 
disagreeable, 4,he  tendenc}'  is  to  go  away  from  that  locality.  Among 
primar}'  instincts  must  be  included  that  of  reproduction.  After 
that  comes  the  sensation  of  resistance,  or,  carried  to  a  high  de- 
gree, of  anger :  when  an  animal's  interests  are  interfered  with,  its 
movements  restricted,  the  most  energetic  display's  are  prompted. 
So,  j'ou  see,  it  is  a  matter  of  necessity  that  mental  phenomena  lie 
at  the  back  of  evolution,  provided  alwaj's  that  the  connecting  link 
of  the  argument  —  that  motion  has  ever  affected  structure  —  be 
true.  That  is  a  point  which,  of  course,  admits  of  much  discus- 
sion. I  have  placed  m^'self  on  the  affirmative  side  of  that  ques- 
tion ;  and,  if  I  live  long  enough,  I  expect  to  see  it  absolutely 
demonstrated. 

Of  course  the  development  of  mind  becomes  possible  under  such 
circumstances.  It  is  not  like  a  man  lifting  himself  up  by  his 
boots,  which  it  would  be  were  there  no  such  thing  as  memorj'. 
But  with  that  memory  which  accumulates,  which  formulates,  first 
habits,  and  then  structures,  especially  in  the  soft,  delicate  neryous 
tissue,  the  development  of  the  function  of  the  mind,  as  well  as  the 
machinery  of  the  mind  becomes  perfectly  possible.  We  develop  our 
intellect  through  the  accumulation  of  exact  facts  ;  through  the  colla- 
tion of  pure  truth,  no  matter  whether  it  be  a  humble  kind  of 
truth, —  as  the  knowledge  of  the  changes  of  the  seasons,  which 
induces  some  animals  to  la^*^  up  the  winter's  store ;  whether  it  be 
knowledge  of  the  fact  that  the  sting  of  the  bee  is  very  unpleasant ; 
or  knowledge  of  the  fact  (of  which  the  wild  ox,  no  doubt,  is  thor- 
oughly aware)  that  the  teeth  of  the  wolf  are  not  pleasant  to  come 
in  contact  with ;  or  whether  it  be  the  complex  knowledge  of  man. 
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Wlien  the  cerebral  matter  lias  become  larger  and  more  complex,  it' 
receives  and  retains  a  much  greater  number  of  impressions,  and 
the  animal  becomes  a  more  highly  educated  being. 

As  regards  the  department  of  emotions  or  passions,  tliey  are  also 
much  stimulated  by  the  environment.  Animals  which  live  in  a 
state  of  constant  strife  naturally  have  their  antagonistic  passions 
much  developed  ;  while  amiable,  sympathetic  sentiments  are  better 
and  more  largely  produced  by  peace-loving  animals.  Thns  it  is 
that  the  various  departments  of  the  mind  have  the  beautiful  re- 
sults which  we  now  find  in  the  human  species. 

There  are  some  departments  of  the  mind  which  some  of  oar 
friends  decline  to  admit  having  had  such  an  origin.  The  moral 
faculty,  for  instance,  is  excepted  by  man}'  from  this  series.  But 
the  reasons  why  they  object  to  its  production  in  this  way  are,  to 
my  mind,  not  valid.  The  development  of  the  moral  facult}', 
which  is  essentially  the  sense  of  justice,  appears  to  them  not  to 
fall  within  the  scope  of  a  theory  of  descent  or  of  evolution.  It 
consists  of  two  parts.  First  is  the  sentiment  of  benevolence,  or 
of  sympathy  with  mankind,  which  gives  us  the  desire  to  treat  them 
as  they  should  be  treated.  It  is  not  sufficient  for  justice  that  it  is 
unmixed  mercy  or  benevolence,  which  is  sometimes  very  injurious, 
and  very  often  misplaced.  It  requires,  in  the  second  place,  the 
criticism  of  the  judgment,  of  the  mature  intellect,  of  the  rational 
facult}',  to  enable  the  possessor  to  dispose  of  his  sentiments  in  the 
proper  manner.  The  combination  of  rational  discrimination  and 
judgment,  with  benevolence,,  constitutes  the  sense  of  justice, 
which  has  been  derived,  no  doubt,  as  a  summary  of  the  develop- 
ment of  those  two  departments  of  the  mind, —  the  emotions  and 
the  intellect. 

It  is  said,  that  a  sense  of  justice  could  not  be  derived  from  the 
sense  of  no  justice  ;  that  it  could  not  have  been  derived  from  the 
state  of  things  which  we  find  in  the  animals,  because  no  animal  is 
known  to  exhibit  real  justice,  and  that  objection  is  valid  as  far 
as  it  goes.  I  suspect  that  no  animal  has  been  observed  to 
show  a  true  sense  of  justice.  That  they  show  sympathy  and 
kindness,  there  is  no  question  ;  but  when  it  comes  to  real  justice, 
they  do  not  display  it.  But  do  all  men  display  justice?  Do  all 
men  understand  justice  ?  I  am  very  sure  not.  There  are  a  good 
many  men  in  civilized  communities,  and  there  are  many  tribes, 
who  do  not  know  what  Justice  is.     It  does  not  exist  as  a  part  of 
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every  mental  constitution.  I  never  lived  among  the  Bushmen, 
and  do  not  know  exactly  what  their  mental  constitution  is  ;  but  in  a 
general  wa}'  the  justice  of  savages  is  restricted  to  the  very  smallest 
possible  circle, — that  of  their  tribe  or  of  their  own  fami^}'.  There 
is  a  class  of  people  who  do  not  understand  justice.  I  do  not 
refer  to  people  who  know  what  right  is,  and  do  not  do  it ;  but  to 
the  primitive  state  of  moral  character,  in  which,  as  in  children,  a 
sense  of  justice  is  unknown.  I  call  attention  to  the  fact,  because 
some  of  our  friends  have  been  verj'  much  afraid  that  the  demon- 
stration of  the  law  of  evolution,  physical  and  metaphysical,  would 
result  in  danger  to  society.  I  suspect  not.  The  mode  in  which 
1  understand  this  question  appears  to  me  to  be  beneficial  to  so- 
ciety, rather  than  injurious ;  and  I  therefore  take  the  liberty  of 
appending  this  part  of  the  subject  to  its  more  material  aspect. 

I  refer  to  another  topic,  that  is  to  the  nature  of  life,  and  the 
physical  basis  of  life.  The  word  ''  life"  is  so  complex  that  it  is 
necessary  to  define  it,  and  so  to  define  it  away  that  really  the 
word  '*  life"  does  not  retain  its  usual  definition.  Many  plienomena 
of  life  are  chemical,  physical,  mechanical.  We  have  to  remove 
all  these  from  consideration,  because  they  come  within  the  ordi- 
nary laws  of  mechanical  forces ;  but  we  have  a  few  things  left 
which  are  of  a  different  chayacter.  One  is  the  law  of  growth, 
which  is  displaj^ed  in  the  processes  of  embryonic  succession ;  sec- 
ondly, the  wonderful  phenomena  of  sensibility-.  Those  two  things 
we  have  not  yet  reduced  to  any  identity  with  the  ordinary  laws  of 
foi-ce,  though  we  know  of  their  dynamic  equivalency.  In  the  phe- 
nomena of  embryology  the  phenomena  of  evolution  are  repeated, 
onl}'  concentrated  in  the  early  stages  through  which  animals  have 
to  pass.  80  whatever  explains  the  general  phenomena  of  evolu- 
tion explains  the  phenomena  of  embryolog3\ 

What  is  the  nature  of  physical  sensibility?  In  this  planet,  it 
is  found  residing  only  in  one  form  of  matter,  which  has  a  slightly 
varied  chemical  constitution,  namely,  protoplasm,  so  called  from 
a  physical  standpoint.  Now,  this  world,  as  you  all  know,  has 
passed  through  many  changes  of  temperature.  Its  early  periods, 
it  is  probable,  were  so  very  hot  that  protoplasm  had  a  ver}'  poor 
chance.  Again,  can  we  assume  for  a  moment  that  this  little 
speck  in  the  great  universe  is  the  only  seat  of  life?  I  suppose 
scarcely  any  scientific  man  will  venture  do  do  so.  If,  therefore, 
life  exists  in  other  planets,  worlds  and  systems,  does  it  necessarily 
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occapy  bodies  of  protoplasm  in  those  different,  remote  spheres? 
It  would  be  a  great  assumption.  It  is  altogether  improbable.  The 
certainty  is,  that  in  those  planets  which  are  in  proximity  to  the 
sun's  heal^  there  could  be  no  protoplasm.  Protoplasm  in  the  re- 
mote planets  would  be  a  haixi  mineral,  and  near  tlie  sun  it  would 
be  dissipated  into  its  component  gases.  So  that,  if  life  be  found  in 
other  parts  of  this  universe,  it  must  reside  in  some  different  kind 
of  material.  It  is  extremely  probable  that  the  phj^sical  conditions 
that  reside  in  protoplasm  might  be  found  in  other  kinds  of  matter. 
It  is  in  its  chemical  inertness,  and  in  its  ph3'sical  constitution,  that 
its  adaptation  to  life  resides ;  and  the  physical  constitution  neces- 
sary for  the  sustenation  of  life  may  be  well  supposed  to  exist  in 
matter  in  other  parts  of  the  universe.  I  only  say  the  door  is  open 
and  not  closed :  an}'  one  who  asserts  that  life  cannot  exist  in  any 
other  material  basis  than  protoplasm  is  assuming  more  than  the 
world  of  science  will  permit  him  to  assume.  And  that  it  is  con- 
fined to  this  single  planet,  among  the  great  systems  of  the  uni- 
verse,— that  assumption  will  not  for  a  moment  be  allowed. 
Therefore  the  subject  is  one  which  allows  us  a  free  field  for  future 
investigation :  it  is  by  no  means  closed  in  the  most  important 
laws  which  it  presents  to  the  rational  thinker.  I  hope,  therefore, 
that,  if  the  evidence  in  favor  of  this  hypothesis  of  the  creation  of 
living  forms  be  regarded  as  true,  that  no  one  will  find  in  it  any 
ground  for  any  very  serious  modification  of  existing  ideas  on  the 
great  questions  of  right  and  wrong,  which  have  long  since  been 
known  by  men  as  a  result  of  experience,  and  without  any  other 
scientific  demonstration  whatsoever* 
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THE  GERMAN  SURVEY  OF  THE  NORTHERN  HEAVENS. 


The  illustrious  Argclander  was  accustomed  to  say,  in  tbe  quaint 
form  of  speech  which  he  often  employed,  "  The  attainable  is  often 
not  attained  if  the  range  of  inquiry  is  extended  too  far."  In  no 
undertaking  is  there  greater  need  of  a  judicious  application  of  this 
sound  maxim  than  in  the  systematic  determination  of  the  exact 
positions  of  all  the  stars  in  the  visible  heavens  which  fall  within 
the  reach  of  telescopes  of  moderate  power. 

The  first  subject  which  engaged  the  attention  of  the  Astronom- 
isehe  Gesellschaft,  at  its  formation  in  1865,  was  the  proposition  to 
determine  accurately  the  coordinates  of  all  the  stars  in  the  north- 
ern heavens  down  to  the  ninth  magnitude.  To  this  association  of 
astronomers  (at  first  national,  but  since  become  largely  interna- 
tional, in  its  character  and  organization)  belongs  the  credit  of 
arranging  a  scheme  of  observations  by  which,  through  the  cooper- 
ation of  astronomers  in  different  parts  of  the  world,  it  has  been 
possible  to  accomplish  the  most  important  piece  of  astronomical 
work  of  modern  times.  With  a  feasible  plan  of  operations,  under- 
taken with  entire  unity  of  purpose  on  the  part  of  the  observers  to 
whom  the  several  divisions  of  the  labor  were  assigned,  this  great 
work  is  now  approaching  completion.  While  it  is  yet  too  early  to 
speak  with  confidence  concerning  the  definite  results  which  the 
discussions  of  all  the  observations  are  expected  to  show,  we  may 
with  profit  consider  the  object  sought  in  the  undertaking,  the  gen- 
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cral  plan  of  the  work,  the  difficulties  which  have  been  encountered, 
and  the  probable  bearing  which  the  execution  of  the  present  work 
will  have  upon  the  solution  of  a  problem  concerning  which  we 
now  know  absolutely  nothing  with  certainty  ;  a  problem  of  which 
what  we  call  universal  gravitation  is  only  one  element,  if,  indeed, 
it  be  an  element ;  a  problem  which  reaches  farther  than  all  others 
into  the  mysteries  of  the  universe,  — the  motion  of  the  solar  and 
the  sidereal  systems  in  space. 

Our  first  inquiry  will  be  with  respect  to  the  condition  of  the 
question  of  stellar  positions  at  the  time  when  this  proposal  was 
made  by  the  Gesellschaft  in  1865.  All  the  observations  which  had 
been  made  up  to  this  time  possess  one  of  two  distinct  characteris- 
tics. A  portion  of  them  were  made  without  direct  reference  to  any 
assumed  svstem  of  stellar  coordinates  as  a  base,  but  by  far  the 
larger  part  are  differential  in  their  character.  This  remark  holds 
more  especially  with  reference  to  right  ascensions.  Nearly  all  of 
the  observations  of  the  brighter  stars  made  previous  to  about  1818 
were  referred  to  the  origin  from  which  stellar  coordinates  are  reck- 
oned, by  corresponding  observations  of  the  sun ;  but  since  that 
date  it  has  been  the  custom  to  select  a  sufficient  number  of  refer- 
ence stars,  S3'm metrically  distributed  both  in  right  ascension  and 
declination,  and  whose  coordinates  were  supposed  to  be  well 
known.  The  unequalled  Pulkowa  observations  for  the  epoch  1845 
form,  I  believe,  the  only  exception  to  this  statement.  From  the 
assumed  system  of  primary  stars  are  derived  the  clock  errors  and 
instrumental  constants  which  are  employed  in  the  reduction  of 
all  the  other  stars  observed.  The  positions  of  these  secondary 
stars,  therefore,  partake  of  the  errors  of  the  assumed  fundamental 
system,  in  addition  to  the  direct  errors  of  observation. 

The  following  list  comprises  the  most  important  of  the  cata- 
logues which  have  been  independently  formed;  viz.,  Bradley 
for  1755,  the  various  catalogues  of  Maskelyne  between  1766  and 
1805,  D'Agelet  for  1783,  Piazzi  for  1805,  Auwers'  Cacciatore  for 
1805,  Bessel  for  1815,  a  few  of  the  earlier  catalogues  of  Pond, 
Brinkley  for  1824,  Bessel  for  1825,  Struve  for  1824,  Bessel  for  1827, 
Argelander  for  1830,  and  Pulkowa  for  1845. 

An  analysis  of  the  important  catalogues  of  secondary  stars  pub- 
lished previous  to  1865  reveals  four  important  facts : — 

1.  That  nearly  all  of  the  observations  relate  to  bright  stars, 
at  least  to  stars  brighter  than  the  eighth  magnitude. 


ADDRESS    BY   W.   A.    ROGERS.  53 

2.  That  in  a  large  number  of  cases  the  same  star  is  found  in 
different  catalogues,  but  that  no  rule  is  discoverable  in  the  selection. 

3.  That  with  the  exception  of  the  polar  catalogues  of  Fe- 
dorenko,  Groombridge,  Schwerd,  and  Carrington,  the  double- 
star  observations  of  Struve,  and  the  zone  observations  of  Bessel 
and  Argelander,  the  observations  were  not  arranged  with  reference 
to  the  accomplishment  of  a  definite  object. 

4.  That  each  catalogue  involves  a  system  of  errors  peculiar 
to  the  observers,  to  the  character  of  the  instrument  employed,  and 
to  the  system  of  primary  stars  selected,  but  that  thus  far  there  had 
been  no  attempt  to  reduce  the  results  obtained  by  different  observ- 
ers to  a  homogeneous  system.  In  estimating  the  value  of  these 
observations  it  will  be  necessary  to  refer  to  the  researches  which 
have  been  made  subsequent  to  1865. 

The  systematic  deviations  of  different  catalogues  in  right 
ascension,  inter  se,  were  noticed  at  an  early  date  by  several  astron- 
omers ;  but  the  first  attempt  to  determine  the  law  of  these  varia- 
tions seems  to  have  been  made  by  Safford  in  a  communication  to 
the  Monthly  Notices  of  the  Royal  Astronomical  Society  in  1861 
(xxi,  245),  "  On  the  Positions  of  the  Radcliffe  catalogue."  I  quote 
the  equation  derived  by  Safford,  since  it  appears  to  be  the  first  pub- 
lished account  of  a  form  of  investigation  almost  exclusively 
followed  since  that  time  in  the  treatment  of  this  problem.  It  is 
as  follows : — 

Diff.  of   R.  A.  (Greenw.  12  Year  Cat.  —  Rad.)  =  —  .038  + 

»  h       m 

.032  sin  (a  -j-  5  32).  Extending  this  expression  to  terms  of 
I  lie  second  order,  it  may  be  put  under  the  form,  J  =:  a  constant 
-f-  (m  sin  a  -{-  n  cos  a)  -f-  {m'  sin  2a  -(-  n'  cos  2a). 

Safford  also  seems  to  have  been  the  first  to  notice  the  connection 
between  the  observed  residuals,  and  the  errors  in  position  of  the 
primary  stars  employed.  He  remarks, ''  In  investigating  the  causes 
which  give  rise  to  such  systematic  discrepancies,  I  was  struck  with 
the  fact  that  the  same  or  nearly  the  same  variations  were  apparent 
in  the  assumed  places  of  the  time  stars  for  the  years  since  1845  ;. 
that,  if  the  correct  positions  of  the  time  stars  had  been  assumed, 
the  resulting  positions  would  have  been  free  from  these  small  er- 
rors." That  the  relation  given  by  Safford  should  have  been 
observed  at  all  is  the  more  remarkable,  since  the  primary  stars 
upon  which  the  Radcliffe  positions  depend,  are  nearly  the  same  as 
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those  employed  at  Greenwich.  In  reality,  the  systematic  errors  of 
both  catalogues  have  since  been  found  to  be  considerably  greater 
than  is  here  indicated,  and  the  deviation  pointed  out  by  Safford  is 
in  the  nature  of  a  second  difference,  but  the  existence  of  periodic 
errors  in  the  Greenwich  catalogue  was  not,  however,  overlooked 
by  him.  The  speaker  has  shown  (Proc.  Amer.  Acad.,  1874,  182) 
that  the  weight  of  the  errors  of  the  provisional  catalogue  assumed 
fell  between  the  first  and  third  quadrants  in  the  Radcliffe  observa- 
tions for  1841-42,  on  account  of  the  omission  of  certain  clock  stars 
which  were  used  at  Greenwich. 

Since  the  discordances  which  exist  between  two  catalogues  ma}' 
arise  from  errors  either  in  one  or  in  both,  it  is  clearly  impossible 
either  to  determine  the  nature  of  the  errors,  or  to  assign  their  true 
cause,  until  a  fundamental  system  has  been  established  which  is 
free  both  from  accidental  and  from  periodic  errors,  —  from  acci- 
dental errors,  since  a  few  abnormal  differences  may  easily  invali- 
date the  determination  of  the  errors  which  are  really  periodic; 
from  periodic  errore,  because  a  relative  system  can  only  become  an 
absolute  one,  when  one  of  the  elements  of  which  it  is  composed 
becomes  absolute. 

We  owe  to  the  researches  of  Newcomb,  published  in  1869-70,  a 
homogeneous  system  of  stellar  coordinates  in  right  ascensiou, 
which  are  probably  as  nearly  absolute  in  their  character  as  it  is 
possible  to  obtain  from  the  data  at  present  available.  He  deter- 
mined the  absolute  right  ascensions  of  thirty-two  stars  of  the  first, 
second,  and  third  magnitudes,  and  comprised  between  the  limits 
— 30°  and  +  4^°  declination.  A  comparison  of  the  places  of 
tlicse  stars  for  a  given  epoch,  with  the  same  stars  in  any  catalogue 
for  the  same  epoch,  enables  us  to  determine  with  considerable 
precision  the  system  of  errors  inherent  in  that  catalogue.  Several 
circumstances  prevent  the  exact  determination  of  this  relation. 
Among  them  may  be  mentioned  the  fact  that  Newcomb's  sj'stem 
cannot  safely  be  extended  far  beyond  the  limits  in  declination  of 
the  stars  composing  the  system,  that  the  stars  are  not  symmetri- 
cally distributed  in  declination,  and  that  the  system  of  errors 
derived  from  bright  stars  is  probably  not  the  same  as  that  derived 
from  stars  of  less  magnitude. 

To  a  certain  extent  all  of  these  objections  have  been  met  in  the 
later  discussion  by  Auwers,  to  which  reference  will  presently  he 
made.    The  substantial  agreement  of  these  two  systems,  independ- 
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ently  determined,  furnishes  satisfactory  evidence  that  we  have  at 
last  obtained  a  foundation  system  with  which  it  is  safe  to  make 
comparisons,  from  which  we  may  draw  conclusions  with  compara- 
tive safety.  When  the  catalogues  which  were  formed  between 
1825  and  1865  are  compared  with  Newcomb's  fundamental  system, 
through  the  medium  of  these  thirty-two  stars,  the  following  facts 
are  revealed :  — 

a.  The  only  catalogues  in  which  there  is  freedom  from  both 
accidental  and  periodic  errors  are  Argelander's  Abo  catalogue  for 
1830,  and  the  Pulkowa  catalogue  for  1845.  One  is  reminded,  in  this 
connection,  of  the  remark  of  Pond,  that  ^^  we  can  hardly  obtain  a 
better  test  of  our  power  of  predicting  the  future  positions  of  stars 
than  by  trying  by  the  same  formula,  how  accurately  we  can  interpo- 
late for  the  past.  In  a  variety  of  papers  which  I  have  submitted  to 
the  Royal  Society,  I  have  endeavored  to  show,  that,  with  us,  the 
experiment  entirely  fails." 

6.  During  this  interval,  the  constant  differences  between  the  ear- 
lier catalogues  and  Newcomb's  system  vary  between  +  0.17*  for 
Pond,  1820  ;  and  — 0.19"  for  Pond,  1830  :  and  for  later  catalogues, 
between  -f  0.07"  for  Cambridge,  1860  ;  and  +  .02"  for  Greenwich, 
1860. 

c.  All  the  right  ascensions  determined  at  English  observatories, 
and  especially  those  which  depend  upon  the  positions  published 
by  the  British  Nautical  Almanac,  are  too  large  in  the  region  of 
five  hours,  and  too  small  in  the  region  of  eighteen  hours.  The 
general  tendency  of  the  constant  part  of  the  deviation  from 
Newcomb's  system  is  to  neutralize  the  periodic  errors  in  the  region 
of  five  hours,  and  to  augment  them  in  the  region  of  eighteen  hours, 
where,  in  the  case  of  a  few  catalogues,  the  error  becomes  as  great 
as  0.10% — a  quantity  which  can  be  readily  detected  from  the 
observations  of  two  or  three  evenings  with  an  indifferent  instru- 
ment, if  it  relates  to  a  single  star. 

The  right  ascensions  determined  at  French  observatories 
exhibit  systematic  errors,  which  follow  nearly  the  same  law  as 
those  which  characterize  English  observations. 

Distinctively  German  observations  are  nearly  free  from  system- 
atic errors.     As  far  as  they  exist  at  all,  their  tendency  is  to  neu- 
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tralize  the  errors  inherent  in  distinctively  English  and  French 
observations. 

d.  In  the  case  of  several  catalogues,  residual  errors  of  consider- 
able magnitude  remain  after  the  systematic  erroi-s  depending  upon 
the  right  ascensions  have  been  allowed  for.  These  errors  are 
found  to  be  functions  of  the  declination  of  the  stars  observed, 
and  without  doubt  have  some  connection  with  the  form  of  the 
pivots  of  the  instruments  with  which  the  observations  were  made. 
This  statement  holds  true,  especially  with  respect  to  the  observa- 
tions at  Paris,  Melbourne,  and  Brussels,  between  1858  and  1871 ; 
and  to  the  Washington  observations  between  1858  and  1861. 

e.  The  systematic  errors  which  exist  in  observations  previous  to 
1865  follow  the  same  law,  and  have  nearly  the  same  magnitude,  as 
the  errors  of  the  same  class  which  arc  inherent  in  the  national 
ephemerides  of  the  country  in  which  they  were  made. 

The  British  Nautical  Almanac  and  the  Connaissauce  des  Temps 
are  largely  responsible  for  the  perpetuation  of  this  class  of  errors. 
For  a  few  years  before  and  after  1860,  the  ephemerides  of  tiie 
Nautical  Almanac  were  based  upon  the  observations  of  Fond, 
which  contain  large  periodic  errors.  It  is  found  that  the  errors  of 
this  svstem  have  been  transferred  without  sensible  diminution  to 
every  catalogue  in  which  the  observations  depend  upon  Nautical 
Almanac  clock  stars.  At  English  observatories,  it  has  been  the 
custom  to  correct  the  positions  of  the  fundamental  stars  by  the 
observations  of  each  successive  year ;  but  this  has  produced  no 
sensible  effect  on  the  diminution  of  the  periodic  errors,  which  belong 
to  the  fundamental  sjj'stem.  The  periodic  errors  of  the  American 
Ephemeris  follow  nearly  the  same  law  as  the  errors  of  the  Nautical 
Almanac,  but  their  magnitude  is  somewhat  reduced.  The  error  of 
equinox  is  also  less. 

Wolfers'  Tab.  Beg,,  upon  which  the  Berliner  Jahrbuch  is  based, 
has  no  well-defined  systematic  errors ;  and  the  correction  for  equi- 
nox is  nearly  the  same  in  amount  as  in  the  Americam  Epbemeris, 
but  with  the  opposite  sign.  The  accidental  errors  seem  to  be 
rather  larger  than  in  the  system  of  the  American  Ephemeris. 

/.  A  general  estimate  may  be  formed  of  the  relative  magnitudes 
of  the  errors  of  secondary  catalogues  by  comparing  the  average 
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error  for  each  star  of  the  primary  catalogue.  The  numbers  given 
below  represent  the  average  deviation  for  each  star,  expressed  in 
hundredths  of  seconds,  after  the  various  catalogues  have  been  re- 
duced to  a  common  equinox. 


Average 
error  for 
each  star. 

Anrelandor 

1830 

1845 

1845 

18(30 

1783 

18:{3 

ia50 

1871 

1867 

184H-52 

1830 

1850 

18<i0 

1840 

1825 

1835 

1840 

1830 

1830 

1845 

1840 

1800 

1755 

1800 

1750 

1.1 

Puikowa 

1.1 

Greenwich 

3.0 

Greenwich 

3.0 

D'Affelet  (Gould) 

Cape  of  Good  Hope  (Henderson)     . 
Greenwich 

9.3 
3.3 
3.3 

Greenwich 

3.3 

Paris        

3.4 

\?a8hIngton 

Stmve     .......... 

3.5 
3.6 

Cape  of  Good  Hope ' 

UadcIilTe 

3.8 
8.1 

Greenwich 

8.1 

Bessel      ••........ 

3.3  " 

Pond 

8.7 

Gillls 

3.8 

Madras  (Taylor) 

Cape  of  Grood  Hope  (Fallows)     .    . 

Rndcliffe 

Armairh        

8.0 
3.0 
4.5 
5.0 

Piazati 

Bessel's  Bradley 

LaJande 

5.3 

7.0 

13.3 

Lacaille  •    r    .......    . 

84.9 

It  is  obvious  from  these  relations,  that  previous  to  about  1825 
the  magnitude  of  the  accidental  errors  of  observation,  combined 
with  the  errors  of  reduction,  prevents  any  definite  conclusions 
with  respect  to  the  periodic  errors  inherent  in  these  early  observa- 
tions. It  is  probable,  also,  that  early  observations  of  stars  of  the 
eighth  and  ninth  magnitudes  are  subject  to  a  class  of  errors  pecul- 
iar to  themselves,  the  nature  of  which  it  is  now  well  nigh  impossible 
to  determine. 

The  systematic  errors  in  declination  which  belong  to  the  various 
secondary  catalogues  named  are  even  more  marked  than  those  in 
right  ascension.  The  experience  of  Pond  in  1833  is  the  experience 
of  every  astronomer  who  has  attempted  to  compare  observations 
of  the  same  star  made  at  different  times,  under  different  circum- 
stances, with  different  instruments,  and  by  different  observers. 
He  says,  ''With  all  these  precautions,  we  do  not  find,  by  compar- 
ing the  p'^escnt  observations  with  those  of  Bradley  made  eighty 
years  a^o  under  the  same  roof,  and  computed  by  the  same  table  of 
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refractions,  that  we  can  obtain  by  interpolation  any  intermediate 
catalogue  ^hich  shall  agree  with  the  observations  within  the 
probable  limits  of  error." 

We  owe  to  the  investigations  of  Auwers  (Astron.  Nachr.,  nos. 
ir>32-1536),  the  first  definite  system  of  declinations  which  is 
measurably  absolute  in  its  character.  Yet  the  deviations  of  this 
system  from  that  derived  by  the  same  author,  but  from  much 
additional  data  in  Publication  xiv  of  the  Gesellschaft,  is  no  less 
than  1".2.  The  present  difference  outstanding  between  the 
Pulkowa  and  Greenwich  systems  at  10°  south  declination  is  l".?. 

Within  the  past  five  years,  the  labors  of  Auwers,  of  Saffbrd,  of 
Boss,  and  of  Newcomb,  have  resulted  in  the  establishment  of  a 
mean  system  of  declinations  from  which  accidental  errors  may  be 
considered  to  be  eliminated  in  case  of  a  large  number  of  stars ; 
but  the  different  systems  still  differ  systematically,  inter  «e,  by 
quantities  which  are  considerably  greater  than  the  probable  error 
of  any  single  position. 

When  the  discussion  of  the  question  of  a  uniform  determination 
of  all  the  stars  in  tlie  northern  heavens  to  the  ninth  magnitude  was 
taken  up  by  the  Gesellschaft  at  its  session  in  Leipsic  in  1865, 
Argelandcr,  who  was  then  president  of  the  societ}',  appears  to  have 
been  the  only  astronomer  who  had  a  clear  apprehension  of  the 
difficulties  of  the  problem.  lie  alone  had  detected  the  class  of 
errors  whose  existence  subsequent  investigations  have  definitely 
established.  He  alone  had  found  a  well-considered  plan  by  which 
these  errors  might  be  eliminated,  as  far  as  possible,  from  future 
observations. 

Argelander,  however,  always  claimed  for  Bessel  the  first  definite 
proposal  of  the  proposition  under  consideration  (see  Astron.  Ndchr,^ 
vol.  i,  2r)7).  It  was  in  pursuance  of  this  plan  that  the  zones  be- 
tween — 15°  and  -|- 15°  in  declination  were  observed.  These  zones 
were  to  form  the  groundwork  of  the  Berlin  charts  ;  and  Argelander, 
in  the  execution  of  the  Bonn  Durchmusterung  simplj'  earned  out 
the  second  part  of  Bessel's  recommendation. 

These  two  great  works  —  the  second  being  a  continuation  of  the 
first,  under  a  better  and  more  feasible  plan — are  the  only  ones  in 
existence  which  give  us  any  knowledge  of  the  general  structure  of 
the  stellar  system,  with  the  exception  of  the  observations  of  Cooper 
at  Makree  obsei-vatory,  and  the  charts  of  Chacornac. 


ADDUE8S   BT   W.    A.    ROGERS.  59 

The  observations  of  stars  to  the  ninth  magnitude,  found  in  the 
catalogues  of  Bessel,  Lalande,  and  Piazzi,  form  the  groundwork  of 
the  Berlin  charts.  The  coordinates  in  right  ascension  and  declina- 
tion of  the  stars  found  in  these  authorities  were  first  reduced  to  the 
epoch  1800 ;  the  resulting  right  ascension  being  given  to  seconds 
of  time,  and  the  declination  to  tenths  of  minutes  of  arc.  With 
these  places  as  points  of  reference,  all  other  stars  were  filled  in, 
down  to  the  ninth  magnitude,  by  observations  with  equatorial 
instruments.  The  work  was  divided  into  zones  of  one  hour  each. 
Brcmiker  undertook  five  zones ;  Argelander  and  Schmidt,  two ; 
Wolfers,  three ;  and  Harding,  two.  The  remaining  zones  were 
uudertaken  by  different  astronomers  in  widely  separated  localities. 

The  work  seems  to  have  been  performed  with  somewhat  unequal 
thoroughness,  some  zones  containing  nearly  all  the  stars  to  the 
ninth  magnitude,  while  in  others  a  large  number  of  stars  having 
this  limit  in  magnitude  are  wanting. 

The  Durchmusterung  undertaken  by  Argelander  at  Bonn  was  a 
far  more  serious  and  well-considered  undertaking.  This  unequalled 
work  consists  in  the  approximate  determination  of  the  coordinates 
of  324,198  stars  situated  between  —  2°  and -[-90''  declination.  It 
includes  stars  to  the  9.5  magnitude,  the  coordinates  being  given 
to  tenths  of  seconds  of  time,  and  the  declinations  to  tenths  of 
minutes  of  arc. 

The  first  definite  proposal  of  the  work  undertaken  by  the 
Gesellschaft,  however,  appears  to  have  been  made  by  Bruhns.  In 
the  course  of  a  report  upon  the  operations  of  the  Leipsic  observa- 
tory, be  stated,  that,  in  his  view,  the  time  had  come  for  undertak- 
ing a  uniform  system  of  determinations  of  the  places  of  stars  to 
the  ninth  magnitude  in  the  northern  hemisphere  by  means  of 
meridian  circles  but  he  proposed  at  the  same  time  that  the  position 
of  stars  fainter  than  the  ninth  magnitude  should  be  determined  by 
means  of  differential  observations  with  equatorial  instruments. 
After  explaining  certain  plans  and  arrangements  relating  particu- 
larly to  his  own  observatory,  he  introduced  the  following  resolu- 
tion :  — 

"The  Astronomische  Gesellschaft  regards  it  as  needful  that  all 
the  stars  to  the  ninth  magnitude,  occurring  in  the  Durchmusterung, 
should  be  observed  with  meridian  circles,  and  commissions  the 
c<yincil  to  arrange  for  the  execution  of  the  work." 
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This  proposal  occasioned  a  long  and  somewhat  animated  discos- 
sipn,  in  which  Argelander,  Hirsch,  Bruhns,  Forster,  Schonfeld,  and 
Struvc  took  part. 

Argelander  declared  himself  surprised  at  this  proposal,  which 
called  for  the  rapid  realization  of  a  plan  of  organization  which  he 
had  been  considering  for  years  with  the  greatest  cai*e,  the  difficul- 
ties of  which  he  had  maturely  considered,  and  the  execution  of 
which  still  demanded  the  most  careful  deliberation  and  preparation. 
One  of  the  necessary  preliminary  steps  was  a  plan  which  he  had 
already  prepared,  published  and  presented  to  the  society  in  an 
informal  way,  which  provided  for  contemporaneous  and  corre- 
sponding observations  of  the  brighter  stars.  As' president  of  the 
society,  he  felt  unequal  to  undertaking  the  charge  which  tlie 
acceptance  of  the  resolution  proposed  would  involve ;  as  this 
procedure  seemed  to  him  premature  without  previous  preparation. 
He  would  admit,  however,  that  every  call  to  action  of  this  kind 
tended  to  stimulate  enthusiasm,  and  should  therefore  be  en- 
couraged ;  but  he  felt  obliged  to  ask  the  society  not  to  require 
from  him  the  immediate  execution  of  the  plan,  but  to  intrust  the 
serious  consideration  of  it,  and  the  preparation  for  it,  to  his 
zealous  friends  in  the  council. 

Upon  the  motion  of  Struve,  the  society,  by  a  rising  vote,  ex- 
pressed its  confidence  in  the  assurance  of  the  president  that  he 
would  bring  forward  his  plan  at  the  proper  time,  as  soon  as  the 
means  for  its  execution  could  be  assured. 

At  the  meeting  held  at  Bonn  in  1867,  Argelander  again  brought 
up  the  subject  in  a  communication  which  appears  to  have  been  an 
exhaustive  discussion  of  the  whole  problem.  This  paper  is  not 
printed  in  the  proceedings  of  the  Gesellschaft ;  but  at  its  conclu- 
sion a  committee  was  appointed  to  take  definite  action  with 
respect  to  the  recommendations  which  it  contained.  The  commit- 
tee reported  at  the  same  session  ;  and  their  report,  which  is 
published  in  the  place  of  the  paper  presented  by  Argelander,  is 
probably  identical  in  substance  with  it.  The  plan  proposed  and 
adopted  was  finally  published  in  the  form  of  a  programme,  in 
which  the  details  of  the  work  are  arranged  with  considerahle 
minuteness.  As  this  programme  has  been  widely  distributed,  it 
seems  unnecessar}'^  to  give  anything  more  than  a  general  abstract 
of  it.     Since  it  differs  in  a  few  minor  points  from  the  first  report 
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of  the  committee  at  the  Bonn  meeting,  the  essential  features  of 
this  report  will  be  given  instead  of  an  abstract  of  the  programme 
itself. 

They  are  as  follows  :  — 

a.  The  limits  in  declination  of  the  proposed  series  of  observa- 
tions are  —  2°  and  -(-  80°.  The  first  limit  was  chosen  on  account 
of  the  lack  of  suitable  fundamental  stars  south  of  the  equator.  It 
is  probable,  also,  that  Argelander  had  a  suspicion  of  the  fact, 
since  proven,  that  the  uncertainty  with  respect  to  the  systematic 
errors  of  southern  stars  is,  of  necessity,  considerably  greater  than 
for  northern  stars,  and  that  on  this  account  it  would  be  better  to 
defer  this  part  of  the  work  until  further  investigations  in  this 
direction  could  be  made. 

The  limit  +  80°  was  chosen  because  the  repetition  of  Carrington's 
observations  between  81°  anil  90°  was  considered  superfluous,  and 
Hamburg  had  already  undertaken  the  extension  of  Carrington's 
observations  from  81°  to  80°. 

6.  Within  these  limits,  all  stars  in  the  Durchmusterung  to  the 
ninth  magnitude,  and,  in  addition,  all  stars  which  have  been  more 
exactly  observed  by  Lalande,  by  Bessel  at  Koenigsberg,  and  by 
Argelander  at  Bonn,  are  to  be  observed. 

c.  The  observations  are  to  be  differential.  The  clock  errors 
are  not  to  be  found  from  the  fundamental  stars  usually  chosen  for 
this  purpose,  and  the  equator  point  corrections  are  not  to  be  de- 
rived from  observations  at  upper  and  lower  culminations,  but  these 
elements  are  to  be  derived  from  a  series  of  500  or  600  stars, 
distributed  as  uniformly  as  possible  over  the  northern  heavens. 
The  exact  coordinates  of  these  are  to  be  determined  at  Pulkowa, 
thus  securing  the  unity  necessaiy  in  order  to  connect  in  one  sys- 
tem the  observations  of  different  zones. 

d.  Every  star  is  to  be  observed  twice.  If  the  two  observations 
differ  by  a  quantity  greater  than  ought  to  be  expected,  a  third 
observation  will  be  necessary. 

e.  In  order  to  facilitate  the  work,  it  will  be  desirable  to  use  only 
tliree  or  four  transit  threads,  and  only  one  or  two  microscopes. 
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In  order  to  facilitate  the  reductions  to  apparent  place,  the  working- 
list  of  stars  should  be  comprised  within  narrow  limits. 

/.  Before  the  commencement  and  after  the  close  of  each  zone, 
two  or  three  fundamental  stara  are  to  be  observed  upon  the  same 
threads  and  witli  the  same  microscopes  as  were  used  in  the  zone 
observations.  When  the  seeing  is  not  good,  and  when  for  any 
other  cause  it  seems  desirable,  one  or  more  fundamental  stai-s  may 
be  observed  in  the  course  of  the  zone.  The  number  and  selection 
of  the  stars  will  depend  upon  the  character  of  the  instrument  cm- 
ployed.  If  it  remains  steady  for  several  hours,  and  has  no  strongly 
marked  flexure  or  division  errors,  or  if  these  errors  have  been 
sharply  determined,  the  fundamental  stars  may  be  situated  ten 
degrees  or  fifteen  degrees  away  from  the  zone  limits.  However, 
there  must  remain  many  things  for  which  no  general  rule  can  be 
given,  and  which  must  be  left  to  the  judgment  of  the  observer, 
aided  by  an  accurate  knowledge  of  his  instrument. 

g.  With  a  Repsold  or  a  Martin  instrument,  one  microscope  will 
be  sufficient,  if  its  position  with  respect  to  the  whole  foar  can  be 
determined.  It  will  be  sufficient,  if  the  change  in  position  during 
the  observations  can  be  interpolated  to  0.2''. 

/i.  It  will  be  desirable  to  divide  beforehand  the  zones  into  snch 
time  intervals  that  the  observations  can  be  easily  made. 

t.  Zones  exceeding  one  and  one-half  or  at  the  most  two  hoars 
are  not  advisable,  first,  because  the  zero  points  will  be  too  far  apart, 
and  secondly,  because  a  longer  duration  will  involve  too  much 
fatigue  physically  and  mentally. 

At  the  conclusion  of  this  report,  all  the  astronomers  present 
who  were  willing  to  take  part  in  this  work  were  requested  to  com- 
municate with  the  council,  stating  the  region  of  the  heavens  which 
they  preferred  to  select  for  observation. 

At  this  meeting,  Berlin,  Bonn,  Helsingfors,  Leipsic  and  Mann- 
heim, signified  their  intention  to  share  in  the  work.  Leiden  also 
expressed  its  intention  of  taking  part  as  soon  as  the  work  already 
undertaken  should  be  completed. 

When  the  stars  to  be  observed  had  been  selected  from  the 
Durchmusterung,  it  was  found  that  the  number  would  not  vary  ranch 
from  100,000,  requiring  rather  more  than  200,000  observations. 


ADDRESS   BT   W.    A.   ROGERS.  63 

Preparations  for  the  work  of  observation  were  immediately  com- 
menced ;  and,  by  tlie  time  of  the  next  report  in  1869,  consider- 
able progress  had  been  made. 

In  the  report  for  this  year,  the  provisional  places  of  a  catalogue 
of  539  fundamental  stars  were  published.  This  catalogue  is  com- 
posed of  two  parts.  The  list  of  Hauptsterne  consisting  of  336  stars 
to  the  fourth  magnitude,  had  been  previously  observed  at  Pulkowa 
by  Wagner  with  the  large  transit  instrument,  and  by  Gylden  with 
the  Ertel  vertical  circle.  The  list  of  Zusat-sterne  consists  of  203 
stars  fainter  than  the  fourth  magnitude.  As  the  details  of  the  work 
in  the  formation  of  the  provisional  places  of  the  stars  of  this  list 
are  not  given  in  the  report,  it  is  not  quite  clear  upon  what  authority 
they  rest.  The  work  assigned  to  the  Pulkowa  observatory  by  the 
zone  commission  was  the  exact  determination  of  the  places  of  the 
stars  of  this  list.  The  observations  were  undertaken  by  Gromadski 
with  the  Repsold  meridian  circle.  In  accordance  with  the  plan 
adopted,  each  star  was  observed  eight  times, —  four  times  in  each 
{x>8ition  of  the  instrument.  The  observations  were  difTerential 
with  respect  to  the  Hauptsterne. 

The  results  were  published  by  Struve  in  1876  ;  and  the  places 
there  given  were  used  in  the  first  reduction  of  the  Harvard  College 
observations  for  1874-75,  and  perhaps  in  some  other  cases  also. 

About  this  time  a  change  seems  to  have  been  made  in  the  origi- 
nal plan  with  respect  to  the  formation  of  the  final  catalogue  of 
fundamental  stars,  of  which  I  have  been  unable  to  find  a  clear  ac- 
count. The  original  intention  was  to  make  the  positions  depend 
entirely  upon  the  observations  at  Pulkowa.  The  zone  commission 
established  by  the  Gesellschaft,  however,  committed  the  forma- 
tion of  this  catalogue  to  Auwers ;  and  it  is  to  him  that  we  owe 
the  most  complete  and  most  perfect  catalogue  of  fundamental 
stars  yet  published.  The  Pulkowa  system  for  1865  was  adopted 
as  the  basis ;  but,  in  order  to  obtain  greater  freedom  from  acci- 
dental stars,  the  final  catalogue  was  obtained  by  combining  with 
the  Pulkowa  series,  the  Greenwich  observations  from  1836  to  1876, 
the  Harvard  College  observations  for  1871-2,  the  Leipsic  obser- 
vations, in  declination  only,  between  1866  and  1870,  and  the  Lei- 
den observations  in  declination  between  1864  and  1870.  Before 
this  combination  was  made,  however,  these  observations  were  all 
reduced  to  the  Pulkowa  system. 
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The  following  observatories  have  taken  part  in  the  zone  obser- 
vations : — 


Obseryatories. 


Nikolaiew  .  •  • 
Albany  .... 
Ijeipsic  .... 
Jjeipaic  .... 
Berlin  .... 
Cambridge  (Eng.) 
Leiden   .... 


Limita  of 

zones  in 

decimation. 


—  2*  to 
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+10 
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--25 
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-  !• 

•6 

40 

•15 

•25 

-fao 


•4 
(( 
(( 
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Obflerratories. 


Lund  .... 
Bonn  .... 
Harvard  College 
Helsingfors .  . 
Christiana  .  . 
Dorpat  .  .  . 
Kasan      .    .    . 


Limits  Qt 

zones  in 

decUnatioo. 


--35*to-Hfflr 
-HO  " 
--50  ** 
4-M  " 
--«  " 
--70   " 


-hi'S   " 


--50 
-<55 

•73 
'MO 


ead( 


■  •  ••■ 

, 

•akhi 


The  zone  between  — 2®  and  +1°  ^^^  originally  undertaken  at 
Palermo,  that  between  +1**  and  4-^"  ^Lt  Neuchatel,  that  between 
-f  4"^  and  +10''  at  Mannheim,  and  that  between  +3o''  and  +40^ 
at  Chicago. 

In  the  latter  case,  the  great  fire  at  Chicago  crippled  the  resources 
of  the  observatory  to  such  an  extent,  that  Safford  was  compelled 
to  relinquish  the  work,  which  was  at  that  time  quite  far  advanced. 

The  chief  items  in  connection  with  this  work  are  found  in  tbc 
accompanying  tabular  statement. 

Attention  was  called,  at  an  early  date,  to  the  importance  of  con- 
tinuing the  survey  of  the  northern  heavens  beyond  the  southern 
limit  fixed  by  Argelander.     The  preparation  necessary  for  the    ;;;■• 

execution  of  this  work  consisted  in  the  extension  of  the  Dnrch- 

•  ••. 

musterung  to  the  tropic  of  Capricoiii.    This  was  undertaken  by    i"-- 
Schonfeld. 

In  the  report  to  the  Gesellschaft  at  the  meeting  held  at  Stock- 
holm  in  1877,  he  has  given  an  account  of  this  work,  in  which  lie  :■... 
stated  that  it  was  suHiciently  near  completion  to  invite  the  consid-  :•.'.'! 
eration  of  the  question  of  the  meridian  circle  determinations  of  •^"" 
the  places  of  stars  to  the  ninth  magnitude.  The  lack  of  southern  «.... 
fundamental  stars  whose  positions  were  well' determined  was  still  i'.][\ 
a  hinderance  to  the  immediate  commencement  of  the  work.  Rel-  j'"* 
atively  more  stars  of  this  class  are  required  than  in  the  northern 
observations,  in  order  to  eliminate  the  inequalities  due  to  refV'ac- 
tion.  Schonfeld  stated,  that,  while  the  burden  of  the  determi-  r*-- 
nation  of  the  places  of  these  southern  fundamental  stars  must  rest  ^-**« 
mainly  upon  southern  observations,  it  seemed  necessary  to  con- 
nect them  with  the  Pulkowa  system  by  a  connecting  link  (Mittel- 
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takbuyzen. 


s 


o 


June 
1611 


Ansr. 

1«78 


Jano 
IBOO 


Nov. 
1879 


1872 


Sept. 
1870 


Apr. 
1879 


Mar. 
1809 


^1 
«  8 


Whole 
No.  of  Ob- 
senratloDS 

of  sone 
stars. 


Aujc. 


Apr. 
1883 


Jnne 

187S 


Feb. 
1883 


Nov. 
1870 


Ang. 
1869 


May 

1876 


Oct. 

1882 


Jan. 

1870 


Aug. 
1880 


Feb.  ;  Sept. 
1870     1881 


Mnr. 
1870 


June 

1882 


4400 


80480 


86000 


82582 


84107 


10888 
stars  ob- 
served. 


21000+ 


83147 


41000 


8840O 


83796 


11019 


3400 
stars  ob- 
served. 


Whole 
No.  of  ob- 
servations 
of  fbuda- 
mental 
stars. 


800 


8000 


400  stars 
observed. 


8910 


8606 


74  stars 
observed. 


3600 


8400 


6300 


16800 


4  or  more 

stars  for 

each  zone. 
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glied),  through  observations  at  some  observatory  well  situated  for 
this  purpose.  At  this  meeting  Sandc  Bakhnyzen,  at  Leiden,  gave 
notice  of  intention  to  take  i)art  in  this  work.  Gylden  urged  the 
importance  of  securing  the  cooperation  of  Melbourne ;  and  Peters 
suggested  the  advantage  of  securing  Washington  as  an  additional 
"mean  term"  (V.  J.  S.,  1877,  p.  265). 

The  next  reference  to  this  work  is  contained  in  the  Vierteljalirs- 
schrift  for  1881,  xv,  p.  270.  A  list  of  three  hundred  and  throe 
southern  stars  is  here  given,  whose  exact  places  were  at  that  time 
being  determined  at  Leiden  and  at  the  Cape  of  Good  Hope. 
This  list  was  selected  b}'  Schonfeld  and  Sandc  Bakhnyzen,  in  a 
way  to  meet  the  requirements  referred  to  in  previous  discussions. 

A  final  catalogue  of  eighty -three  southern  fundamental  stars 
b}'  Auwers  appears  in  this  number  of  the  Vierteljalu'sschrift.  The 
places  depend  upon  the  same  authorities  as  for  the  northern  stars, 
with  the  addition  of  the  Cape  of  Good  Hope  catalogue  for  1860, 
Williamstown,  Melbourne  for  1870,  and  Harvard  College  (Safford) 
for  1864.  For  stars  not  observed  at  Pulkowa,  the  general  cata- 
logue of  Yarnall  (1858-61),  and  the  Washington  observations, 
with  the  new  meridian  circle  between  1872  and  1875,  were  em- 
ployed. As  in  the  case  of  the  northern  stars,  these  observations 
arc  all  reduced  to  the  Pulkowa  system  for  1865.  It  is  understood 
that  the  coordinates  of  the  list  of  three  hundred  ami  three  stars 
are  to  depend  upon  this  extension  of  the  general  system  of  Publi- 
cation xiv,  to  the  limits  required  by  the  southern  Durchmusterung 
of  Schonfeld. 

It  would  be  surprising  if  all  the  conditions  of  success  were 
fulfilled  in  the  first  execution  of  a  work  having  the  magnitude,  and 
involving  the  difilculties,  of  the  scheme  of  observations  under- 
taken under  the  auspices  of  the  Gesellschaft.  The  extent  of  the 
discordances  which  are  to  be  expected  between  the  results  ob- 
tained by  different  observers  can  only  be  ascertained  when  the 
observations  by  which  the  difi(3rent  zones  are  to  be  connected 
have  been  reduced.  Each  observer  extended  the  workin^r-list  of 
bis  own  zone  10'  north  and  south  ;  and  it  is  expected  that  a  sufifi- 
cient  number  of  observations  of  this  kind  have  been  made  to  deter- 
mine the  systematic  relations  existing  between  the  coordinates  of 
each  zone  with  those  of  its  neighbor. 

It  is  probable,   however,  that  the  experience  of  Gill  will  be 
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repeated  on  a  larger  scale.  In  1878  he  solicited  the  cooperation 
of  astronomers  in  the  determination  of  the  coordinates  of  twenty- 
eight  stars,  which  he  desired  to  employ  in  the  redaction  of  his 
helionieter  observations  of  the  planet  Mars  for  the  purix)se  of 
obtaining  the  solar  parallax.  The  resnlts  obtained  at  twelve  ob- 
servatories of  the  first  class  are  published  in  vol.  xxxix,  p.  99,  of 
the  Monthly  Notices  of  the  Ro^'al  Astronomical  Societv.  Not- 
withstanding the  fact  that  the  final  values  obtained  at  each  obser- 
vatory depend  upon  several  observations,  the  average  difference 
between  the  least  and  the  greatest  results,  obtained  bj'  different 
observers  for  each  star,  is  0.24'  in  right  ascension  and  2".S  in 
declination.  In  four  cases  the  difference  in  right  ascension  ex- 
ceeds 0.30%  and  in  four  cases  the  difference  in  declination  exceeds 
3".0. 

Even  after  the  results  are  reduced  to  a  homogeneous  system, 
the  following  outstanding  deviations  from  a  mean  system  are 
found : — 


Authority. 


KoenifCBberg 
Melliourne  . 
Pulkowa 
Loipsio  .  . 
Groonwich  . 
Berlin .    .    . 


A  « 

Ai 

Authority. 

A  a 

A  & 

I-.005 

—0.71 

Leiden      .    .    . 

9. 
—.053 

—0.19 

. 

-.0-26 

— 0.4» 

PnriB    .... 

+.a'i5 

-M».oi 

. 

-.005 

-f0  40 

Washington  .    . 
Harvard  College, 

—.120 

+0.78 

- 

-.010 

—.0:2 

-Kf.o9 

- 

-.001) 

— o.w 

Cordoba   .    .    . 

—  .0*2 

-0.t» 

■ 

\-Mi 

-H).C7 

Oxford      .    .    . 

+.016 

-H).2i 

The  observations  of  a  second  list  of  twelve  stars,  one-half  of 
the  number  being  comparatively  bright,  and  the  remaining  half 
faint,  showed  no  marked  improvement,  either  with  respect  to  the 
magnitude  of  errors  which  could  be  classed  as  accidental,  or  in 
regard  to  the  systematic  deviations  fmm  a  mean  system. 

This  discussion  revealed  one  source  of  discordance  which  will 
doubtless  affect  the  zone  observations,  viz. :  the  difference  between 
right  ascensions  determined  by  the  eye-and-ear  method,  and  those 
determined  with  the  aid  of  the  chronograph. 

Tlie  programme  of  the  Gesellschaft  makes  no  provision  for  the 
elimination  of  errors  which  depend  upon  the  magnitude  of  the 
stars  observed  ;  but  special  observations  have  been  undertaken  at 
several  observatories  for  the  purpose  of  defining  the  relation  be- 
tween the  results  for  stars  of  different  magnitudes.  At  Harvard 
College  observatory,  the  direct  effect  of  a  reduction  of  the  magni* 
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tilde  has  been  ascertained  by  reducing  the  aperture  of  the  tele- 
scope by  means  of  diaphragms.  Besides  this,  the  observations 
have  been  arranged  in  such  a  manner  that  an  error  depending  up- 
on the  magnitude  can  be  derived  from  an  investigation  of  the 
observations  upon  two  successive  niglits. 

At  Leiden,  at  Alban3%  and  perhaps  at  other  observatories,  the 
effect  of  magnitude  has  been  determined  by  observations  through 
wire  gauzCi  But  notwithstanding  all  the  precautions  which  have 
been  taken  in  the  observations,  and  which  may  be  taken  in  the 
reductions,  it  will  undoubtcdl}'  be  found  that  the  final  results  ob* 
tained  will  involve  errors  which  cannot  be  entirely  eliminated. 

In  the  experience  of  the  speaker,  two  other  sources  of  error 
have  been  detected.  It  has  been  found,  that  there  is  a  well-defined 
equation  between  the  observations,  which  is  a  function  of  the 
amount,  and  the  character  of  the  illumination  of  the  field  of  the 
telescope.  It  has  also  been  found  that  observations  made  under 
very  unfavorable  atmospheric  conditions  diflfer  systematically  from 
those  made  under  favorable  conditions.  When  the  seeing  was 
noted  as  very  bad,  it  is  found  that  the  observed  right  ascensions 
are  about  .08'  too  great,  and  that  the  observed  declinations  are 
about  0".8  too  great. 

There  are  doubtless  other  sources  of  error  which  the  discussion 
of  the  observations  will  bring  to  light.  The  eflect  of  the  discov- 
erj*  of  these  and  other  errors  will  probably  be  to  hasten  the  repe- 
tition of  the  zone  obseiTations  under  a  more  perfect  scheme, 
framed  in  such  a  manner  as  to  cover  all  the  deficiencies  which  ex- 
perience has  revealed,  or  may  j-et  reveal.  The  labor  involved  in 
this  supplemental  survey  would  not  be  very  great,  since  the  object 
sought  would  be  accomplished  by  a  special  programme  of  obser- 
vation, involving  perhaps  one-tenth  of  the  number  of  observations 
made  in  the  present  survey.  One  would  not  probably  go  far 
astray  in  naming  the  3'ear  1900  as  the  mean  epoch  of  the  new 
survey.  If  the  observations  are  again  repeated  in  1950,  suflScient 
data  will  then  have  been  accumulated  for  at  least  an  approximate 
determination  of  the  laws  of  sidereal  motion. 

What  is  the  present  state  of  our  knowledge  upon  this  subject? 
It  can  be  safely  said  that  it  is  very  limited.  First  of  all,  it  cannot 
be  aflSrmed  that  there  is  a  sidereal  system  in  the  sense  in  which  we 
speak  of  the  solar  system.  In  the  case  of  the  solar  system,  we 
bave  a  central  sun  about  which  the  planets  and  their  satellites 
revolve  in  obedience  to  laws  which  are  satisfied  by  the  hypothesis 
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of  universal  gravitation.  Do  the  same  laws  pervade  the  inter- 
stellar spaces?  Is  the  law  of  gravitation  indeed  universal?  What 
physical  connection  exists  between  the  solar  system  and  the  un- 
numbered and  innumerable  stars  which  form  the  galaxy  of  the 
heavens?  Do  these  stars  form  a  system  which  has  its  own  laws 
of  relative  rest  and  motion  ?  or  is  the  solar  system  a  part  of  the 
stupendous  whole?  Does  the  solar  system  receive  its  laws  from 
the  sidereal  system?  or  did  Newton  indeed  pierce  the  depths  of 
the  universe  in  the  discovery  of  the  law  which  gave  him  immor- 
tality? Are  we  to  take  the  alternative  stated  by  Ball,  — either 
tiiat  our  sidereal  system  is  not  an  entirely  isolated  object,  or  its 
bodies  must  be  vastly  more  numerous  or  more  massive  than  even 
our  most  liberal  interpretation  of  observations  would  seem  to  war- 
rant? Are  we  to  conclude,  for  example,  that  stars  like  1830 
Groorabridge  and  a  Centauri,  '*  after  having  travelled  from  an  in- 
finitely great  distance  on  one  side  of  the  heavens,  are  now  passing 
through  our  system  for  the  first  and  only  time,  and  that  after 
leaving  our  system  they  will  retreat  again  into  the  depths  of 
space  to  a  distance  which,  for  anything  we  can  tell,  may  be  prac- 
tically regarded  as  infinite  ?  "  Can  we  assert  with  Newcomb,  that 
in  all  probability  the  stars  do  not  form  a  stable  system  in  the  sense 
in  which  we  say  that  the  solar  system  is  stable,  that  the  stare  of  ^ 
this  system  do  not  revolve  around  definite  attractive  centres? 
Admitting  that  the  solar  system  is  moving  through  space,  can  we 
at  the  present  moment  even  determine  whether  that  motion  is  rec- 
tilinear or  curved,  to  say  nothing  of  the  laws  which  go%'ern  that 
motion  ?  How  much  of  truth  is  there  in  the  conjectures  of  Wright, 
Kant,  Lambert,  and  Mitchel,  or  even  in  the  moi'e  serious  conclu- 
sions of  Miidler,  that  Alcyone  of  the  Pleiades  is  the  central  sun 
about  which  the  solar  sj-stem  revolves  ? 

These  are  questions  which,  if  solved  at  all,  must  be  solved  by  a 
critical  study  of  observations  of  precision  accumulated  at  widely 
separated  epochs  of  time.  The  first  step  in  the  solution  has  been 
taken  in  the  systematic  survey  of  the  northern  heavens  under- 
taken by  the  Gesellschaft,  and  in  the  survey  of  the  southern 
heavens  at  Cordoba  by  Dr.  Gould.  The  year  1875  is  the  epoch 
about  which  are  grouped  the  data  which,  combined  with  similar 
data  for  an  epoch  not  earlier  than  1950,  will  go  far  towards  clear- 
ing up  the  doubts  which  now  rest  upon  the  question  of  the  direc- 
tion and  the  amount  of  the  solar  motion  in  space  ;  and  it  cannot 
be  doubted  that  our  knowledge  of  the  laws  which  connect  the  si- 
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dereal  with  the  solar  s^'stcm  will  be  largely  increased  through  this 
investigation.  The  basis  of  this  knowledge  must  be  the  observed 
proper  motions  of  a  selected  list  of  stars,  so  exactly  determined 
that  the  I'esidual  mean  error  shall  not  affect  the  results  derived  ; 
or,  failing  in  this,  of  groups  of  stars  symmetrically  distributed 
over  the  visible  heavens,  sufficient  in  number  to  affect  an  elimina- 
tion of  the  accidental  errors  of  observation,  without  disturbing 
the  equilibrium  of  the  general  system. 

For  an  investigation  of  this  kind,  a  complete  system  of  zone 
observations,  at  widely  separated  intervals,  will  afford  the  neces- 
sary data,  if  the  following  conditions  are  fulQUcd. 

First :  The  proper  motions  must  be  derived  by  a  method  which 
does  not  involve  an  exact  knowledge  of  the  constants  of  preces- 
sion. In  every  investigation  with  which  I  am  acquainted,  the  de- 
rived proper  motions  are  functions  of  this  element. 

Second:  The  general  system  of  proper  motions  derived  must 
be  free  from  s^'stematic  errors.  Errors  of  this  class  may  be  in- 
troduced either  tlirough  the  periodic  errors  inherent  in  the  system 
of  fundamental  stars  emploj^ed  in  the  reduction  of  the  zone  obser- 
vations, or  in  a  change  in  the  constants  of  precession.  It  is  in 
this  res[)ect  that  the  utmost  [>recaution  will  be  rcquii-cd.  If  from 
any  cause  errors  of  even  small  magnitude  are  introduce<l  into  the 
general  system  of  proper  motions  at  an}*  point,  the  effect  of  these 
errors  upon  the  values  of  the  coordinates  at  any  future  epoch  will 
be  directly  proportional  to  the  interval  elapsed.  We  can,  there- 
fore, compute  the  exact  aufount  of  the  accumulated  error  for  any 
given  time. 

When  this  test  is  applied  to  the  stellar  systems  independently 
determined  by  Anwers,  Safford,  Boss  and  Newcomb,  we  find  the 
following  deviations  iuter  se  at  the  end  of  a  centur3\ 


Maximum 

mean 

deriation  in  & 

cenliiiy. 

Maximnm 

pyhtemnlie 
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It  is  the  common  impression,  tliat  both  tbe  direction  and  the 
amount  of  tbe  motion  of  the  solar  system  in  space  are  now  well 
established.  The  conclusions  of  Struve  upon  this  point  are  stated 
in  such  explicit  language  that  it  is  not  surprising  that  this  impres- 
sion exists.  lie  sa^'s,  ^^  The  motion  of  the  solar  system  in  space 
is  directed  to  a  point  in  the  celestial  sphere  situate  on  the  right 
line  which  joins  the  two  stars  of  the  third  magnitude  r  and  to  Hcr- 
culis  at  a  quarter  of  the  apparent  distance  between  these  stars 
measured  from  t:  Ilerculis.  The  velocity  of  this  motion  is  sach 
that  the  sun,  with  the  whole  cortege  of  bodies  depending  on  him, 
advances  annually  in  the  direction  indicated,  through  a  si>ace  equal 
to  1.G23  radii  of  the  terrestrial  orbit  or  one  hundred  and  Ofty-foar 
millions  of  miles.*' 

It  must  be  admitted  that  there  is  a  general  agreement  in  the  as- 
siguuicnt  by  different  investigators  of  the  coordinates  of  the  solar 
apex.     This  will  he  seen  from  the  following  tabular  values: 


Authorities. 


Ilerschel,  1783  . 
Prcvoht  .  .  . 
Klugel*  1780  . 
Ileix'hel.  1805  . 
Argrelander,  1837 
Lnndatal  •  .  . 
Struve  .  .  . 
tiallowny  .  . 
Miidler    .    .    . 

Airy    .... 
Diinkin    .    .    . 


Right 
asceuttion. 


1 


«5r  00' 

230  00 

81)0  00 

245  53 

3:>9  52 

352  24 

2<;l  23 

207  04 

2(il  .SS 

1 25(5  64 

-2GI.  29 

2ni  14 

2GS  44 


Declination. 


4^ 


--49 


-  -:«    29 
--I4     26 


25*    00* 


'27 


--34 
--39 


00 

00 
96 


36 
18 
fit 


--39  29 

-  -26  44 

--:t2  55 

--25  00 


In  estimating  tbe  value  which  should  be  attached  to  these  re- 
sults, several  considerations  must  be  taken  into  account. 

((/)  All  of  the  results  except  those  of  Galloway  depend  prac- 
tically upon  the  same  authorities  at  one  epoch,  viz.,  upon  Bradley. 

(h)  The  deviations  inter  se  probably  result,  in  a  large  measure, 
from  the  systematic  errors  inherent  in  one  or  both  of  the  fumla- 
mental  systems  from  which  the  proper  motions  were  derived.  For 
example,  Lundahl  employed  Pond  as  one  of  his  authorities,  and  it 
is  in  Pond's  catalogue  that  the  most  decider)  periodic  errors  exist. 

(c)  Biot  in  1812,  Bessel  in  1818,  and  Airy  in  1859,  reached 
the  conclusion  that  the  certainty  of  the  movement  of  the  solar 
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system  towards  a  given  point  in   the  heavens  could  not  be  af- 
firmed. 

(d)  The  problem  is  indirect.  In  the  case  of  a  member  of  tiie 
solar  system,  exact  data  will  determine  the  exact  position  in 
orbit  at  a  given  time ;  but  here  we  have  neitlier  exact  data,  nor 
can  we  employ  trigonometrical  methods  in  the  solution.  We  sim- 
ply find  that  the  observed  proper  motions  are  probably  some- 
what better  reconciled  under  the  hypothesis  of  an  assumed 
position  of  the  apex  of  the  solar  motion.  The  method  of  inves- 
tigation employed  by  Saflford,  who  has  of  late  years  given  much 
attention  to  this  subject,  consists  in  assuming  a  system  of  coor- 
dinates for  the  poie  of  the  solar  motion,  from  which  is  determined 
the  direction  each  star  woulcf  liave  if  its  own  proper  motion 
were  zero.  Comparing  this  directiou  with  the  observed  direction 
as  indicated  by  the  observed  proper  motion,  equations  of  condi- 
dition  are  formed  from  which  a  correction  is  found  to  the  as- 
sumed position  of  the  apex,  by  the  method  of  least  squares. 

It  must  alwa3*s  be  kept  in  mind,  that  the  quantities  with  which 
we  must  deal  in  this  investigation  are  exceedingl}'  minute,  and 
that  the  accidental  errors  of  observation  are  at  any  time  liable  to 
lead  to  illusory  results.  The  weak  link  in  the  chain  of  Madler's 
reasoning  is  to  be  fouud  here.  I  thiuk  we  can  assume  0".2  as  the 
limit  of  precision  in  the  absolute  determination  of  the  coordinates 
of  any  star,  however  great  the  number  of  observations  upon  * 
which  it  depends.  Beyond  this  limit  it  is  impossible  to  go,  in 
the  present  date  of  instiiimental  astronomy.  It  is  safe  to  say, 
that  there  is  not  a  single  star  in  the  heavens  whose  coordinates 
are  known  with  certaintj'  within  this  limit.  Do  not  misunderstand 
me.  Doubtless  there  are  many  stars  in  which  the  error  will  at 
6ome  future  time  be  found  to  fall  within  this  limit.  But  who  is 
prepared  to  select  a  particular  star,  and  say  that  the  absolute 
position  of  this  star  in  space  cannot  be  more  than  0'^2  in  error? 

(e)  At  present  an  arbitrary  hypothesis  is  necessary  in  the  dis- 
cussion of  the  problem.  Airy  assumed  that  the  relative  distances 
of  the  stars  are  proportional  to  their  magnitudes  ;  and  he  found 
slight I3'  different  results  according  to  different  modes  of  treat- 
ment. SafiTord  in  his  investigation  made  use  of  a  device  which 
be  had  previously  employed  in  the  computation  of  the  differential 
coefficients  of  planetary  elements,  thereby  reducing  to  a  certain  ex- 
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tent  the  magnitude  of  the  residuals  between  observation  and  compo- 
tation  to  quantities  of  the  second  order.  Tlie  axis  of  Z  was  located 
in  the  direction  of  Argelander's  determination  of  the  apex  of  the 
solar  motion  or  in  right  ascension  259®  50".8  and  declination  -|-3*2° 
29M.  The  axis  of  X  was  placed  in  the  equator  in  right  ascension 
349°50'.8  and  that  of  Fin  right  ascension  79**  50'.8  and  in  declina- 
tion 57°  30'. 9.  When  the  reductions  to  these  three  axes  were  made, 
it  was  found  that  nearl}'  all  of  the  motion  was  along  the  axis  of  Z 
as  was  to  be  expected  from  the  assumption  made.  The  tendency 
to  move  in  this  direction  was  therefore  pnmarily  assumed  tore- 
present  the  solar  motion.  Since  it  was  found  that  the  avera^fao 
tor,  by  which  the  proper  motion  must  be  multiplied  in  order  to 
represent  this  tendency,  changes  only  in  a  slight  degree  with  the 
magnitude  of  the  proper  motion  itself,  the  proi>er  motion  was 
assumed,  as  a  first  approximation,  to  be  inversely  proportional  to 
this  clement. 

Later  investigations  have  been  made  by  De  Ball  (Ueber  die 
eigene  Bowegung  des  Sonnensterns,  Bonn,  1877)  but  the  details 
have  not  yet  come  to  hand.  It  is  understood,  however,  that  Lis 
results  coincide  in  a  general  way  with  those  previously  obtained. 

The  most  recent  investigation  is  by  Bolte.  His  pajwr  may  be 
considered  as  a  numerical  application  of  tlie  formulae  by  which 
Schonfcld  has  attempted  to  express  the  illation  between  the  motion 
.of  the  solar  system  and  a  systematic  rotation  of  the  fixed  stars 
which  is  assumed  to  take  place  in  a  direction  perixjudicular  to  the 
plane  of  the  Milky  Way.  The  values  of  the  precession  constants 
derived  are  certainly  interesting,  but  the}''  can  hardly  be  considered 
decisive,  especially  in  view  of  the  fact  that  the  values  derived  from 
the  observed  declinations  alone  do  not  agree  especiall}-  well  with 
the  values  derived  from  the  right  ascensions. 

It  is  clear  from  this  brief  review,  that  we  have  here  a  field  of 
investigation  worthy  of  the  highest  i>owers  of  the  astronomer. 
The  first  step  has  been  taken  in  the  survey  of  the  heavens  carried 
on  under  the  auspices  of  the  Gescllschaft.  It  remains  for  the 
astronomers  of  the  -present  generation  to  solve  the  diflSculties 
which  now  environ  the  problem,  and  to  prepare  the  way  for  a  more 
perfect  scheme  of  observation  in  the  next  century. 
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The  total  Solar  Eclipse  of  Mat  6,   1883.    By  Edwabd  S. 
HoLDBN  of  Madison,  Wisconsin. 

[a;b8tbact.] 

This  eclipse  had  the  longest  totality  of  any  which  has  been 
observed. 

An  expedition  was  sent  by  the  National  Academy  of  Sciences 
and  the  United  States  Coast  Survey  Jointly,  under  direction  of  a 
committee  from  the  former.  Expenses  were  met  by  an  appropria- 
tion of  $5,000  by  Congress  and  by  the  National  Academy"  of 
Sciences  from  a  fund  left  by  Professor  Watson.  The  navy  depart- 
ment also  placed  the  United  States  steamer  Hartford  at  the 
disposal  of  the  academy,  to  transport  the  expedition  from  Peru  to 
Caroline  Island,  where  the  eclipse  was  to  be  observed,  and  thence 
to  Honolulu. 

The  efforts  of^Mr.  Rockwell  to  provide  money  by  private  sub- 
scription for  this  undertaking,  though  directly  unsuccessful,  pre- 
pared the  way  by  drawing  public  attention. 

Professor  Young  was  the  chairman  of  the  committee  of  the 
National  Academy  of  Sciences :  it  was  at  one  time  hoped  that  he 
would  take  charge  of  the  observing  party,  but  this  proved  imprac- 
ticable. The  reports  of  different  members  of  the  party  are  to  be 
submitted  to  tlie  National  Academy  of  Sciences  in  November.  Mr. 
Hoklen  has,  however,  permission  of  the  academy  to  present  an 
account  of  the  observation  before  the  American  Association.  It 
is  understood  that  the  present  is  not  by  any  means  a  final  report. 
This  especially  applies  to  the  observations  of  Dr.  Hastings,  from 
which  that  gentleman  concludes  that  the  solar  corona  is  chiefly  a 
phenomenon  due  to  the  diffraction  of  the  solar  light  at  the  moon's 
limb.  The  computations  to  demonstrate  this  are  not  yet  at  hand, 
but  are  to  be  completed  in  a  few  weeks. 

(78) 
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The  American  party  consisted  of  Edward  S.  Holden,  director  of 
Washburn  Observatory,  Madison,  Wis. ;  Charles  S.  Hastings,  pi-o- 
fessor  of  physics  in  the  Johns  Hopkins  University,  Baltimore, 
Mdr ;  Charles  H.  Rockwell,  Tarrytown,  N.  Y.;  E.  D.  Preston,  aid 
U.  S.  Coast  and  Geodetic  Surve}',  Washington,  D.  C. ;  Winslow 
Upton,  U.  S.  Signal-office,  Washington,  D.  C. ;  and  Ensign  S.  J. 
Brown,  U.  S.  N.,  U.  S.  Naval  Observatory,  Washington,  D.  C. 

The  original  six  members  of  the  party  were  joined,  on  April  20, 
by  four  volunteer  observers,  all  officers  of  the  U.  S.  ship  Hartford : 
these  were  Lieut.  E.  F.  Qualtrougb,  U.  S.  N. ;  Passed  Assistant- 
surgeon  W.  S.  Dixon,  U.  S.  N. ;  Midshipman  W.  S.  Fletcher,  U. 
S.  N. ;  and  Midshipman  J.  G.  Doyle,  U.  S.  N. 

On  March  11  the  party  was  strengthened  by  the  joining  (at 
Colon)  of  the  two  English  gentlemen  who  were  sent  out  by  the 
Royal  Society  of  London  to  make  photographic  observations  of  the 
eclipse,  under  instructions  from  J.  Norman  Lockj-er,  Esq.,  F.  R.  S., 
and  Capt.  W.  de  W.  Abney,  R.  E.,  of  the  Science  and  Art  De- 
partment  of  the  South  Kensington  Museum.  These  were  H.  A. 
Lawrance,  London,  Eng.,  and  C.  Ray  Woods,  London,  Eng. 

During  the  stay  of  the  party  on  Caroline  Island  (April  21  to 
May  9)  ten  petty  officers  and  men  of  the  Hartford  remained,  and 
rendered  very  intelligent  assistance. 

In  all,  the  party  on  the  island  consisted  of  twenty-two  persons. 

After  giving  details  of  the  proceedings  of  the  expedition,  its 
arrival,  and  the  preparations  for  the  eclipse,  Mr.  Hplden  states,  as 
to  the  event  itself,  that  the  following  atmospheric  conditions  pre- 
vailed :  the  sky  proved  clear  at  first  contact,  cloudy  at  intervals 
till  near  totality,  clear  during  totality  except  a  slight  haze  during 
its  first  minute,  cloudy  a  few  minutes  after  third  contact,  and 
finally  clear  at  fourth  contact. 

The  meteorological  observations  were  made  by  Mr.  Upton,  and 
are  especially  noteworthy.  In  two  weeks,  April  25  to  May  9, 
twenty  showers  were  recorded  ;  but  the  rainfall  in  each  was  very 
small,  the  total  in  the  two  weeks  being  about  eight  inches.  Half 
of  this  fell  during  the  only  considerable  disturbance  of  the 
weather,  which  took  place  May  4,  when  it  rained  from  midnight 
to  9.50  A.  H. 

The  barometer  was  notably  uniform.  Its  diurnal  movements 
were  plainly  marked ;  the  maxima  being  at  9  a.  m.  and  p.  m.,  the 
minima  at  8  a.  u.  and  p.  n.    The  indications  of  the  thermometer 
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were  very  constaut.  The  daily  range  wa?  9.3®,  the  highest  reading 
was  89.3**,  the  lowest  72.4°,  the  daii}''  maximnm  at  noon,  the  mini- 
mum at  6  A.  M.  The  relative  humidity  ranged  from  70  per  cent 
at  midday  to  84  in  early  morning,  and  at  no  time  fell  below  61. 
The  Island  lies  in  the  region  of  the  south-east  trades,  but  the  wind 
(which  was  very  steady)  blew  constantly  between  north  and  east. 
The  average  velocity  of  the  wind  was  6.05  miles ;  the  largest 
during  twenty-four  hours  was  212  miles,  the  least  59  miles; 
the  highest  velocity,  registered  in  a  squall,  was  16  miles  per  hour. 

The  botanical  and  zoological  observations  are  not  yet  ready  for 
publication.  During  the  voyage  a  series  of  observations  was  made 
by  Mr.  Upton  on  southern  variable  stars.  Dr.  Hastings  and  Mr. 
Holden,  while  on  the  island,  discovered  twenty-three  new  double 
stars,  a  list  of  which  has  appeared  in  Science.  • 

In  preparing  for  the  eclipse,  Mr.  Ilolden  assigned  to  each  ob- 
server a  single  dut}',  not  requiring  him  to  move  from  one  instru- 
ment to  another.  The  entire  field  of  photography  was  left  to  the 
English  party  accompanying  our  own,  and  to  the  French  party 
under  M.  Janssen,  who  were  very  successful  in  photographing  the 
corona. 

The  combination  of  polariscope  and  telescope  was  used,  but  not 
with  successful  results,  the  apparatus  proving  unsuitable.  Dr.  W. 
S.  Dixon,  who  attended  to  a  telescopic  examination  of  the  details 
of  the  inner  corona,  will  report  on  the  same  separately,  giving  a 
drawing  of  the  corona.  With  the  spectroscope,  the  chief  point  of 
the  observation  of  Dr.  Hastings  was  as  to  the  relative  lengths  of 
the  line  1474  east  and  west  of  the  sun.  At  second  contact,  this 
line  was  12'  in  length  east  and  8'  west.  The  length  of  1474  east 
diminished,  while  1474  west  increased.  At  mid-totality  these 
were  equal.  Before  tlie  thiixl  contact,  the  appearances  were 
reversed  :  1474  west  was  longer  and  brighter  than  1474  east. 

At  the  beginning  of  totality,  the  lines  C,  Z>,,  F,  and  (near  G) 
were  seen  brilliant  but  very  short.  At  mid-eclipse  the  spectrum 
was  deliberately  examined.  On  a  continuous  spectrum,  two  lines 
only  were  seen:  1474  bright,  and  the  D  line  dark,  C,  E,  b,  F, 
were  certainly  wanting.  Near  the  end  of  totality,  C,  Z),,  and  F 
appeared  again,  very  short.  Mr.  Upton  reports  that  five  seconds 
after  second  contact,  four  curved  lines  were  seen, —  C,  D,,  1474,  F, 
A  light  cloud  passed  over  the  sun ;  and  on  its  disappearance  the 
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spectrum  showed  a  small  line,  of  about  one-third  the  height  of  the 
others,  between  1474  and  F.  One  hundred  seconds  after  second 
contact,  three  coronal  rings  took  the  place  of  the  lines ;  they  were 
red,  yellowish-green,  and  green,  and  are  supposed  to  be  C,  Z),,  and 
1474.  Two  hundred  seconds  after  second  contact,  the  red  ring 
was  decidedly  the  brightest,  and  it  continued  to  increase  in  bright- 
ness during  sixtj'  seconds.  Two  hundred  and  ninctj*  seconds  after 
second  contact,  the  four  curved  lines,  C,  D,,  1474,  F,  api>eared. 
The  reversal  of  the  bright  lines  at  third  contact  was  observed. 
The  change  was  instantaneous,  or  nearly  so.  The  reversal  of  the 
Fraunhofcr  lines  was  not  seen.  The  only  bright  line  seen  for  the 
first  190  seconds  was  1474.  A  dark  line  was  seen,  which  was 
probably  D, 

Mr.  Rockwell,  using  a  Rutherford  grating  and  a  narrow  slit 
tangential  to  the  limb,  reported  that  1474  K  was  not  seen  until  a 
minute  and  a  half  had  passed.  It  was  followed  4'  or  5'  west  of 
the  limb,  twice  ;  and  it  was  seen  only  on  the  western  side  of  the 
moon.  Two  green  lines  were  also  seen,  each  brighter  and  broader 
than  1474,  but  much  shorter. 

Due  credit  is  given  by  Mr.  Ilolden  to  each  of  the  observers  of 
the  party.  His  own  observations  were  confined  to  a  search  for  the 
planet  Vulcan,  reported  to  exist  by  Professors  Watson  and  Swift. 
Mr.  Ilolden's  search  continued  during  the  whole  of  totality  (five 
minutes  and  twenty-five  seconds),  with  a  six-inch  telescoi)e  with  a 
power  of  44  and  field  of  bT  in  declination.  He  saw  eveiy  star  on 
the  map  which  he  had  previously  published  in  Science  (Feb,  23, 
1883),  down  to  the  sixth  magnitude,  inclusive,  except  the  three 
sixth  magnitude  stars  nearest  to  the  sun  ;  and  he  saw  only  these 
stars.  One  of  the  stars  of  the  map  was  of  the  same  magnitude 
as  Watson's  **  Vulcan."  This  was  a  conspicuous  object.  No  star 
half  so  bright  as  this  could  possibly  have  escaped  observation. 
Mr.  Ilolden  is  therefore  confident  that  Vulcan  does  not  exist 
within  the  limits  swept  over.  Mr.  Ilolden  also  determined  the 
direction  of  the  motion  of  the  diffraction  bands  before  and  after 
totality.  This  was  an  observation  which  he  could  not  make  suc- 
cessfully in  Colorado  in  1878,  and  which  he  believes  has  not  been 
before  made 
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Internal  Contacts  in  Transits  of  the  Inferior  Planets.    By 

•  _ , 

J.  R.  Eastman  of  Washington,  D.C. 

[AB6TBACT.] 

From  the  general  discnsslon  which  followed  the  announcement 
of  the  results  from  the  modern  reexamination  of  the  observations 
of  1761  and  1769  and  of  the  methods  emploj^ed  in  obtaining  them, 
it  became  unpleasantl}'  certain  that  the  numerical  value  of  the 
solar  parallax  depended  chiefly  upon  the  computer's  interpretation 
of  the  observer's  record. 

From  the  earliest  observations  most  of  the  observers  had  been 
more  or  less  baffled  by  a  phenomenon  generally  known  as  tlie 
'•  black  drop"  or  *'  dark  ligament"  which,  at  or  about  the  expected 
limes  of  internal  contact,  had  appeared  between  the  limbs  of  the 
Sun  and  Venus,  and  rendered  the  recorded  times  of  the  contacts 
uncertain  to  the  extent  of  fifteen  or  twenty  seconds. 

As  the  "  black  drop"  was  generally  seen  by  those  who  observed 
the  transits  of  the  eighteenth  century,  the  interpretation  of  the 
recorded  observations  was  the  principal  problem  which  challenged 
the  skill  of  those  astronomers  who  attempted  a  new  discussion  of 
tlie  observations  of  1769. 

Powalky  seems  to  have  adopted  no  rule  for  explaining  the 
meaning  of  the  records,  rejecting  such  as  he  deemed  discordant, 
arid  in  1864  he  deduced  a  new  value  of  -  =  8".832. 

Stone,  after  a  careful  study  of  all  the  records,  adopted  a  rigid 
rule  for  interpreting  the  records  in  all  cases  where  the  '*  black 
drop"  was  seen  and  from  his  discussion  obtained  the  value  8". 9 1 . 

He  concluded  that  the  *'  black  drop"  or  some  modification  of 
it  was  a  necessaiy  phenomenon  whenever  a  black  disk  like  Venus 
or  Mercury'  was  seen  against  the  bright  surface  of  the  Sun. 

In  1868,  Mr.  Stone  said  :  *  "  The  apparent  diameter  of  the  Sun 
is  increased,  and  the  apparent  diameter  of  Venus,  while  on  the 
Sun's  disk,  is  decreased  from  the  same  causes  which  produce  the 
spurious  disk  of  a  star  in  the  focus  of  a  lens.  When  the  true 
limb  of  Venus  falls  in  a  line  with  the  true  limb  of  the  Sun,  the 
light  is  cut  off;  the  spurious  enlargement  of  the  Sun's  disk  and 
encroachment  on  that  of  Venus  is  destroyed  at  the  point  of  con- 
tact, and,  as  a  consequence,  a  dark  ligament  appears  to  connect 

^Monthly  Notices  B.  A.  S.,  vol.  XXIX,  p.  47. 
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the  apparent  limbs  of  the  Sun  and  Venus.  This  is  the  real  internal 
contact.  The  breadth  of  the  connecting  ligament  rapidly  in- 
creases, and,  after  some  eighteen  seconds,  tlie  exact  interval 
depending  upon  the  circumstances  of  the  transit  and  the  success 
in  first  catching  phase  (1),  the  limbs  of  Venus  and  tlie  Sun  will 
appear  in  contact.  This  is  the  second  phase  for  accurate  obser- 
vation, the  apparent  internal  contact." 

This  quotation  from  Mr.  Stone  expresses  very  fairly  the  opinion 
of  those  who  believe  that  the  **  black  drop"  is,  from  the  nature  of 
the  circumstances,  a  natural  and  necessary  phenomenon. 

In  1876,  M.  ANDRfe,^  the  astronomer  who  had  charge  of  the 
French  expedition  to  Noumea,  in  1874,  to  observe  the  transit  of 
Venus,  announced  as  the  result  of  analytical  investigation  and  of 
a  long  scries  of  experiments  made  by  himself,  that : 

**  The  bridge,  black  ligament,  or  black  drop  as  it  is  varionslj 
called,  is  a  necessary  phenomenon  under  certain  circumstances, 
and  not  merely  accidental.  With  an  unchanging  source  of  light 
of  sudicient  brilliancy  the  angular  dimensions  of  tlie  ligament  are 
inversely  proportional  to  the  diameter  of  the  object-glass,  and 
with  an  aperture  of  five  inches  the  drop  is  scarcely  perceptible. 
Diaphragms  should  never  be  used  when  observing  Venus  in  transit, 
as  the  apparent  dimensions  of  the  drop  are  augmented  by  any  in- 
crease in  focal  length. 

"  It  is  always  possible  to  get  rid  of  the  ligament  and  reduce  the 
phenomena  to  *'  geometrical  contacts,  either 

(a)  by  reducing  sufficiently  the  intensity  of  the  source  of  light, 
or  augmenting  the  absorbing  power  of  the  dark  glass  emplo\'e(i: 
or,  again 

(6)  b}'^  covering  the  object-glass  with  a  network  diaphragm  com- 
posed of  rings  alternately  full  and  empt}'',  and  all  very  thin,  bnt 
bearing  a  certain  proportion  to  the  focal  length  of  the  lens." 

These  results  and  opinions  of  M.  Andr£  were  not  generally 
known  at  the  time  of  the  transit  of  Mercury  in  1878,  though  Ax- 
Dujfc  travelled  from  Paris  to  Ogden  in  Utah  to  test  his  results,  from 
analysis  and  experiment,  by  actual  observation.  His  theories 
were  confirmed  by  his  observations  in  1878,  and  in  1881  be  pub- 
lished his  results  more  fully  together  with  the  details  of  bis  ex- 
periments. 

In  1878  the  necessity  of  the**black  drop"  phenomena  was gener- 

*  Monthly  Notices  B.  A.  S.,  vol.  XXXVII,  p.  68. 
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ally  recognized,  and  it  was  seen  by  many  observers  of  the  transit  of 
Mercury.  Some  who  saw  it  evidently  regarded  their  success  in  find- 
ing it,  an  evidence  of  the  good  quality  of  their  observations.  In 
a  few  cases  observers  apologized  for  failing  to  see  the  black  drop. 

One  fact,  however,  was  worthy  of  notice,  that  every  observer,  so 
far  as  I  could  ascertain,  who  was  accustomed  to  observe  the  limbs 
of  the  Sun  for  position ;  or,  in  other  words,  to  get  by  means  of 
shade  glasses  the  best  definition  of  the  Sun's  limbs  with  an  illu- 
mination somewhat  Zesa  than  the  ej^e  could  easily  bear, — didnots^e 
any  trace  of  the  black  drop. 

Although  I  had  then  seen  no  account  of  Andre's  experiments 
and  had  given  but  little  attention  to  his  deductions  as  announced 
in  the  Royal  Astronomical  Society  by  Father  Perry,  I  was  con- 
vinced after  my  observation  of  the  transit  of  Mercury  in  '78,  that 
the  theory  of  a  necessary  '^  black  drop"  was  fallacious.  As  I  had 
been  able  to  make  only  one  experiment,  the  data  to  sustain  my 
belief,  from  my  own  observations,  were  very  meagre  and  I  waited 
four  years  for  another  opportunity.  Many  other  observers  in  1878 
failed  to  see  the  obstructing  phenomenon,  but  out  of  the  various 
descriptions  of  the  contact  observations  I  did  not  find  the  exact 
data  which  I  desired  as  proof. 

Tlie  experience  gained  in  the  observations  of  May  6,  1878,  and 
from  the  subsequent  discussions  of  the  results,  were  probably  not 
without  their  effect  in  the  observations  of  the  transit  of  Venus  in 
Dec,  1882,  for  I  have  yet  to  learn  of  any  observer  in  the  eight 
American  parties  organized  by  the  Transit-of- Venus  Commission 
who  saw  any  trace  of  the  ''  black  drop ;"  while  in  1874  many  of 
them  report  such  phenomena. 

Last  December,  at  the  Transit-of- Venus  station  at  Cedar  Keys, 
Florida,  the  observation  of  first  contact  was  prevented  by  a  cloud 
which  covered  only  a  small  portion  of  the  Sun's  disk.  This  cloud 
soon  disappeared  and  the  illumination  was  reduced,  with  the  slid- 
ing shade-glass,  until  the  brightness  was  considerably  less  than 
could  be  easily  borne  by  the  eye,  while  the  definition  of  the  Sun's 
limb  was  perfect.  The  Sun  was  surrounded  by  haze,  and  thin 
cirri  which  increased  the  steadiness  and  definition  of  the  limb  and 
permitted  the  use  of  a  less  dense  shade-glass. 

The  definition  and  steadiness  of  Venus  were  all  that  could  be 
desired,  and  there  was  no  modification,  at  the  limbs,  of  the  dense 
black  color  of  the  disk. 
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The  objective  of  the  telescope  was  five  inches  in  diameter,  and 
the  whole  aperture  was  used.  The  eye-piece  magnified  216  di- 
ameters, and  was  used  in  connection  with  a  Ilerschel  solar  prism. 
The  shade-glass  was  a  we<lge  of  neutral  tint  mounted  against  a 
similar  wedge  of  plain  glass  in  a  thin  brass  frame,  the  whole 
sliding  freely  in  a  slotted  cap  for  the  eye-piece. 

M}'  attention  was  of  course  directed, ^r«f,  to  fixing  the  exact  . 
time  of  contact ;  second^  to  looking  for  the  black  drop  and  its  mod- 
ifications, or  for  any  change  in  the  tint  of  the  Sun's  limb  at  the 
point  of  contact. 

The  entire  disk  of  Venus  was  visible  for  several  minutes  before 
second  contact,  and  the  portion  beyond  the  Sun's  disk  was  bor- 
dered by  a  narrow  line  of  light  much  less  bright  than  the  limb  of 
the  Sun,  and  of  a  lighter  tint. 

The  progress  of  the  transit  was  strikingly  barren  of  notable 
events.  About  one  minute  before  the  contact,  the  apparent  mo- 
tion of  the  cusps  of  the  Sun  as  they  closed  around  the  planet  was 
noticeably  increasing,  though  the  movement  was  the  perfection  o( 
steadiness. 

I  had  not  long  to  wait,  for  the  casps  rapidly  swept  around  the 
body  of  the  planet  in  a  perfectly  steady  line  of  sunlight  of  the  same 
tint  as  the  adjacent  parts  of  the  Sun.  This  line  was  as  naiTOw  as 
I  could  see  with  a  power  of  216,  and  was  free  fix)m  any  tremors  or 
pulsations. 

There  was  not  the  slightest  agitation  of  the  limbs  of  either 
body  near  the  point  of  contact,  and  no  truce  of  an}-  black  drop^ 
ligament  or  band. 

There  was  no  change  of  color  or  tint  on  the  limb  of  Venus  near 
the  point  of  contact,  and  no  indication  of  any  dinging  of  the  limbs. 

The  contact  was  as  easily  and  I  think  as  accurately  observed  as 
the  transit  of  a  star  within  8^  of  the  pole  under  the  best  conditions. 
The  uncertainty  of  noting  the  time  of  the  visible  contact  could 
not  be  greater  than  three-tentJis  of  a  second. 

The  phenomena  at  the  t^ird  contact  were  similar  to  those  at  the 
second  in  the  reversed  order. 

From  my  own  experience  in  1882  and  in  1878,  as  well  as  from 
the  work  of  other  observers,  I  am  thoroughl}'^  convinced  that  with 
a  properly  arranged  telescope  and  shade  glasses,  no  good  observer 
need  have  any  trouble  flpom  any  phase  of  the  "  black  drop."  It 
must  not  be  forgotten  that  the  observer  of  contacts  has  but  a 
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single  purpose  in  view.  He  has  no  time  to  devote  to  the  study 
of  any  branch  of  solar  physics ;  he  is  simply  to  obtain  a  good  defi- 
nition of  the  Sun^s  limb  as  a  reference  point  in  the  passage  of  the 
limb  of  Venus.  Searching  for  some  nem  thing  detracts  from  the 
value  of  his  proper  work. 

If  It  be  urged  that  the  light  should  be  as  strong  as  the  eye 
can  bear,  thereby  producing  all  the  troublesome  phenomena  that 
diffraction  or  irradiation  will  give  at  the  limit  of  vision,  why  not 
simplify  the  process  by  discarding  shade  glasses  and  all  aids  to 
good  vision,  and  see, — nothing  that  is  trustworthy* 


Observations  de  M.  J.  Janssen,  Directeur  de  l'obsbrvatoirb 

DE  MeUDON,  chef  de  LA  MISSION  FRANC AISE  A  l'IlE  CAROLINE 

POUR  l'obssrvation  de  l'eclipse  totale  du  6  Mai,  1883. 
Communicated  by  Prof.  J.  R.  Eastman  of  Washington,  D.  C. 

observations  spectroscopiques. 

Le  but  principal  des  observations  de  I'autcur  dtait  I'^tude  dcs 
raies  obscures  de  la  couronne. 

D'apres  I'avis  de  I'auteur  la  visibility  de  ccs  raies  d6pend 
beaucoap  plus  du  pouvoir  lumineux  de  I'instrument  que  de  la  per- 
fection des  images. 

D'apr&s  ces  vues  Tauteur  avait  fait  construire  un  telescope 
(reflecting)  dont  le  miroir  a  50  centimetres  de  diametrc  et  seule- 
ment  1™  60  de  foyer.  Dans  cet  instrument  les  images  de  la  lune 
sont  d'une  intensity  extraordinaire  et  qui  blcsse  la  vue.  Avec  ce 
telescope  on  a  pu  obtenir  de  bonne  images  de  la  lumiere  cendi-^e  en 
une  minate  d'exposition.  C'est  cet  instrument  qui  a  6t6  employe 
&  Caroline.  Le  spectroscope  adapts  au  t^l^scope  est  form6  d'un 
prisme  K  vision  directe  contenant  les  prismes  de  matiere  tres  pure. 
Le  collimateur  a  un  foyer  et  une  ouverture  calcul6s  pour  que  tons 
les  rayons  envoy6s  par  le  miroir  soient  utilises  par  lui. 

Un  cbercheur  trcs  precis  est  dispose  sur  Tinstrument  de  manicrc 
que  Tun  des  youx  6tant  au  cbercheur  Tautre  oeil  puisse  avoir  Ta- 
nalyse  du  ph^nomdne. 

a.  a.  a.  8.»  vol.  XXXII.  6 
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Avant  la  totality  complete  le  miroir  du  telescope  £tait  cooTert 
en  par  tie  pour  £viter  que  les  rayons  sola!  res  ne  brissent  le  prisme 
reflcctour  qui  renvoie  la  lumiere  dans  le  8pectroscoi>e. 

Des  que  la  totality  a  £t6  presque  complete  le  miroir  a  it^  com- 
plelement  d^couvert,  et  on  a  commence  Texploration  de  la  coa- 
ronne. 

On  a  rcconnu  d'abord  les  rales  brillantcs  que  la  couronne 
presente  ordinairement  mais,  ce  qui  a  ^te  nouveau  et  plus  eoroplet 
qu'on  nc  s'y  attendait  mSme,  c'est  que  le  fond  du  spectre  coronal 
a  presenl6  le  spectre  FraunJioferien  complet;  c'est-a-dire,  les  raies 
obscures  du  spectre  solaire  moins  cellcs  de  ces  rales  qui  de- 
vicnncnt  brillantcs  dans  la  couronne,  comme  C.  F.  etc.,  et  celles 
qui  par  Icur  finesse  ne  sont  visibles  que  dans  les  spectroscopes 
cxtrement  dispcrsifs.  Et  ce  qu'il  faut  bien  remarquer  c'est  que 
dans  les  circonstances  d'^clairement  ou  on  etait  plac6,  toutes  les 
raies  obscures  du  spectre  solaire  qu'il  6tait  th^oriquement  possible 
de  voir  out  6t6  vues. 

J'ai  meme  6t6  si  frapp6  de  Evidence  du  pb^nomene  que  j*ai 
demand6  a  M.  Trouvelot,  qui  observait  a  cote  de  moi  de  venir  le 
voir.  Mais  ces  occupations  Ten  ont  empech6.  Ce  pbenoroene 
remarquable  a  6t6  observ6  dans  les  parties  les  plus  brillantes  de 
la  couroimo,  mais  non  d'une  manicre  6gale  a  m^me  distance  da 
lirabc  Itinaire.  Ccci  indiquc  qu'il  y  a  dans  la  couronne  des  parties 
qui  refl6chisscnt  beaucoup  plus  abondament  la  lumiere  £manee  do 
globe  solaire,  circonstance  en  accord  avec  Texistence  an  tour  de  ce 
globe  de  matieres  cosmiques  circulant  autonr  de  lui. 

Nous  ne  d6veloppcrons  pas  let  toutes  les  consequences  da  fait 
constat^  h  Caroline,  nous  voulons  6urtx>ut  constater  Texistence 
dans  le  spectre  coronal  du  spectre  de  Fraunhofer  complet,  nous 
r6servant  de  revenir  sur  les  consequences  de  ce  pbenomene, 
relativcmcnt  a  la  constitution  de  la  couronne  et  des  espaces 
circumsolaires.  J'ai  trouv6  le  spectre  de  la  couronne  continu  dans 
certaines  r6gions  basses  de  la  couronne. 

J'ai  6tudi6  anssi  les  anneaux  de  Respigbi.  Ces  anneaux  ne  se 
sont  pas  montrfes  r^guliers  autour  du  limbe  lunaire ;  ils  ont  pre- 
scnt6  deux  particularit^s  de  structure  qui  montrent  la  complexity 
du  pb6nomcne  coronal  et  qui  seront  discut^es  plus  tard. 

La  lumiere  de  la  couronne  6tait  vivement  et  radialement 
polarisie. 

Toutes  ces  itudes :  examen  des  formes  de  la  couronne,  rales 
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obscures  anncaux  de  Respighi,  polarisation  6taient  associ^es  en 
Tue  de  la  question  des  matieres  cosmiques  circumsolaires,  nous 
pensoDS  que  Ics  r£sultats  obtenus  a  Caroline  et  8p6cialement  la 
constatation  dii  spectre  fraunhofiricn  dans  les  r^ions  circum- 
solaires avancent  cette  question. 

PHOTOGRAPHIE. 

J'avais  einport^  de  France  deux  grands  appareils  sur  lesquels 
itaient  monies  luiit  chambres  photograph iques,  dans  le  but 
d*etudier  la  question  des  planetes  intra-mercurielles  et  celles  des 
formes  de  T^tendue  de  la  couronne. 

Vu  des  appareils  photographiqne  avait  un  objectif  de  8  pouces 
d'ouverture  qui  embrassait  une  region  de  15°  tout  autour  du  soleil. 
Cette  appareil  doune,  par  une  belle  nuit,  des  ^toiles  de  6  et  7* 
grandeur  en  quelques  minutes.  II  6tait  sp6cialement  destin6  a 
Cai'oline,  a  la  recherche  des  planetes  hypothetiques  intra-mcrcu- 
rielles.  Un  premier  cxamen  des  plaques  permet  de  dire  que  rien 
d*important  k  ce  point  de  vue  ne  s'est  montr6  autour  du  soleil 
pendant  T^clipse  totale. 

Pour  moi  la  non  existence  de  planetes  importantes  intra^mercu- 
rielles  me  semble  d6montr6,  sinon  d'une  manidre  absolue  aa 
moins  avec  une  probability  extr^mcnt  consid6rable.  Les  autres 
appareils  photographiques  avaicnt  des  pouvoirs  lumineux  tres 
diflerents  et  ^taient  destines  a  r^sQudre  plusieurs  questions  noa- 
velles  sur  la  constitution  de  la  couronne. 

Ces  appareils  out  montr6  que  la  couronne  est  un  ph^nomene 
deli  mi  t£  et  qu'au  dcl^  d'un  certain  temps  de  pose  son  image 
photographique  n^augmente  plus  en  etendue. 

Vue  des  images  de  la  couronne  a  6t6  obtenue  avec  un  objectif 
de  4  |>ouces  a  court  foyer  et  qui  a  agi  pendant  cinq  minutes  com- 
plete sur  une  plaque  a  la  gelatine  tr^s  sensible.  La  couronne  y  est 
nettement  limit^e  et  d'^tendue  sensiblement  6gale  h  celle  obtenue 
avec  des  actions  Inmineuses  beaucoup  plus  faibles. 

Les  formes  de  la  couronne  se  sont  montr6es  fixes  pendant  toute 
la  dur6e  de  la  totalit6.  En  r6sum6  mes  observations  k  Caroline 
tendent  k  £tablir:  qu'il  n'existe  point  de  planetes  ultra-mercu- 
rielles  importantes,  et  que  les  perturbations  reconnues  par 
Levenier  dans  les  mouvement  de  Mercure,  doivent  plut6t  etre 
rechercbis  dans  la  presence  de  matidres  cosmiques  circulant  autour 
du  soleil. 
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Orbit  of  the  great  Comet  of  1882.      By  Edgar  Frisdt  of 
Washington,  D.  C. 

fABSTRACr.l 

This  is  a  partial  record  of  observations  at  Washington.  Mr. 
Winlock  of  the  U.  S.  Naval  Observatory  is  preparing  a  descrip- 
tion of  all  the  physical  phenomena  of  the  comet  which  were  there 
observed.  The  first  observation  of  the  comet  made  at  Washing- 
ton was  with  the  9.6  inch  Equatorial  at  aboat  two  o'clock  on  the 
afternoon  of  September  19,  comparisons  being  made  with  the  eon 
for  the  position  of  the  comet.  Good  meridian  observations  were 
obtained  on  Sept.ember  20  and  21,  and  from  the  equatorial  obser- 
vation on  the  19th  and  the  two  meridian  observations  of  the  20th 
and  21st,  calcuhitions  were  made  which  served  to  fix  the  place  of 
the  comet  with  fair  approximate  accurac)'  for  three  months,  which 
was  a  somewhat  remarkable  success.  After  the  fifth  of  October 
adiflScnlty  occun*ed  in  obtaining  accurate  observations,  on  account 
of  several  difierent  points  of  light  being  presented  in  an  ill-defined 
nucleus,  and  it  was  uncertain  whether  the  observations  always 
referred  to  the  same  luminous  point,  the  nucleus  sometimes  ex- 
tending over  as  much  as  four  seconds  of  time  in  right  ascension 
and  as  much  as  three  or  four  tenths  of  a  minute  in  declination. 

The  following  elements  were  computed  from  observations  made 
at  the  U.  S.  Naval  Observatory  on  September  19,  October  8  and 
November  24,  astronomical  time,  tlie  first  and  last  being  made  on 
the' meridian  and  the  middle  one  on  the  equatorial. 


Perihelion  Time 

d 

Sept.  17.  2282 

Wash.  M.  T. 

Q=    346°     1' 

7.9  r' 

<P 

89**  13'  42.70" 

r— fi  =      69    36 

12^9 

log.  a      = 

1.9331366 

i=    141    59 

52.16 

log.  q      = 

7.8904739 

period          = 

793.689  vears. 

The  elements  are  referred  to  the  mean  equinox  of  1883.0. 

The  first  accurate  observation  of  this  comet  of  which  we  have 
an}'  record  was  made  by  Mr.  Finlay  at  the  Cape  of  Good  Hope 
on  September  8.  Among  the  last  were  observations  made  at  tlie 
Kempshot  observatory,  Jamaica,  April  26,  27,  May  5  and  6  by 
Mr.  Maxwell  Hall.  The  elements  compared  with  the  Cape  of 
Good  Hope  observation  give  a  correction  of  only  half  a  second  of 
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time  in  right  ascension  and  about  one  second  in  declination ;  com- 
pared with  the  Jamaica  observations  the  corrections  vary  from  0 
to  3*  in  right  ascension  and  from  0.'  1  to  1  .'8  in  declination.  Com- 
parisons were  also  made  with  other  observations  which  gave  a 
correction  sometimes  as  much  as  3'  or  4'  in  right  ascension  and 
about  0/3  in  declination ;  these  variations  probably  being  partly 
accounted  for  from  observing  different  parts  of  the  nucleus. 

The  elements  were  also  compared  with  the  computations  of 
other  astronomers.  The  most  prominent  variation  was  in  respect 
to  tlie  period  which  others  gave  as  659,  654,  823,  852  and  997 
years.  The  last  period  *vas  that  computed  by  Dr.  Morrison  of 
the  Nautical  Almanac  Ofllce  at  Washington. 

The  difference  between  793  and  997  years  seems  considerable, 
but  the  elements  agree  very  closely,  the  incHnation  being  exactly 
the  same  as  that  here  given  ;  the  position  of  the  node,  and  the 
distance  from  the  perihelion  to  the  node  differing  only  by  about 
0/3.  The  period  of  853  years  was  computed  by  Dr.  Kreutz,  that 
of  823  by  Fabritius.  A  pasteboard  model  constructed  by  Mr. 
Winlock  was  exhibited,  showing  the  relative  positions  in  space  of 
the  eailh,  sun  and  comet. 


Obseryations  upon  Uranus  made  in  1883,  at  Princeton,  N.  J. 
By  C.  A.  Young  of  Princeton,  N.  J. 

(ABSTRjLCT.] 

DuRiKa  May  and  June,   1883,  a  series  of  micrometric  meas- 
urements upon   the  planet*s  disk  was  made,  for  the  pur|K>se  of 
detenninisg  its  ellipticit}' ;   the  time  being  especially  favorable 
because  of  the  planet's  nearness  to  the  node  of  the  satellite  orbits 
The  instrument  used  was  the  23  inch  equatorial  of  the  Halstet 
Observatory,  with  the  filar  micrometer :  powers  of  480  and  720. 

For  the  polar  diameter,  reduced  to  the  mean  distance  19.1826, 
we  obtained  from  140  readings  on  eight  different  evenings,  3'^974. 

For  the  equatorial  diameter, 4". 280, 

from  the  same  number  of  readings  on  the  same  evenings,  Ma^'  18 
to  June  19  inclusive. 

The  cllipticity  of  the  disk  deduced  is  about  -j^. 
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Whenever  the  seeing  was  good,  faint  markings  were  always 
Tisible  on  the  disk  of  the  planet. 

They  appeared  to  be  dark  belts^  resembling  somewhat  those  of 
Jupiter.  Usually  there  were  two  of  them,  one  on  each  side  of  tlie 
equator,  their  general  trend  being  commonly  in  the  directiou  of 
the  major  asis  of  the  satellite  orbits,  though  on  one  or  two  occa- 
sions they  seemed  to  be  inclined  sinistTrorsum  to  this  line  by  some 
10^  or  20°.  Nothing  was  made  out  which  could  give  a  satisfactory 
determination  of  the  planet's  axial  rotation.  Once  or  twice  a 
difference  was  noted  between  the  brightness  of  the  two  polar 
regions,  the  western  being  brighter  than  the  eastern  ;  and  on  one 
evening  one  of  the  observers  (C.  A.  Y.)  suspected  a  sort  of  spur 
running  out  from  the  polar  edge  of  the  western  belt:  but  tbc 
object  was  very  faint,  and  the  appearance  never  recurred. 

The  observations  were  made  by  Professor  Young  and  Mr. 
McNeill. 


Physical  Phenomena  on  the  Planet  JuprrER.    By  G.  W.  IIou6Q 
of  Chicago,  III. 

The  rapid  motion  of  revolution  of  the  planet,  b}*"  changing  the 
positions  of  the  markings  on  the  surface  to  our  line  of  siglit, 
makes  great  appai-ent  differences  in  their  shaj^cs  and  sizes.  This 
has  perhaps  been  the  occasion  of  reports  of  sudden  and  great 
changes  upon  the  surface.  The  changes  are  not  sudden  but  are 
gradual ;  and  many  of  the  features  are  permanent.  Minor  changes 
are  constantly  in  progress  in  the  equatorial  belts.  The  author  re- 
cently observed  the  belt  drifting  down  toward  the  red  spot;  but 
although  it  partly  surrounded  it,  they  did  not  coalesce,  and  the 
spot  foreed  a  scallop  into  the  belt, — a  very  curious  phenomenon. 
The  author  saw  a  satellite  pass  over  the  red  spot,  though  the  snt- 
ellites  are  not  visible  when  on  the  white  part  of  the  disk.  lie 
had  also  had  a  chance  to  compare  shadows  of  satellites  on  the  disk 
and  on  the  spot,  and  both  are  dark.  The  red  siK)t  has  seemingly 
retrograded  during  the  past  four  years ;  that  is  to  say,  the  rotation 
of  Jupiter  has  seemingly  increased  from  9  h.  55  m.  33  s.,  to  9h. 
55  m.  38  s.  The  future  observer  should  attend  more  carefully  to 
what  he  sees,  and  theorize  afterward. 
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On  A  Method  of  observinq  the  Eclipses  of  Jupitek's  Satel- 
lites, EMPLOYED  at  THE  LaWRENCE  OBSERVATORY  OF  AmHERST 

College,  bearing  on  the  Determination  of  certain  correc- 
tions  PROPER  TO   be   applied  TO  THE  EARLY  OBSERVATIONS  OF 

THESE  Eclipses.    By  David  P.  Todd  of  Amherst,  Mass. 

[abstract.] 

Among  the  more  important  corrections  which  have  to  be  applied 
to  the  early  observations  of  the  eclipses  of  Jupitei,*'s  satellites  to 
render  them  homogeneons  and  comparable,  is  the  correction  for 
aperture  of  the  telescopes  used  in  making  the  observations.  With 
reference  to  throwing  some  light  on  this  question,  a  method  has 
been  devised  whereby  any  given  eclipse  may  be  repeatedly 
observed  at  either  phase  by  a  single  observer  with  varying  aper- 
tures of  his  telescope.  This  method  was  brought  into  use  at  the 
Lawrence  Observatory  early  in  the  present  year,  and  the  results 
so  far  obtained  indicate  the  desirability  of  continuing  the  work  in 
the  future. 


Observations  on  the  transit  of  Venus  made  at  Columbia  Col- 
lege Observatory.    By  J.  K.  Rees  of  New  York,  N.  Y. 


Investigation  of  the  Light 'Variations  of  Sawyer's  Variable. 
By  S.  C.  Chandler,  Jr.,  of  Cambridge,  Mass. 

[abstract.] 

This  paper  contains  a  discussion  of  the  elements  and  light 
curve  of  this  variable  of  the  Algol  type,  from  all  the  available 
material.  The  period  is  shown  to  be  at  present  20  h.,  7  m.,  42.0 
s.,  and  the  presence  of  an  irregularity  in  the  period  is  demonstrated 
by  observntions  at  Cordoba  and  Copenhagen  in  1871  and  1868 
respectively.  Anomalies  in  the  light  curve  are  also  shown  very 
probably  to  exist. 


88  SECTION   A. 

Results  of  Tests  with  the  ALMUCAin'AR,  in  Time  and  Latitude. 
By  S.  C.  Chandler,  Jr.,  of  Cambridge,  Mass. 

[ABSTRACT.] 

The  instrument  which  has  been  named  the  '^  almucantar  "  wasde- 
scribed  and  figured  in  a  paper  presented  to  the  association  at  its 
meeting  in  1880.  In  its  general  nature  it  is  an  equal  altitade 
instrument.  A  hollow  rectangular  trough  containing  mereur}'  re- 
volves horizontally  on  an  upright  central  pillar.  The  trough  con- 
tains a  float  which  is  perfectly  free  to  obtain  equilibrium,  while  it 
is  constrained  to  revolve  with  the  trough.  The  float  carries  a 
telescope  which  turns  on  a  horizontal  axis,  and  can  be  clamped  at 
any  desired  altitude.  When  this  instrument  is  revolved  on  its 
vertical  axis,  any  given  point  in  the  field  of  view  describes  a  hori- 
zontal small  circle,  or  almucantar,  in  the  heavens.  The  transits  of 
stars  over  a  series  of  horizontal  lines  will  thns  afford  means  of 
determining  the  altitude  of  the' instrument,  the  error  of  the  clock, 
the  latitude  or  the  declinations  of  the  stars,  by  a  proper  distribution 
of  the  observations  in  azimuth. 

A  higher  degree  of  accuracy  is  attainably  by  this  instrument 
than  by  a  transit  or  a  zenith  telescope  of  the  same  size.  The  au- 
thor's comparison  of  results  is  as  follows :  the  probable  error  of 
a  single  star  in  determining  the  clock  error  is  only  z^  0.05'  or 
it  0.06",  With  a  transit  instrument  of  the  same  size,  the  quantity 
is  not  less  than  i  0.08*.  With  the  almucantar  the  probable  error  in 
determining  the  latitude  from  a  single  star  is  db  0.55",  including  the 
error  of  the  star's  place.  This  is  about  equal  to  the  pix>bable  error 
of  a  pair  of  stars  by  Talcott's  method,  with  the  larger  telescopes 
of  the  United  States  coast-survey. 

The  instrument  was  a  small  one,  —  Ij-  inches  aperture  and  25 
inches  focus.  It  was  constructed  for  experiment  oiily,  in  a  provis- 
ional way,  at  a  cost  of  $150.  There  are  obvious  defects  in  design 
and  construction  :  when  these  are  remedied,  the  errors  can  be  mucb 
reduced. 

A  series  of  observations  with  this  instrument  are  given  by  the 
author,  for  the  latitude  of  a  pier  about  80  feet  north  of  the  Harvard- 
college  observatory.  The  value  obtained  by  averaging  these  is 
0.7"  less  than  given  by  Professor  Peirce  in  his  discussion  of  the 
prime  vertical  transit  observations  taken  by  the  Messrs.  Bond,  and. 
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adopted  as  the  standard  value  of  the  latitude  of  the  observatory, 
allowance  of  course  being  made  for  differences  between  piers. 
The  author  concludes  that  Professor  Peirce's  value  is  too  large  by 
fully  three-quarters  of  a  second.  By  way  of  proof  the  author  gives 
a  series  of  observations  on  the  five  stars  used  by  Professor  Peirce. 
These  are  compared  with  those  of  Auwcrs  and  Boss,  and  the  cor- 
rection of  the  hitherto  accepted  value  of  the  latitude  now  indicated 
by  the  almucantar  is  thereby  confirmed. 

The  clock  errors  of  two  nights  selected  at  random,  as  given  by 
the  almucantar,  were  exhibited  by  the  author.  The  results  both 
in  time  and  latitude  would  be  considered  satisfactory  with  an  or- 
dinary instrument  of  two  or  three  times  the  size.  The  almucantar 
can  be  made  much  larger  than  the  one  under  trial,  certainly  of  five 
or  six  inches  aperture,  with  corresponding  increase  of  precision 
along  with  greater  optical  power.  Its  mechanical  construction  is 
simple,  and  reduces  the  sources  of  error.  Thus  in  the  older  instru- 
ments there  are  involved  :  1.  The  accurate  construction  of  parts 
as  of  pivots,  level,  graduated  circles.  2.  Fixity  of  mounting,*  to 
avoid  a  shifting  of  the  instrumental  plane.  3.  Rigidity  of  the  in- 
strument itself,  to  secure  constancy  of  collimation  and  flexure.  In 
the  almucantar  only  the  last  condition  has  to  be  satisfied,  and  it  is  by 
far  the  easiest  of  the  three  to  be  attained  mechanically. 

The  author  regards  the  principle  of  flotation  adopted  as  being 
as  delicate  an  indication  of  the  direction  of  gravity  as  is  obtained 
by  the  spirit-level. 

The  almucantar  gives  promise  of  a  new  instrumental  resource  in 
the  higlier  practical  astronomy.  It  is  competent  to  deal  with  the 
most  delicate  problems.  It  will  evade  some  of  the  minute  sources 
of  errors  that  still  cling  to  meridian  instruments.  Especially,  it 
furnishes  a  method  for  obviating  difiJculties,  hitherto  regarded  as 
almost  insuperable,  connected  with  flexure  and  refraction,  in  ob- 
servations with  the  meridian  circle. 


A    STANDARD    TiME-POINTER    AND   A   TlME   LoNGITUDE   DiAL.      By 

Samuel  Emerson  of  New  York,  N.  Y. 


A  SYSTEM  OF  Algebraic  Geometry.     By  Samuel  Emerson  of 
New  York,  N.  Y. 
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An  improved  method  of  producing  a  Dark-field  Illdminatigh 
OF  Lines  ruled  upon  Glass.  By  W.  A.  Rogers  of  Cam- 
bridge, Mass. 


A  NEW  method  of  Investigating  the  Flexure  Correctioks  of 
A  Meridian  Circle.     Bj  W.  A.  Rogers  of  Cambridge,  Mass. 


The  Rotation  of  Domes.    By  G.  W.  Hough  of  Chicago,  III. 

[ABSTRACT.] 

Observatory  domes  are  in  general  very  hea\'y.  As  tbey  grow 
old,  owing  to  the  settling  of  walls  and  other  changes,  they  are 
apt  to  become  almost  unmanageable.  The  dome  at  Chicago  is 
ver}'  weighty,  everything  about  the  observatory  being  built  in  a 
very  substantial  manner.  When  Professor  Hough  first  tried  to  move 
the  dome,  he  found  its  two  sides  working  with  unequal  friction; 
and  this  was  afterward  remedied  to  some  extent,  but  by  no  means 
fully.  About  two  months  ago  a  gas-engine  was  placed  in  [wsition 
to  revolve  the  dome.  It  was  a  great  satisfaction  to  see  the  great 
dome  go  round  continuously,  without  hitches.  The  cost  of  moving 
the  dome  by  such  means  is  a  mere  trifle,  aside  from  the  first  cost 
of  the  engine.  The  use  of  water  power  where  that  was  easily 
accessible  must,  however,  be  preferred  in  many  instances  where  a 
sufiicient  head  is  supplied  by  street  mains. 

Dr.  C.  A.  Young  said,  In  discussing  the  foregoing,  that  when  he  came 
to  Princeton  he  found  a  verj'  heavy  dome  there.  One  man,  using  thirty 
pounds  pressure  on  a  two-foot  crank,  wta^  very  tired  after  giving  the 
dome  one  turn.  A  gas-engine  has  since  been  put  in  below,  aud  tiic  power 
is  communicated  by  a  belt.  A  revolution  cau  be  made  in  four  minutes, 
and  the  shutter  raised  In  two.  In  general,  the  dome  is  placed  and  the 
shutter  opened  within  five  minutes.  Dr.  Young  expressed  a  hope  that 
the  Brush  storage  l>atteries  would  furnish  electrical  illumination  and 
power  for  the  work  of  observatories,  as  the  electricity  might  be  stored 
even  from  a  gas-engine  operating  a  dynamo  during  hours  of  the  day  when 
there  was  no  other  use  for  its  power.  At  present  the  direct  action  of  a 
gas-engine  on  a  dynamo,  with  no  intervention  between  the  dynamo  and 
tlie  light,  was  too  irregular  to  serve  the  purpose. 
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DSSCRIFTION   OF  THE   NeW  ObSERYATOKY   OF  COLUMBIA    COLLEOE, 

New  York  City.     By  J.  K.  Rees  of  New  York,  N.  Y. 

[abstract.] 
Description  of  the  observatory  as  built  on  iron  girders  110  ft. 
from  tbo  groand.    Account  of  the  paper  dome  and  tbe  paper 
transit  slit-shutters  opening  by  springs. 


Observations  on  the  Transit  op  Venus  hade  at  Columbia  Col- 
lege Observatory.    By  J.  K.  Rees  of  New  York,  N.  Y. 


The  light  variations  of  T.  Monocerotis.    By  E.  F.  Sawyer  of 
Cambridgeport,  Mass. 


Tuk  Calculus  of  Direction  and  Position.*    By  E.  W.  Hyde  of 
Cincinnati,  Ohio. 

[ABSTRACT.] 

The  paper  consists  of  a  comparison  of  Hamilton's  Quaternions 
witb  Grassmann's  ''  Ausdehnungslehre,"  with  the  design  of  siiow- 
ing  the  superior  advantages  of  the  latter  as  a  practical  instrument 
for  geometrical  and  mechanical  purposes. 

First  is  given  a  brief  sketch  of  the  basis  of  Quaternions  with 
a  statement  of  its  peculiarity  in  giving  to  a  directed  quantity,  or 
vector,  in  addition  to  its  inherent  qualities  of  magnitude  and 
direction,  the  rotative  property  possessed  by  -j/ — 1 

Then  a  sketch  is  given  of  Grassmann's  sj'stem  of  geometrical 
multiplication  of  points,  lines  and  planes  showing  its  complete- 
ness, clearness  and  adaptability  to  the  uses  to  which  it  is  to  be 
put,  as  well  as  the  advantages  which,  in  the  opinion  of  the  writer, 
it  possesses  over  Hamilton's  system. 

In  conclusion  the  solutions  of  several  problems  by  the  two 
methods  are  given  in  parallel  columns  to  illustrate  the  relative 
brevity  and  conciseness  of  Grassmann's  method,  and  the  con- 
dition of  static  equilibrium  is  derived  as  an  illustration  of  the 
suitableness  of  the  same  for  the  purposes  of  mechanics. 

>  Published  In  ftill  la  Che  American  Journal  of  Mathomatioa.    No.  I,  toI.  yI. 
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Tide  Meter,  for  use  on  Soundings  at  a  Distance  from  the 
Shore.     By  John  M.  Batchelder  of  Cambridge,  Mass. 

[abstract.] 

An  instrument  for  ascertaining  the  rise  and  fall  of  the  tide,  from 
a  vessel  at  anchor  remote  from  the  land,  was  constructed  by  order 
of  Prof.  A.  D.  Bache,  in  1858,  and  has  been  used  for  this  purpose 
by  the  U.  S.  Coast  Survey  at  various  places. 

It  consists  of  an  india-rubber  bag  filled  with  air,  its  capacity 
being  four  or  five  gallons :  an  india-rubber  tube  of  about  one 
quarter  inch  internal  diameter  and  a  manometer  or  pressure  gauge. 
The  bag  is  contained  in  a  weighted  basket  or  case,  which  rests  upon 
the  bottom,  and  the  india-rubber  tube  leads  from  this  through  the 
hawse  hole  or  other  opening  to  the  manometer,  which  is  portable 
and  may  be  placed  in  any  convenient  position  on  board  ship. 

The  instrument  is  graduated  in  feet  and  fathoms,  each  forty- 
four  one-hundredths  of  a  pound  pressure  per  inch  being  equal  to 
one  foot  in  depth. 

The  longest  continued  series  of  observations  by  the  pressure 
tide  gauge  were  made  in  1862  and  1863  upon  the  "Martin's  In- 
dustry "  lightship  off  Hilton  Head,  eleven  miles  from  land,  in 
about  eight  fathoms  of  water. 

The  profiles,  made  from  the  records  of  the  Coast  Sur\-ey  are  of 
very  symmetrical  character,  in  this  respect  comparing  favorably 
with  records  of  the  staff-gauge  kept  at  the  same  time  at  Station 
Creek,  thirteen  miles  distant  from  the  lightship. 

With  this  instrument  on  board,  vessels  waiting  to  cross  a  bar  at 
the  mouth  of  a  harbor  may  know  the  exact  time  of  high  water. 


Construction  of  certain  Problems  relating  to  the  general 
Ellipsoid,  by  the  Method  of  descriptive  Geometrt.  By 
C.  M.  Woodward  of  Washington  University,  St.  Louis,  Mo. 

[ABSTRACT.] 

A  lemma  was  explained,  which  gave  methods  for  readily  construct- 
ing lines  represented  by  ^,  ~,  ^,  etc.,  whenxand  a  are  known  lines, 
and  it  was  then  shown  that  for  every  point  Xj  y, «,  on  the  sarface  of 
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an  ellipsoid,  there  is  a  corresponding  point  ^,  ^,  — ,  on  tlie  surface 

of  a  unit  sphere,  either  of  which  being  assumed  the  other  can  be 
easily  found. 

From  the  equations  of  the  perpendicular  to  a  tangent  plane 
the  projections  of  the  perpendicular  are  readily  constructed. 
Hence  follows  the  solution  of  the  problem  :  To  pass  a  x>lane  tangent 
to  a  general  ellipsoid  at  a  given  point. 

By  means  of  the  expression  for  the  length  of  a  perpendicular 
to  the  polar  plane  of  any  point  the  plane  is  constructed,  both 
when  the  point  is  at  a  finite,  and  at  an  infinite  distance.  Thus 
are  solved  problems  relating  to  lines  of  shade  for  diverging  and 
parallel  rays  of  light. 

Final h',  b}'  the  use  6f  similar  methods  is  solved  the  problem  : 
To  pass  a  plane  throtigh  a  given  line  and  tangent  to  an  ellipsoid. 


Descriptive-geometrical  treatment  op  Surfaces  of  the  Second 
Degree.     By  J.  Bcrkitt  Webb  of  Ithaca,  N.  Y. 

[abstract.] 

For  the  purpose  of  greater  conciseness  the  speaker  confined  his 
remarks  to  the  general  ellipsoid,  remarking  that  the  usual  treat- 
ment of  problems  upon  this  surface  —  as,  for  instance,  such 
problems  as  finding  the  shade  and  shadow,  or  drawing  tangent 
planes  —  is  lacking  in  generality  ;  the  body  being  taken  in  such 
special  position,  or  referred  to  such  special  axes,  as  reduce  the 
general  problem  to  a  specially  simple  one. 

The  speaker  then  drew  the  projections  of  three  conjugate 
diameters  of  a  general  ellipsoid  upon  the  board,  stating  that  this 
was  the  best  method  of  defining  that  body.  He  then  proceeded  to 
define  the  projections  of  the  enveloping  cylinders,  and  the  shadow 
of  the  body,  which  he  showed  could  as  easily  be  done  for  the 
general  ellipsoid  in  a  perfectly  general  position,  as  for  special 
cases.  In  fact,  it  appeared  that  problems  on  this  bod}'  gained 
nothing  in  simplicity  by  special  methods  and  devices  which  detract 
from  the  generality  of  the  treatment. 


Conic  Sections  in  Descriftiye  Geometry.   By  J.  Burkitt  Webb 
of  Ithaca,  N.  Y. 
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Some  hitherto  undeveloped  Properties  of  Squares.    By  0.  S. 
Westcott  of  Chicago,  111. 

Methods  of  obtaining  the  square  roots  of  numbers^  may  be 
classed  as  ordinary,  contracted  and  intuitive. 

The  ordinary  method  founded  upon  the  properties  of  the  square 
of  an  algebraic  binomial  needs  no  remark. 

The  contracted  method  was  published  in  a  little  book  written  by 
Samuel  Emerson  in  1865.     It  may  be  indicated  thus : 

39'  06'  25(625 
3 
62. 
Of  necessit}^  this  operation,  like  the  other,  depends  upon  the 
properties  of  the  trinomial  square  just  mentioned,  the  only  differ- 
ence in  the  method  being  with  reference  to  the  point  of  attack. 
Thus,  in  the  above  operation,        39'  06'  25(6 

3 
bearing  in  mind  that  (a  -|-  6)^  =  a^  +  2a6  -|-  ^^  after  subtracting 
6^  from  39  leaving  a  remainder  3,  take  2a  =  12,  for  a  permanent 
trial  divisor.^  Then  6=2.  Now,  instead  of  finding  a  permanent 
divisor  by  noting  the  possibility  of  factoring  2ab  -{-l^&sb  (2a  -f-ft) 
and  obtaining  the  value  of  2a  -|-  &,  remove  at  once  from  the  power 
the  value  of  b^  and  subsequently  that  of  2a6.  The  operation  will 
then  stand  :         39'  06'  25(62 

3 

62  the  mental  operation  being  6^  =  2^ 

=  4.  6  —  4  =  2.  2a&  =  2-6-2=24.3  30  —  24  =  6.  Aline 
through  the  3  may  indicate  its  removal,  and  the  remainder  may  be 
written  in  the  line  above  if  the  operator  so  desires. 

The  operation  then  proceeds  by  determining  with  our  old  divisor 
12  that  the  next  figure  of  the  root  is  5.     Then  we  have : 

39'  06'  25(625 
3 

62  as  the  completed  operation. 

>  Unless  othei'wise  indicated,  the  word  nnmber  throughoot  this  discossion  signifiea 
integer  or  integral  Dumber. 

*  In  the  ordinary  operation  for  the  extraction  of  the  square  root  ererj  obserrer  mast 
have  noticed  that  the  left  hand  figures  of  the  seyerai  trial  diTisors  rarely  ebaage. 

*  Locality  rather  than  local  yaluo  of  6  being  kept  in  mind  without  its  necessaril(y 
being  formulated  In  thought  as  60. 
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The  thought,  however,  is  something  more.  It  is  as  follows: 
53=25.  25  —  25  =  0.  Since  2  •  5  •  62  is  obviously  (2  •  5  •  2)  -f 
(2  •  5  •  60)  (see  note  2)  the  operation  then  proceeds  2* 2*5  =20. 
20  +  2  =  22.  22  —  22  =  0.  2  •  5  •  6  =  60.  60  +  2  =  62. 
62  +  62  =  0.  No  originality  is  claimed  for  this  operation,  but  by 
its  elucidation,  I  hope  to  have  called  attention  to  its  great  practical 
utility. 

I  come  now  to  what  I  have  ventured  to  call  the  intuitive 
method.  In  more  than  a  score  of  j'ears  of  school  routine  in  math- 
ematics, I  have  found  it  time-saving  and  advantageous  in  other 
respects,  to  develop  a  plan  of  determining  at  sight,  the  square 
root  of  any  perfect  square  within  moderate  limits.  Expedition  in 
obtaining  results,  particularly  in  the  elementary  matter  of  quad- 
ratic equations  is  so  desirable,  that  an  independent  discussion  of 
squares  is  believed  to  be  to  a  thoughtful  teacher  a  great  desid« 

eratnm. 

(a  +  6)2  =  a9  +  2ab  +  b^. 

(a  —  &)9  =  a9  —  2ab  +  b^. 

.-.  (a  +  6)2  —  (a  —  6)2  =  iabj 

and  (a  +  6)2  =  4ab  +  (a  —  6)2. 

Make  a  =  25. 

And  6=  1,2,3,  etc. 

Then  262  =:  lOO  +  242. 

272  --  200  +  232. 

282  —  300  4-  222,  etc.,  etc. 

Evidently,  then,  the  tens  and  units  figures  of  all  perfect  squares 
of  numbers  from  26  to  49,  inclusive,  are  the  same  as  the  tens  and 
units  figures  of  perfect  squares  of  numbers  from  24  to  1  inclusive. 

Any  one  may  now  easily  form  the  following  table : 

576  =  242  .-.  576  +  100  =  262  ~    ^76. 

529  =  232  ..,  529  -j-  200  =  272  =    729. 

484  =  222  .-.  484  ^  SOO  =  282  --    734. 

441  =  212  .-.441  +  400  =  292=    841. 

400  =  202  .-.400  4-  500  =  302=    900. 

861  =  192  .-.361  +  600  =  312=    961. 

324  =  182  .-.  324  +  700  =  322  —  1024. 

289  =  172  .-.289+  800  =  332=1089. 

256  =  162  ...  256  +  900  =  342  =  1156. 
225  =  152  .«.  225  +  1000  =  352  -.  1225. 
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196  =  142  .-.  196  +  1 100  =  36«  =  1296. 

169  =  133.-.  169  +  1200  =  372  --  1309. 

144  =  12'^ .-.  144  4-  1300  =  38^  zz=  1444. 

121  =  113 .-.  121  4-  1400  =  392  =  1521. 

100  =  102  .-.  100  +  l-'>00  =  409  =  1600. 

81=:  93.-.  81  +  1600  =  412=1681. 

64  =  8^.-.  64  +  1700  =  42^  =  1764. 

49  =  72  .-.  49  4-  1800  =  439  =  1849. 

36  =  69  .-.  36  4-  1900  =  449  _  1936. 

25  =  59  .-.  25  4-  2000  =  459  =  2025. 

16  z=    49.-.    16  4-2100  =  469=2116. 

9  =    39  .-.      9  4-  2200  =  479  =  2209. 

4  =    29  .-.     4  4-  2300  =  489  =  2304. 

1=    19.-.      1  4-2400=499=2401. 

Hence,  to  determine  the  square  of  any  number  between  25  and 
50,  one  has  merely  to  find  tlie  corresponding  number  below  25 
and  augment  its  square  by  the  number  of  lumdreds  indicated  bv 
its  remoteness  from  25.  Thus  43  being  18  more  than  25,  and  7 
being  18  less,  the  square  of  43  will  be  1800  +  79  =  1849. 

Again,  since  a —  b  =  2a  —  (a  -{-  b)^  we  may  more  conven- 
iently obtain  results  by  the  following  rule :  To  square  any  number 
from  25  to  60,  take  the  excess  above  25  as  hundreds^  ai\d  augment 
by  the  square  of  what  the  number  lacks  of  50. 

Thus,  439  =  (43  —  25)-100  +  (50  —  43)9  —.  1349,  as  above. 
479  =  (47  —  25)-100  4-  3"  =  2209,  etc.,  etc. 

Conversely:  required,  the  square  root  of  1764.  The  root  is 
plainly  in  the  fourth  decade,  that  is,  it  is  between  25  and  50.  Tbe 
tens  and  units  figures  indicate  8.  Therefore,  the  square  root  of 
1764  =  50  —  8  =  42. 


Again,  v/2116  =  50  —  4  =  46,  and  \/1444  =  50  —  12  =  38, 
etc.,  etc. 

Make  a  =.  50. 
And  6  =  1,  2,3,  etc. 
Then  619  =  20O  +  499. 
629  —  400  4-  489. 
539  =  600  4-  479, 
etc.,  etc. 

It  is  hero  further  observable  that  the  tens  and  units  figures  of 
perfect  squares  of  numbers  from  51  to  99  inclusive  are  the  same  as 


MATHEMATICS  AND  A8TH0N0MT.  97 

the  tens  and  units  figures  of  the  squares  of  numbers  from  49  to  1 
inclusive.  Now,  since  four  times  any  numbers  of  hundreds  plus 
25,  50  or  75,  gives  an  exact  number  of  hundreds,  it  follows  that 
the  tens  and  units  figures  of  the  squares  of  numbers  less  than 
25,  represent  all  the  possible  combinations  of  figures  in  those 
orders  of  units,  for  aU  square  numbers. 

Now,  as  these  squares  give  only  22  different  combinations,  viz. : 
00,  01,  04,  09,  16,  21, 24,  25,  29, 86, 41,  44,  49,  56,  61,  64,  69,  76, 
81,  84,  89,  96,  it  is  evident  that  familiarity  with  these  termina- 
tions is  eminently  desirable. 

Remembering  again,  that  a  —  b  =z  2a  —  (a  +  2>)»  we  may  for- 
mulate the  rule :  To  square  any  number  from  50  to  100,  take  twice 
the  excess  above  50  as  hundreds  and  augment  by  tJie  square  of  what 
the  number  lacks  of  100. 

Thus,  893  =  200  (89  —  50)  -f  (100  —  89)*  =  7921.  And  93« 
=  8649,  etc.^ 

Conversely :  required  the  square  root  of  8249.  The  root  is 
plainly  between  50  and  60.    The  tens  and  units  figures  indicate  7. 

Hence  i/3249  =  50  +  7  =  57.  And  |/F7'2T  =  50  +  11  =  61, 
etc.,  etc. 

Note,  however,  that  the  square  root  of  7921  is  50  +  39  or  100  — 
11.  Now  it  is  obviously  better  to  make  use  of  the  latter  combi- 
nation. Hence,  in  accordance  with  principles  already  developed,  if 
the  root  is  in  the  fourth  quarter  of  the  hundred,  subtract  the  number 
indicated  by  the  tens  and  units  figures  from  100,  and  the  difference 

is  the  required  root.    Thus  j/8281=  100  —  9  =  91 ,  |/9216=  100 

—  4  =  96,  i/7569  =  100  —  13  =  87,  etc.,  etc. 

From  what  we  have  learned  already,  the  following  are  conven- 
ient and  useful  inferences : 

To  square  any  number  from  100  to  200,  take  four  tim£s  the 
excess  above  100  as  hundreds^  and  augment  by  the  square  of  what  the 
number  lacks  of  200.  Thus  186^  =  86-4-100  -f  U^  =  84596, 
1783  =  78-4-100  +  222  ^  8i684,  etc.,  etc. 

Since  four  times  125  is  one-half  of  one  thousand,  to  square 
any  number  from  125  to  250,  take  one-half  the  excess  above  125  as 

«It  is  weU  Dot  to  fbrget  thnt  in  the  ease  of  many  numbers,  another  plan  is  still  more 
espeditioas.  I  refer  to  the  common  scheme  doTeloped  from  the  formula  (a  +  by(a  —  b) 
Bstf*  —  &s.  By  transposition,  this  becomes  a*  =  {a-{'  by  (a  —  &)  +  &',  and  98*  s  (93  4. 7) 
(98  —  7)  +  7*  »  SS19  as  before.  But  this  plan,  though  commonly  enough  used  and  in- 
dispensable in  its  place,  is  not  suffloiently  broad  for  our  present  discussion. 
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thousands^  and  atigment  by  the  sqt<are  of  what  the  number  heks  of 
250.  Thus  2392  =  ^(239  —  125)-1000  +  II2  =  57121,  246«  = 
J(246  -  125)-1000  +  42  =  60516,  etc.,  etc. 

Also,  to  square  any  number  from  250  to  500,  take  theexoesB 
above  250  as  thousands^  and  augment  by  the  square  of  what  the 
number  lacks  of  500.  Thus,  4792  —  (479  _  25O)  1000  -f  212  - 
229441,  4672  =zz  (467  —  250)  •  1000  +  332  —  218089.  It  is  ob- 
vioiis  that  these  rules  are  the  most  useful  in  the  vicinity  of  the 
upper  limit  of  their  scope,  but  when  one  has  once  rendered  him- 
self familiar  with  the  squares  of  small  numbers  (say  to  100)  the 
ease  with  whicli  succeeding  steps  may  be  taken,  as  indicated  in  the 
last  examples,  renders  the  more  common  methods  almost  ridicu- 
lous. 

It  is  obvious,  also,  that  the  principle  involved  in  these  processes 
is  universal,  and  that  rules  constructed  on  this  plan  may  be  mul- 
tiplied ad  infinilum.  Thus,  to  square  any  number  from  500  to 
1000,  take  twice  tJie  excess  above  500  as  thousands^  and  avgrnejU  by 
the  square  of  what  tlie  number  lacks  of  1000,  e.  g, :  9872  =  2  • 
(487)  •  1000  +  132  =  974169. 

It  need  not,  however,  be  forgotten  that  here  as  in  many  other 
cases,  there  is  a  choice  of  methods,  9872  being  also  (987  — 13) 
1000  +  132  =  974169.  This,  as  will  be  observed,  is  only  an  ap- 
plication of  the  other  formula,  briefly  discussed  above,  viz. :  a^  = 
(a  +  b)  {a  —  b)  +  b^.  The  utility  of  this  formula  is  too  often 
kept  out  of  the  sight  of  learners,  until  they  themselves,  mayhapi 
stumble  upon  it.     Observe,  e.  g, : 


192  =      20  • 

•18+1. 

282  _-      80  . 

'    26+    4.    • 

592  =      60  • 

"58-1-1. 

972  =    100  ' 

•94+9. 

1072=    100" 

•  114  +  49. 

9832  =    966  • 

•  1000  +  172  z=  966289. 

10312  =  1062 

'  1000  +  312  -.  1062961,  etc.,  etc.,  etc 

Incidentally,  this  process  should  be  made  perfectly  familiar. 
Let  us  now  drop  this  branch  of  the  subject  and  return  to  the  dis- 
cussion of  the  converse  operation  of  evolution,  ascertaining,  if 
possible,  how  the  principles  and  methods  developed  with  numbers 
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whose  roots  are  less  than  100,  may  be  applied  to  Diimbcrs  indefi- 
nitely larger. 

Since  the  squares  of  numbers  from  1  to  25  end  in  a  series  of 
numbers  in  the  tens  and  units  places,  which  are  repeated  in  regular, 
but  inverse  order  in  the  squares  of  numbers  from  25  to  50,  again, 
directly,  in  the  squares  of  numbers  from  50  to  75,  and  again,  in- 
versely, in  the  squares  of  numbers  from  75  to  100,  arid  so  on,  it  is 
evident  that  what  we  have  already  proved  within  the  limit  of  100 
holds  good  as  we  advance.* 

Now,  as  we  have  already  seen  y/13dij=:  100  —  14  =  86. 

Similarly.  -[/IHlijd  is  plainly  between  130  and  140,  t.  e.,  it  is  in 
the   second  quarter  of  the  hundred.     Since  69  indicates  13,  the 

root  is  evidently  150  —  13  =  137.     V24964  is  between  150  and 
160, 1,  e.,  in  the  third  quarter  of  the  hundred.     Since  64  indicates 

8,  V24964  is,  therefore,  150  +  8  =  158. 

In  general,  to  read  the  square  root  of  a  square  number,  first,  ob- 
serve the  last  two  figures  of  the  power.  These  figures  alwaj^s 
indicate  a  root  which  is  at  once  evident  to  any  one  who  will  famil- 
iarize himself  with  the  squares  of  the  numbers  from  1  to  25. 

Next,  determine  in  which  quarter  of  which  hundred  the  root 
lies.  If  the  root  is  in  the  first  or  third  quarter,  add  the  number 
indicated  by  the  tens  and  units  figures  to  the  hundreds  in  the 
former  case,  and  to  the  hundreds  plus  fifty  in  the  latter  case.  If 
the  root  is  in  the  second  or  fourth  quarter,  subtract  the  indicated 
number  from  the  hundreds  plus  50  in  the  former  case  and  from 
the  next  greater  number  of  hundreds  in  the  latter  case. 

Thus  \/393 129  is  in  the  second  quarter  of  the  sixth  hundred. 

Twenty-nine  indicates  23,  since  2^  =  529.     Therefore  >v/393129 

=  650  —  23  =  627.     Again  580644  is  in  the  third  quarter  of  the 

seventh  hundred.     44  indicates  12.      Therefore   580644  =  750 
-f  12  =  762. 

The  only  possible  difiSculty  remaining  is  to  determine  to 
which  quarter  of  the  known  hundred  the  root  of  the  specified 
power  belongs.  Since  24^  and  26^  both  give  76  as  tens  and  units 
figures,  it  is  at  first  perhaps  doubtful  whether  the  square  root  of 
104976  is  300  +  24,  or  350  —  24  =  326.     To  obviate  this  pos- 

*  Soe  remark  above  as  to  four  times  ani/  number  of  hundreds  plus  2S,  50  or  75. 
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•ibie  difficulty^  familiarity  with  tlie  following  table  may  first  be 

acquired. 

tV  =  .0625. 

J  _  A  =  .125. 
,^  =  .1875. 

i  =  ^  =  .25. 
^  =  .8125. 

I  =r  T^V  =  .375. 
^  =  .4375. 

^g  =  .5625. 
I  =  f  J  =  .625. 

jj  =  .6875. 
f  =  «  =  .75. 

if  =  .8125. 
i  =  II  =  .875. 

^^  =  .9375. 

The  student  is  here  requested  to  observe  that  be  may  readily  fall 
into  the  desirable  habit  of  inserting  or  omitting  decimal  points  at 
will,  if  thereby  he  can  expedite  his  mental  mathematical  opera- 
tions. He  must  also  keep  in  mind  the  elementary  method  of 
squaring  such  binomials  as  5  4*  i^.  From  an  algebraic  standpoint, 
this  is  obviously  5«  +  5-i.2  +  i=:6-5  +  i=  30  J.    Also, 

(8  +  i)«  =  8-8  +  8-[-i, 

=  72i, 
and  12.53  =  12  •  13  -I-  .  25  =  156.25* 
or  1253  =  120  •  130  Tf  25  =  15625,  etc.,  etc. 

*I  am  reminded  by  this  discussion  of  having  once  pabllstied  an  application  of  these 
principles  combined,  which  gives  at  once  S^*  s  132587d90e25. 

For  5>  IS  25. 
And  5«  =  253  =825. 
"    5«s(B5«s:8U0e25. 
For  625  by  a  point  placed  after  the  6  becomes  6|.    Kow  (6|)*  a  6  •  6  -f  S  +  (1)'  =  39 
and  l-16th. 
Writing  the  sixteenth  decimally  and  removing  the  decimal  point,  we  have  390635. 
But  5i«ss  8900253  s  ?. 

Restore  the  decimal  point  and  (39  l-16)s  s  39>  +  42  +  (1-1G)«.  389  (gee  above)  s^ ' 
40+1 B1521. 1521  •f-42sl525{.  Tlic  square  of  1-16  (.0025)  if  written  decimally,  VQSt  have 
the  same  siguiflcant  figures  as  625^  Jnst  obtained,  preceded  by  two  zeros  to  gire  tiie  cor- 
rect decimal  place  and  rciation.  Recollecting  then  that  there  mn^t  be  ei^bt  decimal 
places  following  the  1525  and  that  the  decimal  for  I  (.875)  occapies  three  places,  wliile  the 
square  of  025  must  occupy  the  last  six  places,  we  may  combine  our  thoughts  aod  write 
j  without  the  decimal  point  890025*  ss  152587890625,  which  is  the  sixteenth  power  of  5 

obtained  mentally  and  by  a  process  not  extraordinarily  difflonlt. 


(H)^  = 

1  9-16. 

(1J)9  = 

3  1-16. 

(2^)9  = 

5  1-16. 

(2f )''  = 

7  9-16. 
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We  may  now  construct  mentally  a  table  somewhat  like  the  fol- 
lowing : 

125«=    15625 

1759=    30625 

225«z=    50625 

2753 z=    75625 

825«  =  105625         or        (3^)9  =  10  9-16. 

3752  =  140625  (3f  )9  z=  U  1-16. 

4252  =  180625  (4i^)9  =  18  1-16. 

4759  =  225625  (4f  )9  =  22  9-16. 

525«  =  275625  (5^)«  =  27  9-16. 

5759  z=  330625  (5J)2  =  33  1-16. 

One  may  readily  extend  this  table  indefinitely  by  remembering 

that  (n -I- i)a  =  n  «  +  i  n  +  T«8 ;   (« -h  i) '^  =  «  («  +  1 )  +  i ; 
and  (n  +  f  )»  =  n  (n  +  1)  -H  i  »  +  ^^. 

It  is  unnecessary  to  discuss  the  suggested  law  of  increase  of 
squares  of  numbers  varying  b}'  ^  or  by  j-  of  100  as  here  indicated, 
but  the  mncmotechnist  will  be  sure  to  note  that  in  these  tables 
the  square  has  the  -^  or  0625  as  terminal  figures  for  the  ^  point  of 
the  odd  hundreds,  and  the  ^  point  of  the  even  hundreds,  while  the 
square  has  the  -^  or  5625  as  terminal  figures  for  the  j-  point  of 
the  odd  hundreds,  and  the  }  point  of  the  even  hundreds.  The  rea- 
son is  apparent. 

Another  ad%'antage  of  this  discussion  will  occur  to  arithme* 
ticians  when  in  doubt  as  to  whether  a  certain  number  is  a  perfect 
square.  For  example,  the  number  316471  cannot  be  a  square  for 
71  is  not  in  our  list  of  the  22  and  only  terminations  of  squares. 
The  number  172276  may  or  may  not  be  a  perfect  square.  A  glance 
shows  that  if  a  square,  the  root  is  424.  But  424  =  400  *  448  -f~ 
24'  which  is  plainly  greater  than  the  number  given.  Hence, 
1 72276  is  not  a  square  number.  If  the  doubt  in  any  case  is  not  so 
readily  dissipated,  the  contracted  methoKl  may  profitably  be 
brought  into  requisition. 
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A  PLEA  FOB  PUBE  SCIENCES 


The  question  is  sometimes  asked  us  as  to  the  time  of  year  we 
like  the  best.  To  my  mind,  the  spring  is  the  most  delightful ;  for 
Nature  then  recovers  from  the  apathy  of  winter,  and  stirs  herself 
to  renewed  life.  The  leaves  grow,  and  the  buds  open,  with  a  sug- 
gestion of  vigor  delightful  to  behold ;  and  we  revel  in  this  ever- 
renewed  life.  But  this  cannot  always  last.  The  leaves  reach 
their  limit ;  the  buds  open  to  the  full  and  pass  away.  Then  we 
begin  to  ask  ourselves  whether  all  this  display  has  been  in  vain, 
or  whether  it  has  led  to  a  bountiful  harvest. 

So  this  magnificent  country  of  ours  has  rivalled  the  vigor  of 
spring  in  its  growth.  Forests  have  been  levelled,  and  cities  built 
and  a  large  and  powerful  nation  has  been  created  on  the  face  of 
the  earth.  We  are  proud  of  our  advancement.  We  are  proud  of 
such  cities  as  this,  founded  in  a  day  upon  a  spot  over  which  but  a 
few  3'ears  since,  the  red  man  hunted  the  buffalo.  But  we  must 
remember  that  this  is  only  the  spring  of  our  countiy.  Our  glance 
must  not  be  backward ;  for,  however  beautiful  leaves  and  bloiisoms 
are,  and  however  marvellous  their  rapid  increase,  they  are  but 
leaves  and  blossoms  after  all.  Rather  should  we  look  forward  to 
discover  what  will  be  the  outcome  of  all  this  and  what  the  chance 
of  harvest.  For  if  we  do  this  in  time,  we  may  discover  the  worm 
which  threatens  the  ripe  fruit,  or  the  barren  spot  where  the  harvest 
16  withering  for  want  of  water. 

>  Id  UBiDg  the  word  ''science,''  I  refbr  to  physical  science,  as  I  know  nothing  of  nat> 
nral  science.   Probably  my  remarks  will,  however,  apply  to  both,  but  I  do  not  know. 

(105) 
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I  am  required  to  address  the  so-called  physical  section  of  this 
association.     Fain  would  I  speak  pleasant  words  to  you  on  this 
subject ;  fain  would  I  recount  to  you  the  progress  made  in  this 
subject  by  my  countrymen,  and  their  noble  efforts  to  understand 
the  order  of  the  universe.     But  I  go  out  to  gather  the  grain  ripe 
to  the  harvest,  and  I  find  only  tares.     Here  and  there  a  noble  head 
of  grain  rises  above  the  weeds ;  but  so  few  are  they,  that  I  find 
the  majority  of  my  countrymen  know  them  not,  but  think  that 
they  have  a  waving  harvest,  while  it  is  only  one  of  weeds  after  all. 
American  science  is  a  thing  of  the  future,  and  not  of  the  present 
or  past ;  and  the  proper  course  of  one  in  my^  position  is  to  consider 
what  must  be  done  to  create  a  science  of  physics  in  this  country, 
rather  than  to  call  telegraphs,  electric  lights,  and  such  conveniences, 
by  the  name  of  science.     I  do  not  wish  to  underrate  the  value  of 
all  these  things ;  the  progress  of  the  world  depends  on  them,  and 
he  is  to  be  honored  who  cultivates  them  successfully.     So  also  the 
cook  who  invents  a  new  and  palatable  dish  for  the  table  benefits 
the  world  to  a  certain  degree ;  yet  we  do  not  dignify  him  by  the 
name  of  a  chemist.     And  yet  it  is  not  an  uncommon  thing,  espe- 
cially in  American  newspapers,  to  have  the  oppliccUions  of  science 
confounded  with  pure  science ;  and  some  obscure  American  who 
steals  the  ideas  of  some  great  mind  of  the  past,  and  enriches  him- 
self by  the  application  of  the  same  to  domestic  uses,  is  often  lauded 
above  the  great  originator  of  the  idea,  who  might  have  worked 
out  hundreds  of  such  applications,  had  his  mind   possessed  the 
necessaiy  element  of  vulgarity.     I  have  often  been  asked,  which 
was  the  more  important  to  the  world,  pure  or  applied  science.    To 
have  the  applications  of  a  science,  the  science  itself  must  exist 
Should  we  stop  its  progress,  and  attend  only  to  its  applications, 
we  should  soon  degenerate  into  a  people  like  the  Chinese,  who  have 
made  no  progress  for  generations,  because  they  have  been  satisfied 
with  the  applications  of  science,  and  have  never  sought  for  reasons 
in  what  they  have  done.    The  reasons  constitute  pure  science. 
They  have  known  the  application  of  gunpowder  for  centuries ;  and 
yet  the  reasons  for  its  peculiar  action,  if  sought  in  the  proper  man- 
ner, would  have  developed  the  science  of  chemistr}^  and  even  of 
physics,  with   all   their  numerous  applications.     By  contenting 
themselves  with  the  fact  that  gunpowder  will  explode,  and  seeking 
no  farther,  they  have  fallen  behind  in  the  progress  of  the  world ; 
and  we  now  regard  this  oldest  and  most  numerous  of  nations  as 


ADDRESS  BT  B.   A.   ROWLAND.  107 

only  barbarians,  and  3'et  our  own  country  is  in  this  same  state. 
But  we  have  done  better,  for  we  have  taken  the  science  of  the  old 
world,  and  applied  it  to  all  our  uses,  accepting  it  like  the  rain  of 
heaven,  without  asking  whence  it  came,  or  even  acknowledging 
the  debt  of  gratitude  we  owe  to  the  great  and  unselfish  workers 
who  have  given  it  to  us ;  and,  like  the  rain  of  heaven,  this  pure 
science  has  fallen  upon  our  country,  and  made  it  great  and  rich  and 
strong. 

To  a  civilized  nation  of  the  present  day,  the  applications  of 
science  are  a  necessity,  and  our  country  has  hitherto  succeeded 
in  this  line,  only  for  the  reason  that  there  are  certain  countries  in 
the  world  where  pure  science  has  been  and  is  cultivated,  and 
where  the  study  of  nature  is  considered  a  noble  pursuit ;  but  such 
countries  are  rare,  and  those  who  wish  to  pursue  pure  science  in 
our  own  country  must  be  prepared  to  face  public  opinion  in  a 
manner  which  requires  much  moral  courage.    They  must  be  pre* 
pared  to  be  looked  down  upon  by  every  successful  inventor  whose 
shallow  mind  imagines  that  the  only  pursuit  of  mankind  is  wealth, 
and  that  he  who  obtains  most  has  best  succeeded  in  this  world. 
Everybody  can  comprehend  a  million  of  money ;  but  how  few  can 
comprehend  any  advance  in  scientific  theory,  especially  in  its  more 
abstruse  portions !     And  this,  1  believe,  is  one  of  the  causes  of 
the  small  number  of  persons  who  have  ever  devoted  themselves  to 
work  of  the  higher  order  in  any  human  pursuit.    Man  is  a  grega* 
rious  animal,  and  depends  very  much,  for  his  happiness,  on  the 
sympathy  of  those  around  him  ;  and  it  is  rare  to  find  one  with  the 
courage  to  pursue  his  own  ideas  in  spite  of  his  surroundings.     In 
times  past,  men  were  more  isolated  than  at  present,  and  each  came 
in  contact  with  a  fewer  number  of  people.     Hence  that  time  con* 
stitutes  the  period  when  the  great  sculptures,  paintings  and  poems 
were  produced.     Each  man's   mind   was  comparatively  free  to 
follow  its  own  ideals,  and  the  results  were  the  great  and  unique 
works  of  the  ancient  masters.     To-day  the  railroad  and  the  tele- 
graph, the  books  and  newspapers,  have  united  each  individual  man 
with  the  rest  of  the  world  :  instead  of  his  mind  being  an  individ- 
ual, a  tiling  apart  by  itself,  and  unique,  it  has  become  so  influenced 
by  the  outer  world,  and  so  dependent  upon  it,  that  it  has  lost  its 
originality  to  a  great  extent.    The  man  who  in  times  past  would 
naturally  have  been  in  the  lowest  depths  of  poverty,  mentally  and 
physically,  to-day  measures  tape  behind  a  counter,  and  with 
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lordly  air  advises  the  naturally  bom  genius  how  he  may  best  bring 
his  outward  appearance  down  to  a  level  with  his  own.  A  new 
idea  he  never  had,  but  he  can  at  least  cover  his  mental  nakedness 
with  ideas  imbibed  from  others.  So  the  genius  of  the  past  soon 
perceives  that  his  higher  ideas  are  too  high  to  be  appreciated  by 
the  world  ;  his  mind  is  clipped  down  to  the  standard  form  ;  every 
natural  offshoot  upwards  is  repressed,  until  the  man  is  no  higher 
than  his  fellows.  Hence  the  world,  through  the  abundance  of  its 
intercourse,  is  reduced  to  a  level.  What  was  formerly  a  grand 
and  magnificent  landscape,  with  mountains  ascending  above  the 
clouds,  and  depths  whose  gloom  we  cannot  now  appreciate,  has 
become  serene  and  peaceful.  The  depths  have  been  filled,  and  the 
heights  levelled,  and  the  wavy  harvests  and  smoky  factories  cover 
the  landscape. 

As  far  as  the  average  man  is  concerned,  the  change  is  for  the 
better.  The  average  life  of  man  is  far  pleasanter,  and  his  mental 
condition  better,  than  before.  But  we  miss  the  vigor  imparted  by 
the  mountains.  We  are  tired  of  mediocrity,  the  curse  of  our 
country ;  we  arc  tired  of  seeing  our  artists  reduced  to  hirelings, 
and  imploring  congress  to  protect  them  against  foreign  competi- 
tion ;  we  are  tired  of  seeing  our  countrymen  take  their  science 
from  abroad,  and  boast  that  they  here  convert  it  into  wealth;  we 
are  tired  of  seeing  our  professors  degrading  their  chairs  by  Uie 
pursuit  of  applied  science  instead  of  pure  science,  or  sitting  in- 
active while  the  whole  world  is  open  to  investigation ;  lingering 
by  the  wayside  while  the  problem  of  the  universe  remains  un- 
solved. We  wish  for  something  higher  and  nobler  in  this  coantry 
of  mediocrity,  for  a  mountain  to  relieve  the  landscape  of  its  mo> 
notony.  We  are  surrounded  with  mysteries,  and  have  been 
created  with  minds  to  enjoy  and  i-eason  to  aid  in  the  unfolding 
of  such  mysteries.  Nature  .calls  to  us  to  study  her,  and  our  better 
feelings  urge  us  in  the  same  direction. 

For  generations  there  have  been  some  few  students  of  science 
who  have  esteemed  the  study  of  nature  the  most  noble  of  pursuits. 
Some  have  been  wealthy,  and  some  poor ;  but  they  have  all  had 
one  thing  in  common, —  the  love  of  nature  and  its  laws.  To  tliese 
few  men  the  world  owes  all  the  progress  due  to  applied  science,  and 
yet  very  few  ever  received  any  payment  in  this  world  for  their 
labors. 

Faraday,   the  great  discoverer  of  the  principle  oh  which  all 
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machines  for  electric  lighting,  electric  railways,  and  the  transmis- 
sion of  power,  mast  rest,  died  a  poor  man,  although  others  and 
the  whole  world  have  been  enriched  by  liis  discoveries ;  and  such 
must  be  the  fate  of  the  followers  in  his  footsteps  for  some  time 
to  come. 

But  there  will  be  those  in  the  future  who  will  study  nature  from 
pure  love,  and  for  them  higher  prizes  than  any  yet  obtained  are 
waiting.  We  have  but  yet  commenced  our  pursuit  of  science,  and 
stand  upon  the  threshold  wondering  what  there  is  within.  We 
explain  the  motion  of  the  planets  by  the  law  of  gravitation ;  but 
who  will  explain  how  two  bodies,  millions  of  miles  apart,  tend  to 
go  toward  each  other  with  a  certain  force?  We  now  weigh  and 
measure  electricity  and  electric  currents  with  as  much  ease  as 
ordinary  matter,  yet  have  we  made  any  approach  to  an  explan- 
ation of  the  phenomenon  of  electricity  ?  Light  is  an  undulatory 
motion,  and  yet  do  we  know  what  it  is  that  undulates?  Heat  is 
motion,  yet  do  we  know  what  it  is  that  moves?  Ordinary  matter 
18  a  common  substance,  and  yet  who  shall  fathom  the  mystery  of 
its  internal  constitution  ? 

There  is  room  for  all  in  the  work,  and  the  race  has  but  com- 
menced. The  problems  are  not  to  be  solved  in  a  moment,  but 
need  the  best  work  of  the  best  minds,  for  an  indefinite  time. 

Shall  our  country  be  contented  to  stand  by,  while  other  countries 
lead  in  the  race?  Shall  we  always  grovel  in  the  dust,  and  pick  up 
the  crumbs  which  fall  from  the  rich  man's  table,  considering  our- 
selves richer  than  he  because  we  have  more  crumbs,  while  we 
forget  that  he  has  the  cake,  which  is  the  soui*ce  of  all  crumbs? 
Shall  we  be  swine,  to  whom  the  corn  and  husks  are  of  more  value 
than  the  pearls?  If  I  read  aright  the  signs  of  the  times,  I  think 
we  shall  not  always  be  contented  with  our  inferior  position.  From 
looking  down  we  have  almost  become  blind,  but  may  recover.  In 
a  new  country,  the  necessities  of  life  must  be  attended  to  first. 
The  curse  of  Adam  is  upon  us  all,  and  we  must  earn  our  bread. 

But  it  is  the  mission  of  applied  science  to  render  this  easier  for 
the  whole  world.  There  is  a  story  which  I  once  read,  which  will 
illustrate  the  true  position  of  applied  science  in  the  world.  A 
boy,  more  fond  of  reading  than  of  work,  was  employed,  in  the 
early  days  of  the  steam-engine,  to  turn  the  valve  at  every  stroke. 
Necessity  was  the  mother  of  invention  in  his  case :  his  reading 
was  disturbed  by  his  work,  and  he  soon  discovered  that  he  might 
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become  free  from  his  work  by  so  tying  the  valve  to  some  movable 
portion  of  the  engine,  as  to  make  it  move  its  own  valve.  Sol 
consider  that  the  true  pursuit  of  mankind  is  intellectual.  The 
scientific  study  of  nature  in  all  its  branches,  of  mathematics,  of 
mankind  in  its  past  and  present,  the  pursuit  of  art,  and  the  culti- 
vation of  all  that  is  great  and  noble  in  the  world, —  these  are  the 
highest  occupation  of  mankind.  Commerce,  the  applications  of 
science,  the  accumulation  of  wealth,  are  necessities  which  are  a 
curse  to  those  with  high  ideals,  but  a  blessing  to  that  portion  of 
the  world  which  has  neither  the  ability  nor  the  taste  for  higher 
pursuits. 

As  the  applications  of  science  multiply,  living  becomes  easier, 
the  wealth  necessary  for  the  purchase  of  apparatus  can  be  obtained, 
and  the  pursuit  of  other  things  beside  the  necessities  of  life  be- 
comes possible. 

But  the  moral  qualities  must  also  be  cultivated  in  proportion  to 
the  wealth  of  the  country,  before  much  can  be  done  in  pure  science. 
The  successful  sculptor  or  painter  naturally  attains  to  wealth 
through  the  legitimate  work  of  his  profession.  The  novelist,  the 
poet,  the  musician,  all  have  wealth  before  them  as  the  end  of  & 
successful  career.  But  the  scientist  and  the  mathematician  have 
no  such  incentive  to  work :  they  must  earn  their  living  by  other 
pursuits,  usually  teaching,  and  only  devote  their  surplus  time  to 
the  true  pursuit  of  their  science.  And  frequently,  by  the  small 
salary  which  they  receive,  by  the  lack  of  instrumental  and  literary 
facilities,  by  the  mental  atmosphere  in  which  the}' exist,  and,  most 
of  all,  by  their  low  ideals  of  life,  they  are  led  to  devote  their  sur- 
plus time  to  applied  science  or  to  other  means  of  increasing  their 
fortune.  How  shall  we,  then,  honor  the  few,  the  veiy  few,  who,  in 
spite  of  all  difficulties,  have  kept  their  eyes  fixed  on  the  goal,  and 
have  steadily  worked  for  pure  science,  giving  to  the  world  a  most 
precious  donation,  whi^h  has  borne  fruit  in  our  greater  knowledge 
of  the  universe  and  in  the  applications  to  our  physical  life  which 
have  eiirriched  thousands  and  benefited  each  one  of  us?  There  are 
also  those  who  have  every  facility  for  the  pursuit  of  science,  who 
have  an  ample  salary  and  every  appliance  for  work,  yet  who  de- 
vote themselves  to  commercial  work,  to  testifying  in  courts  of  lair, 
and  to  any  other  work  to  increase  their  present  large  income. 
Such  men  would  be  respectable  if  they  gave  up  the  name  of  pro- 
fessor,  and  took  that  of  consulting  chemist  or  physicist.    And 
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snch  men  are  needed  in  the  eommunity .  But  for  a  man  to  occupy 
the  professor's  chair  in  a  prominent  college,  and,  by  his  energy 
and  ability  in  the  commercial  applications  of  his  science,  stand 
before  the  local  community  as  a  newspaper  exponent  of  his  science, 
is  a  disgrace  both  to  him  and  his  college.  It  is  the  death-blow  to 
science  in  that  region.  Call  him  by  his  proper  name,  and  he  be- 
comes at  once  a  useful  member  of  the  community.  Put  in  his 
place  a  man  who  shall  by  precept  and  example  cultivate  his  science, 
and  how  different  is  the  result !  Young  men,  looking  forward  into 
the  world  for  something  to  do,  see  before  them  this  high  and  noble 
life,  and  they  see  that  there  is  something  more  honorable  than  the 
accumulation  of  wealth.  They  are  thus  led  to  devote  their  lives 
to  similar  pursuits,  and  they  honor  the  professor  who  has  drawn 
them  to  something  higher  than  they  might  otherwise  have  aspired 
to  reach. 

I  do  not  wish  to  be  misunderstood  in  this  matter.  It  is  no  dis- 
grace to  make  money  by  an  invention,  or  otherwise,  or  to  do 
commercial  scientiQc  work  under  some  circumstances ;  but  let 
pure  science  be  the  aim  of  those  in  the  chairs  of  professors,  and 
so  prominently  the  aim  that  there  can  be  no  mistake.  If  our  aim 
in  life  is  wealth,  let  us  honestly  engage  in  commercial  pursuits, 
and  compete  with  others  for  its  i)ossession ;  but  if  we  choose  a 
life  which  we  consider  higher,  let  us  live  up  to  it,  taking  wealth  or 
poverty  as  it  may  chance  to  come  to  us,  but  letting  neither  turn 
us  aside  from  our  pursuit. 

The  work  of  teaching  may  absorb  the  energies  of  many  ;  and, 
indeed,  this  is  the  excuse  given  by  most  for  not  doing  any  scien- 
tific work.  But  there  is  an  old  saying,  that  where  there  is  a  will 
there  is  a  way.  Few  professors  do  as  much  teaching  or  lecturing 
as  the  German  professors,  who  are  also  noted  for  their  elaborate 
papers  in  the  scientific  journals.  I  myself  have  been  burdened 
down  with  work,  and  know  what  it  is ;  and  yet  I  here  assert  that 
all  can  find  time  for  scientific  research  if  they  desire  it.  But  here, 
again,  that  curse  of  our  country,  mediocrity,  is  upon  us.  Our 
colleges  and  universities  seldom  call  for  first-class  men  of  repu- 
tation, and  I  have  even  heard  the  trustee  of  a  well-known  college 
assert  that  no  professor  should  engage  in  research  because  of  the 
time  wasted.  I  was  glad  to  see,  soon  after,  by  the  call  of  a  promi- 
nent scientist  to  that  college,  that  the  majority  of  the  trustees  did 
not  agree  with  him. 
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That  teaching  is  important,  goes  without  saying.  A  successful 
teacher  is  to  be  respected ;  but  if  he  does  not  lead  his  scholars  to 
that  which  is  highest,  is  he  not  blameworthy?  We  are,  then,  to 
look  to  the  colleges  and  universities  of  the  land  for  most  of  the  work 
in  pure  science  which  is  done.  Let  us  thei*efore  examine  these 
latter,  and  see  what  the  prospect  is. 

One,  whom  perhaps  we  may  here  style  a  practical  follower  of 
Ruskin,  has  stated  that  while  in  this  country  he  was  variously 
designated  by  the  title  of  captain,  colonel,  and  professor.  The 
story  may  or  may  not  be  true,  but  we  all  know  enough  of  the  customs 
of  our  countrymen  not  to  dispute  it  on  general  principles.  All  men 
are  born  equal :  some  men  are  captains,  colonels,  and  professors, 
and  therefore  all  men  are  such.  The  logic  is  conclusive ;  and  the 
same  kind  of  logic  seems  to  have  been  applied  to  our  schools, 
colleges,  and  universities.  I  have  before  me  the  report  of  the 
commissioner  of  education  for  1880.  According  to  that  report, 
there  were  389,^  or  say,  in  round  numbers,  400  institutions,  call- 
ing themselves  colleges  or  universities,  in  our  country  !  We  may 
well  exclaim  that  ours  is  a  great  country,  having  more  than  the 
whole  world  beside.  The  fact  is  sufficient.  The  whole  earth 
could  hardly  support  such  a  number  of  first-class  institutions. 
The  curse  of  mediocrity  must  be  upon  them,  to  swarm  in  such 
numbers.  They  must  be  a  cloud  of  mosquitoes,  instead  of  eagles 
as  they  profess ;  and  this  becomes  evident  on  further  analysis. 
About  one-third  aspire  to  the  name  of  university ;  and  I  note  one 
called  by  that  name  which  has  two  professors  and  eighteen  students, 
and  another  having  three  teachers  and  twelve  students  I  These  in- 
stances are  not  unique,  for  the  number  of  small  institutions  and 
schools  which  call  themselves  universities  is  veiy  great.  It  is 
difficult  to  decide  from  the  statistics  alone  the  exact  standing  of 
these  institutions.  The  extremes  are  easy  to  manage.  Who  can 
doubt  that  an  institution  with  over  eight  hundred  students,  and  a 
faculty  of  seventy,  is  of  a  higher  grade  than  those  above  cited 
having  ten  or  twenty  students  and  two  or  three  in  the  faculty  ? 
Yet  this  is  not  always  true  ;  for  I  note  one  institution  with  over 
five  hundred  students  which  is  known  to  me  personally  as  of  the 
grade  of  a  high  school.  The  statistics  are  more  or  less  defective, 
and  it  would  much  weaken  the  force  of  my  remarks  if  I  went  too 

*■  864  reported  on,  and  25  not  reported. 
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mach  into  detail.    I  append  the  following  tables,  howeTer,  of  380 
so-called  colleges  and  universities : — 

218  had  from    0  to  100  stadents. 
88    "      "    100  "  200        " 
12    "      "    200  "  300        " 

6    "      "    300  "  600        « 

6  over        500 

Of  322  so-called  colleges  and  universities : — 

206  had    0  to  10  in  the  faculty. 
99    "    10  "  20       "        " 
17   "    20  or  over  "        " 

If  the  statistics  were  forthcoming, —  and  possibly  they  may 
exist, —  we  might  also  get  an  idea  of  the  standing  of  these  insti- 
tutions and  their  approach  to  the  true  university  idea,  by  the 
average  age  of  the  scholars.  Possibly  also  the  ratio  of  number 
of  scholars  to  teachers  might  be  of  some  help.  All  these  methods 
give  an  approximation  to  the  present  standing  of  the  institutions. 
But  there  is  another  method  of  attacking  the  problem,  which  is 
very  exact,  yet  it  only  gives  us  the  possibilities  in  the  case  of  the 
institution.  I  refer  to  the  wealth  of  the  institution.  In  esti- 
mating the  wealth,  I  have  not  included  the  value  of  grounds 
and  building,  for  this  is  of  little  importance,  either  to  the  present 
or  future  standing  of  the  institution,  as  good  work  can  be  done 
in  a  hovel  as  in  a  palace.  I  have  taken  the  productive  funds  of 
the  institution  as  the  basis  of  estimate.    I  find : — 

234  have  below      $500,000. 

8     "     between  $500,000  and  $1,000,000. 
8     "     over     $1,000,000. 

There  is  no  fact  more  firmly  established,  all  over  the  world,  than 
that  the  higher  education  can  never  be  made  to  pay  for  itself. 
Usually  the  cost  to  a  college,  of  educating  a  young  man,  very 
much  exceeds  what  he  p&ys  for  it,  and  is  often  three  or  four  times 
as  much.  The  higher  the  education,  the  greater  this  proportion 
will  be ;  and  a  university  of  the  highest  class  should  anticipate 
only  a  small  accession  to  its  income  from  the  fees  of  students. 
Hence  the  test  I  have  applied  must  give  a  true  representation  of 
the  possibilities  in  every  cose.    According  to  the  figures,  only  six- 
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teen  colleges  and  universities  have  $500,000  or  over  of  invested 
funds,  and  only  one-half  of  these  ha%'e  $1,000,000  and  over.  Kow, 
even  the  latter  sum  is  a  very  small  endowment  for  a  college ;  and  to 
call  any  institution  a  university  which  has  less  than  $1,000,000  is 
to  render  it  absurd  in  the  face  of  the  world.  And  yet  more  than  100 
of  our  institutions,  many  of  them  very  respectable  colleges,  have 
abused  the  word  ^^  university  "  in  this  manner.  It  is  to  be  hoped 
that  the  endowment  of  the  more  respectable  of  these  institutions 
may  be  increased,  as  many  of  them  deserve  it;  and  their  unfortu- 
nate appellation  has  probably  been  repented  of  long  since. 

But  what  shall  we  think  of  a  community  that  gives  the  charter 
of  a  university  to  an  institution  with  a  total  of  $20,000  endow- 
ment, two  so-called  professors,  and  eighteen  students  !  or  another 
with  three  professors,  twelve  students,  and  a  total  of  $27,000  en- 
dowment, mostly  invested  in  buildings !  And  yet  there  are  very 
many  similar  institutions ;  there  being  sixteen  with  three  professors 
or  less,  and  very  many  indeed  wilh  only  four  or  five. 

Such  facts  as  these  could  only  exist  in  a  democratic  country, 
where  pride  is  taken  in  reducing  everything  to  a  level.  And  I 
may  also  say,  that  it  can  only  exist  in  the  early  da^^s  of  such  a 
democracy ;  for  an  intelligent  public  will  soon  perceive  that  call- 
ing a  thing  by  a  wrong  name  does  not  change  its  character,  and 
that  truth,  above  all  things,  should  be  taught  to  the  youth  of  the 
nation. 

It  may  be  urged,  that  all  these  institutions  are  doing  good  work 
in  education ;  and  that  many  young  men  are  thus  taught,  who 
could  not  afford  to  go  to  a  true  college  or  university.  But  I  do 
not  object  to  the  education, —  though  I  have  no  doubt  an  investiga- 
tion would  disclose  equal  absurdities  here, —  for  it  is  aside  from 
my  object.  But  I  do  object  to  lowering  the  ideals  of  the  youth  of 
the  country.  Let  them  know  that  they  are  attendinor  a  school, 
and  not  a  university ;  and  let  them  know  that  above  them  conies 
the  college,  and  above  that  the  university.  Let  them  be  taught 
that  they  are  only  half  educated,  and  that  there  are  i>ersons  in  the 
world  by  whose  side  they  are  but  atoms.  In  other  words,  let  them 
be  taught  the  truth. 

It  may  be  that  some  small  institutions  are  of  high  grade,  es- 
pecially those  which  are  new ;  but  who  can  doubt  that  more  than 
two-thirds  of  our  institutions  calling  themselves  colleges  and  uni- 
versities are  unworthy  of  the  name  ?   Each  one  of  these  institations 
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has  so-called  professors,  but  it  is  evident  that  they  can  be  only  of 
the  grade  of  teachers.  Why  should  they  not  be  so  called  ?  The 
position  of  teacher  is  an  honored  one,  but  is  not  made  more  hon- 
orable by  the  assumption  of  a  false  title.  Furthermore,  the 
multiplication  of  the  title,  and  the  ease  with  which  it  can  be 
obtained,  render  it  scarcely  worth  striving  for.  When  the  man  of 
energy,  ability,  and  perhaps  genius  is  rewarded  by  the  same  title 
and  emoluments  as  the  commonplace  man  with  the  modicum  of 
knowledge,  who  takes  to  teaching,  not  because  of  any  aptitude 
for  his  work,  but  possibly  because  he  has  not  the  energy  to  com- 
pete with  his  fellow-men  in  business,  then  I  say  one  of  the  induce- 
ments for  first-class  men  to  become  professors  is  gone. 

When  work  and  ability  are  required  for  the  position,  and  when 
the  professor  is  expected  to  keep  up  with  the  progress  of  his  sub- 
ject, and  to  do  all  in  his  power  to  advance  it,  and  when  he  is 
selected  for  these  reasons,  then  the  position  will  be  worth  working 
for,  and  the  successful  competitor  will  be  honored  accordingly. 
The  chivalric  spirit  which  prompted  Faraday  to  devote  his  life-  to 
the  study  of  nature  may  actuate  a  few  noble  men  to  give  their  lives 
to  scientific  work ;  but  if  we  wish  to  cultivate  this  highest  class  of 
men  in  science,  we  must  open  a  career  for  them  worthy  of  their 
efforts. 

Jenny  Lind,  with  her  beautiful  voice,  would  have  cultivated  it 
to  some  extent  in  her  native  village ;  yet  who  would  expect  her 
to  travel  over  the  world,  and  give  concerts  for  nothing?  and  how 
would  she  have  been  able  to  do  so  if  she  had  wished?  And  so 
the  scientific  man,  whatever  his  natural  talents,  must  have  instru- 
ments and  a  library,  and  a  suitable  and  respectable  salary  to  live 
upon,  before  he  is  able  to  exert  himself  to  his  full  capacity.  This 
is  true  of  advance  in  all  the  higher  departments  of  human  learning, 
and  yet  something  more  is  necessary.  It  is  not  those  in  this 
country  who  receive  the  largest  salarj*,  and  have  positions  in  the 
richest  colleges,  who  have  advanced  their  subject  the  most :  men 
receiving  the  highest  salaries,  and  occupying  the  professor's  chair, 
are  to-day  doing  absolutely  nothing  in  pure  science,  but  are  striv- 
ing by  the  commercial  applications  of  their  science  to  increase 
their  already  large  salar}'.  Such  pursuits,  as  I  have  said  before, 
are  honorable  in  their  proper  place ;  but  the  duty  of  a  professor 
is  to  advance  his  science,  and  to  set  an  example  of  pure  and  true 
devotion  to  it  which  shall  demonstrate  to  his  students  and  the 
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world  that  there  is  something  high  and  noble  worth  living  for. 
Money-changers  are  often  respectable  men,  and  3'ct  they  were 
once  severely  rebuked  for  carrying  on  their  trade  in  the  court  of 
the  temple. 

Wealth  does  not  constitute  a  university,  buildings  do  not :  it  is 
the  men  who  constitute  its  faculty,  and  the  students  who  learn 
from  them.  It  is  the  last  and  highest  step  which  the  mere  student 
takes.  He  goes  forth  into  the  world,  and  the  height  to  which  he 
rises  has  been  influenced  by  the  ideals  which  he  has  consciously  or 
unconsciousl}'  imbibed  in  his  university.  If  the  professors  under 
whom  he  has  studied  have  been  high  in  their  profession,  and  have 
themselves  had  high  ideals ;  if  the^^  have  considered  the  advance 
of  their  particular  subject  their  highest  work  in  life,  and  are  them- 
selves honored  for  their  intellect  throughout  the  world, —  the 
student  is  drawn  toward  that  which  is  highest,  and  ever  after  in 
life  has  high  ideals.  But  if  the  student  is  taught  by  what  are 
sometimes  called  good  teachers,  and  teachers  only,  who  know 
little  more  than  the  student,  and  who  are  often  surpassed  and  even 
despised  by  him,  no  one  can  doubt  the  lowered  tone  of  his  mind. 
He  finds  that  by  his  feeble  efforts  he  can  surpass  one  to  whom  a 
university  has  given  its  highest  honor ;  and  he  begins  to  think 
that  he  himself  is  a  born  genius,  and  the  incentive  to  work  is 
gone.  He  is  great  by  the  side  of  the  molehill,  and  does  not  know 
any  mountain  to  compare  himself  with. 

A  university  should  have  not  only  great  men  in  its  faculty,  bat 
have  numerous  minor  professors  and  assistants  of  all  kinds,  and 
should  encourage  the  highest  work,  if  for  no  other  reason  than  to 
encourage  the  student  to  his  highest  efforts. 

But,  assuming  that  the  professor  has  high  ideals,  wealth  such 
as  only  a  large  and  high  univei'sity  can  command  is  necessary  to 
allow  him  the  fullest  development. 

And  this  is  specially  so  in  our  science  of  physics.  In  the  early 
days  of  physics  and  chemistr}',  many  of  the  fundamental  exper- 
iments could  be  performed  with  the  simplest  apparatus.  And  so 
we  often  find  the  names  of  Wollaston  and  Faraday  mentioned  as 
needing  scarcely  anything  for  their  researches.  Much  can  even 
now  be  done  with  the  simplest  apparatus,  and  nobody,  except 
the  utterly  incompetent,  need  stop  for  want  of  it ;  but  the  fact 
remains,  that  one  can  only  be  free  to  investigate  in  all  departments 
of  chemistry  and  physics,  when  he  not  only  has  a  complete  labo- 
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ratory  ut  bis  command,  but  a  fund  to  draw  on  for  the  expenses 
of  each  experiment.  That  simplest  of  the  departments  of  pb^'sics, 
namely',  astronomy,  bas  now  reacbed  such  perfection  that  nobody 
can  expect  to  do  much  more  in  it  without  a  perfectly  equipped  ob* 
sei*vatory ;  and  even  this  would  be  useless  without  an  income 
sufficient  to  employ  a  corps  of  assistants  to  make  the  obser- 
vations and  computations.  But  even  in  this  simplest  of  physical 
Bobjects,  there  is  great  misunderstanding.  Our  country  has  very 
many  excellent  observatories,  and  yet  little  work  is  done  in  compar- 
ison, because  no  provision  bas  been. made  for  maintaining  the 
work  of  the  observatory ;  and  the  wealth  which,  if  concen- 
trated, might  have  made  one  effective  observatory  which  would 
prove  a  benefit  to  astronomical  science,  when  scattered  among  a 
half-dozen  merely  furnishes  telescopes  for  the  people  in  the  sur- 
rounding region  to  view  the  moon  with.  And  here  I  strike  the 
keynote  of  at  least  one  need  of  our  country,  if  she  would  stand 
well  in  science ;  and  the  following  item  which  I  clip  from  a  news- 
paper will  illustrate  the  matter': — 

^^The  eccentric  old  Canadian,  Arunah  Huntington,  who  left 
$200,000  to  be  divided  among  the  public  schools  of  Vermont, 
has  done  something  which  will  be  of  little  practical  value  to  the 
schools.  Each  district  will  be  entitled  to  the  insignificant  sum 
of  $10,  which  will  not  advance  much  the  cause  of  education." 

Nobody  will  dispute  the  folly  of  such  a  bequest,  or  the  folly  of 
filling  the  country  with  telescopes  to  look  at  the  moon,  and  call- 
ing them  observatories.  How  much  better  to  concentrate  the 
wealth  into  a  few  parcels,  and  make  first-class  observatories  and 
institutions  with  it ! 

Is  it  possible  that  any  of  our  four  hundred  colleges  and  univer- 
sities have  love  enough  of  learning  to  unite  with  each  other  and 
form  larger  institutions?  Is  it  possible  that  any  have  such  a  love 
of  truth  that  they  are  willing  to  be  called  by  their  right  name?  I 
fear  not ;  for  the  spirit  of  expectation,  which  is  analogous  to  the 
spirit  of  gambling,  is  strong  in  the  American  breast,  and  each  in- 
stitution which  now,  except  in  name,  slumbers  in  obscurit}*,  ex- 
pects in  time  to  bloom  out  into  full  prosperity.  Although  many 
of  them  are  under  religious  influence,  where  truth  is  inculcated, 
and  where  men  are  taught  to  take  a  low  seat  at  the  table  in  order 
that  they  may  be  honored  b}'  being  called  up  higher,  and  not  dis- 
honored by  being  thrust  down  lower,  yet  these  institutions  liave 
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thrust  themselves  into  the  highest  seats,  and  cannot  probahlj  be 
dislodged. 

But  would  it  not  be  possible  so  to  change  public  opinion  that 
no  college  could  be  founded  with  a  less  endowment  than  say 
$1,000,000,  or  no  university  with  less  than  three  or  four 
times  that  amount?  From  the  repoi*t  of  the  commissioner  of 
education,  I  learn  that  such  a  thing  is  taking  place  ;  that  the  tend- 
ency towards  large  institutions  is  increasing,  and  that  it  is  princi- 
pally in  tiie  west  and  southwest  tiiat  the  multiplication  of  small 
institutions  with  big  names  is  to  be  feared  most,  and  that  the 
east  is  almost  ready  for  the  great  coming  universit\-. 

The  total  wealth  of  the  four  hundred  colleges  and  univei*sities 
in  1880  was  about  $40,000,000  in  buildings,  and  $43,000,000  in 
productive  funds.  This  would  be  sufficient  for  one  great  univer- 
sity of  $10,000,000,  four  of  $5,000,000,  and  twenty-six  collegesof 
$2,000,000  each.  But  such  an  idea  can  of  course  never  be  carried 
out.  Government  appropriations  are  out  of  the  question,  becaase 
no  political  trickery  must  be  allowed  around  the  ideal  institution. 

In  the  year  1880  the  private  bequests  to  all  schools  and  collies 
amounted  to  about  $5,500,000 ;  and,  although  there  was  one  bcqnest 
of  $1 ,250,000,  yet  the  amount  does  not  appear  to  be  phenomenal.  It 
would  thus  seem  that  the  total  amount  was  about  five  million  dollars 
in  one  year,  of  which  more  than  half  is  given  to  so-called  colleges 
and  universities.  It  would  be  very  difficult  to  regulate  these  be- 
quests so  that  they  might  be  concentrated  sufficiently  to  produce 
an  immediate  result.  But  the  figures  show  that  generosity  is  a 
prominent  feature  of  the  American  people,  and  that  the  needs  of 
the  country  only  have  to  be  appreciated  to  have  the  funds  forth- 
coming. We  must  make  the  need  of  research  and  of  pure  science 
felt  in  the  country.  We  must  live  such  lives  of  pure  devotion  to 
our  science,  that  all  shall  see  that  we  ask  for  mone3%  not  thai  we  may 
live  in  indolent  ease  at  the  expense  of  charity,  but  that  we  may  work 
for  that  which  has  advance<l  and  will  advance  the  world  more  than 
any  other  subject,  both  intellectually  and  physically.  We  must 
live  such  lives  as  to  neutralize  the  influence  of  those  who  in  liigli 
places  have  degraded  their  profession,  or  have  given  themselves 
over  to  ease,  and  do  nothing  for  the  science  which  they  represent 
Let  us  do  what  we  can  with  the  present  means  at  our  disposal. 
There  is  not  one  of  us  who  is  situated  in  the  position  best  adapts!  to 
bring  out  all  his  powers,  and  to  allow  himto  do  most  for  his  science. 
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All  have  their  difficulties,  and  I  do  not  think  that  circumstances 
will  ever  radically  change  a  man.  If  a  man  has  the  instinct  of  re- 
search in  him,  it  will  always  show  itself  in  some  form.  But 
cironmstances  may  direct  it  into  new  paths,  or  may  foster  it  so  that 
what  would  otherwise  have  died  as  a  bud  now  blossoms  and  ripens 
into  the  perfect  fruit. 

Americans  have  shown  no  lack  of  invention  in  small  things ;  and 
the  same  spirit  when  united  to  knowledge  and  love  of  science, 
becomes  the  spirit  of  research.  The  telegraph-operator,  with  his 
limited  knowledge  of  electricity  and  its  laws,  naturally  turns  his 
attention  to  the  improvement  of  the  only  electrical  instrument  he 
knows  anything  about ;  and  his  researches  would  be  confined  to 
the  limited  sphere  of  his  knowledge,  and  to  the  simple  laws  with 
wliichhe  is  acquainted.  But  as  his  knowledge  increases,  and  the 
field  broadens  before  him,  as  he  studies  the  mathematical  theory  of 
the  subject,  and  the  electro-magnetic  theory  of  light  loses  the  dim 
haze  due  to  distance,  and  becomes  his  constant  companion,  the  tele- 
graph instrument  becomes  to  him  a  toy,  and  his  effort  to  discover 
something  new  becomes  research  in  pure  science. 

It  is  useless  to  attempt  to  advance  science  until  one  has  mas- 
tered the  science :  he  must  step  to  the  front  before  his  blows  can  tell 
in  the  strife.  Furthermore,  I  do  not  believe  anybody  can  be 
thorough  in  any  department  of  science,  without  wishing  to  advance 
it.  In  the  study  of  what  is  known,  in  the  reading  of  the  scientific 
journals,  and  the  discussions  therein  contained  of  the  current  sci- 
entific questions,  one  would  obtain  an  impulse  to  work,  even 
though  it  did  not  before  exist ;  and  the  same  spirit  which  prompt- 
ed him  to  seek  what  was  already  known  would  make  him  wish  to 
know  the  unknown.  And  I  may  say  that  I  never  met  a  case  of 
thorough  knowle<ige  in  my  own  science,  exceptin  the  case  of  well- 
known  Investigators.  I  have  met  men  who  talked  well,  and  I  have 
sometimes  asked  myself  why  they  did  not  do  something ;  but 
further  knowl^lge  of  their  character  has  shown  the  superficiality 
of  their  knowledge.  I  am  no  longer  a  believer  in  men  who  could 
do  flomething  if  they  would,  or  would  do  something  if  they  had  a 
chance.  They  are  impostors.  If  the  spirit  is  there,  it  will  show 
itself  in  spite  of  circumstances. 

As  I  remarked  before,  the  investigator  in  pure  science  is  usually 
a  professor.  lie  must  teach  as  well  as  investigate.  It  is  a  ques- 
tion which  has  been  discussed  in  late  years,  as  to  whether  these 
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two  functions  had  better  be  combined  in  the  same  individual,  or 
separated.  It  seems  to  be  the  opinion  of  most,  that  a  certain 
amount  of  teaching  is  conducive,  rather  than  otherwise,  to  the 
spirit  of  research.  I  myself  thinis  that  this  is  true,  and  I  should 
myself  not  like  to  give  up  my  daily  lecture ;  but  one  mast  not  be 
overburdened.  I  suppose  that  the  true  solution,  in  many  cases, 
would  be  found  in  the  multiplication  of  assistants,  not  onl^*  for  the 
work  of  teaching  but  of  research.  Some  men  are  gifted  with  more 
ideas  than  they  can  work  out  with  their  own  hands,  and  the  world 
is  losing  much  by  not  supplying  them  with  extra  hands.  Life  is 
short :  old  age  comes  quickly,  and  the  amount  one  pair  of  hands 
can  do  is  very  limited.  What  sort  of  shop  would  that  be,  or  wh&t 
sort  of  factory,  where  one  man  had  to  do  all  the  work  with  his  owu 
hands?  It  is  a  fact  in  nature, •  which  no  democracy  can  change, 
that  men  are no^  equal, — that  some  have  brains,  and  some  hands; 
and  no  idle  talk  about  equality  can  ever  subveit  the  order  of  the 
universe. 

I  know  of  no  institution  in  this  country  where  assistants 
are  supplied  to  aid  directly  in  research  ;  3'et  wh}^  should  it  not  be 
so  ?  Even  the  absence  of  assistant  professors  and  assistants  of 
all  kinds,  to  aid  in  teaching,  is  ver}*  noticeable,  and  must  be 
remedied  before  we  can  expect  much. 

There  are  many  physical  problems,  cs[>ecially  those  requiriog 
exact  measurements,  which  cannot  be  carried  out  by  one  man,  and 
can  only  be  successfully  attacked  by  the  most  elaborate  apparatus, 
and  with  a  full  corps  of  assistants.  Such  are  liegnaalt's  experi- 
ments on  the  fundamental  laws  of  gases  and  vapors,  made  thirty 
or  forty  years  ago  by  aid  from  the  French  government,  and  which 
are  the  standanls  to  this  day.  Although  these  experiments  were 
made  with  a  view  to  the  practical  calculation  of  the  steam-engine, 
yet  they  were  carried  out  in  such  a  broad  spirit  that  they  have 
been  of  the  greatest  theoretical  use.  Again,  what  would  astron- 
omy have  done  without  the  endowment  of  observatories  ?  By  their 
means,  that  science  has  become  the  most  perfect  of  all  branches 
of  physics,  as  it  should  be  from  its  simplicit}-.  There  is  no  doubt, 
in  my  mind,  that  similar  institutions  for  otlier  branches  of  physics, 
or,  better,  to  include  the  whole  of  physics,  would  he  equally  suc- 
cessful. A  large  and  j>erfectly  equippetl  ph3'sical  laboratory  with 
its  large  revenues,  its  corps  of  professors  and  assistants,  and  its 
machine-shop  for  the  construction  of  new  apparatus,  would  be  able 


ADDRESS  Bt  H.  A.   ROWLAND.  121 

to  advance  our  science  quite  as  much  as  endowed  observatories 
have  advanced  astronomy.  But  such  a  laboratory  should  not  be 
founded  rashly.  The  value  will  depend  entirely  on  tlie  physicist  at 
its  head,  who  has  to  devise  the  plan,  and  to  start  it  into  practical 
working.  Such  a  man  will  always  be  rare,  and  cannot  always  be 
obtained.  After  one  had  been  successfully  started,  others  could 
follow ;  for  imitation  requires  little  brains. 

One  could  not  be  certain  of  getting  the  proper  man  every  time, 
but  the  means  of  appointment  should  be  most  carefully  studied  so 
as  to  secure  a  good  average.  There  can  be  no  doubt  that  the  ap- 
pointment should  rest  with  a  scientific  body  capable  of  judging  the 
highest  work  of  each  candidate. 

Should  any  popular  element  enter,  the  person  chosen  would  be 
of  the  literary-scientific  order,  or  the  dabbler  on  the  outskirts  who 
presents  his  small  discoveries  in  the  most  theatrical  manner. 
What  is  required  is  a  man  of  depth,  who  has  such  an  insight  into 
physical  science  that  he  can  tell  wheu  blows  will  best  tell  for  its 
advancement. 

Such  a  grand  laboratory  as  I  describe  does  not  exist  in  the 
world,  at  present,  for  the  study  of  physics.  But  no  trouble  has 
ever  been  found  in  obtaining  means  to  endow  astronomical  science. 
Everybody  can  appreciate,  to  some  extent,  the  value  of  an  obser- 
vatory ;  as  astronomy  is  the  simplest  of  scientific  subjects,  and  has 
very  quickly  reached  a  position  where  elaborate  instruments  and 
costly  computations  are  neccssai-y  to  further  advance.  The  whole 
domain  of  physics  is  so  wide  that  workers  have  hitherto  found 
enough  to  do.  But  it  cannot  always  be  so,  and  the  time  has  even 
DOW  arrived  when  such  a  grand  laboratory  should  be  founded. 
Shall  our  country  take  the  lead  in  this  matter,  or  shall  we  wait 
for  foreign  countries  to  go  before?  They  will  be  built  in  the 
future,  but  when  and  how  is  the  question. 

Several  institutions  are  now  putting  up  laboratories  for  physics. 
They  are  mostly  for  teaching,  and  we  can  expect  onl^-  a  compara- 
tively small  amount  of  work  from  most  of  them.  But  they  show 
progress ;  and,  if  the  progress  be  as  quick  in  this  direction  as  in 
others,  we  should  be  able  to  see  a  great  change  before  the  end  of 
our  lives. 

As  stated  before,  men  are  influenced  by  the  sympathy  of  those 
with  whom  they  come  in  contact.  It  is  impossible  to  change  public 
opinion  in  our  favor  immediately ;  and,  indeed,  wc  must  always 
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seek  to  lead  it,  and  not  be  guided  by  it.  For  pure  science  is  the 
pioneer  who  must  not  hover  about  cities  and  civilized  countries, 
but  must  strike  into  unknown  forests,  and  climb  tlie  hitherto  inac- 
cessible mountains  which  lead  to  and  command  a  view  of  the 
promised  land, —  the  land  which  science  promises  us  in  the  future; 
which  shall  not  only  flow  with  milk  and  honey,  but  sliall  give  us  a 
better  and  more  glorious  idea  of  this  wonderful  universe.  We 
must  create  a  public  opinion  in  our  favor,  but  it  need  not  at  first 
be  the  general  public.  We  must  be  contented  to  stand  aside,  and 
see  the  honors  of  the  world  for  a  time  given  to  our  inferiors ;  and 
must  be  better  contented  with  the  approval  of  our  own  consciences, 
and  of  the  very  few  who  are  capable  of  judging  our  work,  than  of  the 
whole  world  beside.  Let  us  look  to  the  other  ph^'sicists,  not  in 
our  own  town,  not  in  our  own  countr^^  but  in  the  whole  world,  for 
the  words  of  praise  which  are  to  encourage  us,  or  the  words  of 
blame  which  are  to  stimulate  us  to  renewed  effort.  For  what  to  us 
is  the  praise  of  the  ignorant?  Let  us  join  together  in  the  bonds  of 
our  scientific  societies,  and  encourage  each  other,  as  we  are  now 
doing,  in  the  pursuit  of  our  favorite  study ;  knowing  that  the  world 
will  sometime  recognize  our  services,  and  knowing,  also,  that  we 
constitute  the  most  important  element  in  human  progress. 

But  danger  is  also  near,  even  in  our  societies.     When  the  aver- 
age tone  of  the  society  is  low,  when  the  highest  honors  are  given 
to  the  mediocre,  when  third-class  men  are  held  up  as  examples, 
and  when  trifling  inventions  are  magnified  into  scientific  discover- 
ies, then  the  influence  of  such  societies  is  prejudicial.     A  young 
scientist  attending  the  meetings  of  such  a  society  soon  gets  per- 
verted ideas.    To  his  mind,  a  molehill  is  a  mountain,  and  the 
mountain  a  molehill.     The  small  inventor  or  the  local  celebrity 
rises  to  a  greater  height,  in  his  mind,  than  the  great  leader  of 
science  in  some  foreign  land.     He  gauges  himself  b}'  the  molehill, 
and  is  satisfied  with  his  stature ;  not  knowing  that  he  is  but  an 
atom  in  comparison  with  the  mountain,  until,  perhaps,  in  old  age, 
when  it  is  too  late.     But,  if  the  size  of  the  mountain  had  been 
seen  at  fii*8t,  the  young  scientist  would  at  least  have  been  stima- 
latod  in  his  endeavor  to  grow. 

We  cannot  all  be  men  of  genius ;  but  we  can,  at  least,  point 
them  out  to  those  around  us.  We  may  not  be  able  to  benefit 
science  much  ourselves ;  but  we  can  have  high  ideals  on  the  sub- 
ject, and  instil  them  into  those  with  whom  we  come  in  contact. 
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For  the  good  of  ourselves,  for  the  ^ood  of  our  country,  for  the 
good  to  the  world,  it  is  incumbent  on  us  to  form  a  true  estimate 
of  the  worth  and  standing  of  persons  and  things,  and  to  set  be- 
fore our  own  minds  all  tliat  is  great  and  good  and  noble,  all  that 
is  most  important  for  scientific  advance,  above  the  mean  and  low 
and  unimportant. 

It  is  very  often  said,  that  a  man  has  a  right  to  his  opinion. 
This  might  be  true  for  a  man  on  a  desei*t  island,  whose  error 
would  influence  only  himself;  but  when  he  opens  his  lips  to  in- 
struct others,  or  even  when  he  signifies  his  opinions  by  his  daily 
life,  then  ho  is  directly  responsible  for  all  his  eiTOrs  of  judgment 
or  fact.  He  has  no  right  to  think  a  molehill  as  big  as  a  moun- 
tain, nor  to  teach  it,  any  more  than  he  has  to  think  the  world  is 
flat,  and  teach  that  it  is  so.  The  facts  and  laws  of  our  science 
have  not  equal  importance,  neither  have  the  men  who  cultivate  the 
science  achieved  equal  results.  One  thing  is  greater  than  another, 
and  we  have  no  right  to  neglect  the  order.  Thus  shall  our  minds 
be  guided  aright,  and  our  efforts  be  toward  that  which  is  the 
highest. 

Then  shall  we  see  that  no  physicist  of  the  first  class  has  ever  ex- 
isted in  this  country,  that  we  must  look  to  other  countries  for  our 
leaders  in  that  subject,  and  that  the  few  excellent  workers  in  our 
country  must  receive  many  accessions  from  without  before  they 
can  constitute  an  American  science,  or  do  their  share  in  the 
world's  work. 

But  let  me  return  to  the  subject  of  scientific  societies.  Here 
American  science  has  its  hardest  problem  to  contend  witli.  There 
are  very  many  local  societies  dignified  by  high-sounding  names, 
each  having  its  local  celebrity,  to  whom  the  privilege  of  describing 
some  crab  with  an  extra  claw,  which  he  found  in  liis  morning 
ramble,  is  inestimable.  And  there  are  some  academies  of  science, 
situated  at  our  seats  of  learning,  which  are  doing  good  work  in 
their  locality.  But  distances  are  so  great  that  it  is  difficult  to  col- 
lect men  together  at  any  one  point.  The  American  Association, 
which  we  are  now  attending,  is  not  a  scientific  academy,  and  does 
not  profess  to  be  more  than  a  gathering  of  all  who  are  inter- 
ested in. science,  to  read  papers  and  enjoy  social  intercourse. 
The  National  Academy  of  Sciences  contains  eminent  men  from 
the  whole  country,  but  then  it  is  only  for  the  purpose  of  advising  the 
government  freely  on  scientific  matters.    It  has  no  building,  it  has 
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no  libraiy  ;  and  it  publishes  nothing  except  the  information  which 
it  freely  gives  to  the  government,  which  does  nothing  for  it  in  re- 
turn. It  has  not  had  much  effect  directly  on  American  science ; 
but  the  liberality  of  the  government  in  the  way  of  ecicntidc  exi)e- 
ditions,  publications,  etc.,  is  at  least  partly  due  to  its  influence, 
and  in  this  way  it  has  done  much  good.  But  it  in  no  way  takes 
the  place  of  the  great  Royal  society',  or  the  great  academies  of 
science  at  Paris,  Berlin,  Vienna,  St.  Petersburgh,  Munich,  and, 
indeed,  all  the  European  capitals  and  large  cities.  These,  by  their 
publications,  give  to  the  young  student,  as  well  as  to  the  more 
advanced  physicist,  models  of  all  that  is  considered  excellent ;  and 
to  become  a  member  is  one  of  the  highest  honors  to  which  he  can 
aspire,  while  to  write  a  memoir  which  the  academy  considers 
worthy  to  be  published  in  its  transactions  excites  each  one  to  his 
highest  effort. 

Tiic  American  Academy  of  Sciences  in  Boston  is  perhaps  our  near- 
est representation  of  this  class  of  academies,  but  its  limitation  of 
membership  to  the  state  deprives  it  of  a  national  chaiacter. 

But  there  is  another  matter  which  influences  the  growth  of  our 
science. 

As  it  is  necessary  for  us  still  to  look  abroad  for  our  highest  in- 
spiration in  pure  science,  and  as  science  is  not  an  affair  of  one 
town  or  one  country,  but  of  the  whole  world,  it  becomes  us  all  to  read 
the  current  journals  of  science  and  the  great  transactions  of  foreign 
societies,  as  well  as  those  of  our  own  countries.  These  great 
transactions  and  journals  should  be  in  the  library  of  ever3'  institu- 
tion of  learning  in  the  countr^^  where  science  is  taught.  How  cAn 
teachers  and  professors  be  expected  to  know  what  has  been  dis- 
covered in  the  past,  or  is  being  discovered  now,  if  these  are  not 
provided  ?  Has  any  institution  a  right  to  starve  mentally  the 
teachers  whom  it  employs,  or  the  students  who  come  to  it  ?  There 
can  be  but  one  answer  to  this;  and  an  institution  calling  itself  a 
university,  and  not  having  the  current  scientific  journals  upon  its 
table  or  the  transactions  of  societies  upon  its  librar^'-shelves,  is 
certainly  not  doing  its  best  to  cultivate  all  that  is  best  in  this 
world. 

We  call  this  a  free  country',  and  yet  it  is  the  onl}'  one  where 
there  is  a  direct  tax  upon  the  pai*suitof  science.  The  low  state  of 
pure  science  in  our  countiy  may  possibly  be  attributed  to  the 
youth  of  the  country ;  but  a  direct  tax,  to  prevent  the  growth  of 
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our  conntry  in  that  subject,  cannot  be  looked  upon  as  otber  than 
a  deep  disgrace.  I  refer  to  the  duty  upon  foreign  books  and  peri- 
odicals. In  our  science,  no  books  above  elementary  ones  have 
ever  been  published,  or  are  likely  to  be  published  in  this  country ; 
and  yet  every  teacher  in  physics  must  have  them,  not  only  in  the 
college  library,  but  on  his  own  shelves,  and  must  pay  the  govern- 
ment of  this  country  to  allow  him  to  use  a  portion  of  his  small  sal- 
ary to  buy  that  which  is  to  do  good  to  the  whole  country.  All 
freedom  of  intercourse  which  is  necessary  to  foster  our  growing 
science  is  thus  broken  off,  and  that  which  might,  in  time,  relieve 
our  country  of  its  mediocrity,  is  nipped  in  the  bud  by  our  govern- 
ment, which  is  most  liberal  when  appealed  to  directly  on  scientific 
subjects. 

One  would  think  that  books  in  foreign  languages  might  be  ad- 
mitted free;  but  to  please  the  half-dozen  or  so  workmen  who 
reprint  German  books,  not  scientific,  our  free  intercourse  with 
that  country  is  cut  off.  Our  scientific  associations  and  societies 
must  make  themselves  heard  in  this  matter,  and  show  those  in 
aathority  how  the  matter  stands. 

In  conclusion,  let  me  say  once  more,  that  I  do  not  believe  that 
our  country  is  to  remain  long  in  its  present  position.  The  science 
of  physics,  in  whose  applications  our  country  glories,  is  to  arise 
among  us,  and  make  us  respected  by  the  nations  of  the  world. 
Such  a  prophecy  may  seem  rash  with  regard  to  a  nation  which 
does  not  yet  do  enough  physical  work  to  support  a  physical  journal. 
But  we  know  the  speed  with  which  we  advance  in  this  country : 
we  see  cities  springing  up  in  a  night,  and  other  wonders  performed 
at  an  unprecedented  rate.  And  now  we  see  physical  laboratories 
being  built,  we  see  a  great  demand  for  thoroughly  trained  physi- 
cists, who  have  not  shirked  their  mathematics,  both  as  professors 
and  in  so-called  practical  life ;  and  perhaps  we  have  the  feeling, 
common  to  all  true  Americans,  that  our  country  is  going  forward 
to  a  glorious  future,  when  we  shall  lead  the  world  in  the  strife  for 
intellectual  prizes  as  we  now  do  in  the  strife  for  wealth. 

But  if  this  is  to  be  so,  we  must  not  aim  low.  The  problems  of 
the  universe  cannot  be  solved  without  labor ;  they  cannot  be 
attacked  without  the  proper  intellectual  as  well  as  ph3'sical  tools ; 
and  no  physicist  need  expect  to  go  far  without  his  mathematics. 
No  one  expects  a  horse  to  win  in  a  great  and  long  race  who  has 
not  been  properly  trained ;  and  it  would  be  folly  to  attempt  to  win 
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with  one,  however  pure  his  blood  and  high  his  pedigree,  without  it. 
The  problems  we  solve  are  more  difficult  than  any  race ;  the  high- 
est intellect  cannot  hope  to  succeed  without  proper  preparation. 
The  great  prizes  are  reserved  for  the  greatest  efforts  of  the 
greatest  intellects,  who  iiave  kept  their  mental  eye  bright  and 
flesh  hard  by  constant  exercise.     Apparatus  can  be  bought  with 
money,  talents  may  come  to  us  at  birth ;  but  our  mental  tools, 
our  mathematics,  our  experimental  ability,  our  knowledge  of 
what  others  have  done  before  us,  all  have  to  be  obtained  by  work. 
The  time  is  almost  past,  even  in  our  own  country,  when  third-rate 
men  can  And  a  place  as  teachers,  because  they  are  unfit  for  every- 
thing else.     We  wish  to  see  brains  and  learning,  combined  with 
energ}^  and  immense  working  power,  in  the  professor's  chair ;  bat, 
above  all,  we  wish  to  see  that  high  and  chivalrous  spirit  which 
causes  one  to  pursue  his  idea  in  spite  of  all  difficulties,  to  work  at 
the  problems  of  nature  with  the  approval  of  his  own  conscience, 
and  not  of  men  before  him.    Let  him  (it  himself  for  the  struggle 
with  all  the  weapons  which  mathematics  and  the  experience  of 
those  gone  before  him  can  furnish,  and  let  him  enter  the  arena 
with  the  fixed  and  stern  purpose  to  conquer.     Let  him  not  be  con- 
tented to  stand  back  with  the  crowd  of  mediocrity,  but  let  him 
press  forward  for  a  front  place  in  the  strife. 

The  whole  universe  is  before  us  to  study.  The  greatest  labor  of 
the  greatest  minds  has  only  given  us  a  few  pearls ;  and  ^'et  the 
limitless  ocean,  with  its  hidden  depths  filled  with  diamonds  and 
precious  stones,  is  before  us.  The  problem  of  the  universe  is  yet 
unsolved,  and  the  myster}^  involved  in  one  single  atom  j-et  eludes 
us.  The  field  of  research  only  opens  wider  and  wider  as  we  ad- 
vance, and  our  minds  are  lost  in  wonder  and  astonishment  at  the 
grandeur  and  beauty  unfolded  before  us.  Shall  we  help  in  this 
grand  work,  or  not?  Shall  our  country  do  its  share,  or  shall  it 
still  live  in  the  almshouse  of  the  world? 
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Determtnation  op  the  relation  between  the  Imperial  Yard 
AND  the  Metre  of  the  Archives.  By  William  A.  Rogers 
of  Cambridge,  Mass. 

[AB8TBAGT.] 

This  paper  was  a  continnation  of  one  upon  the  same  subject 
presented  at  the  Montreal  meeting.  The  mean  result  of  the 
determinations  up  to  that  time  was  as  follo.ws:  Imperial  Yard 
+  3.37015  inches  =  Metre  des  Archives. 

The  writer  stated  at  that  time,  that  he  should  not  like  to  be  held 
to  a  very  strict  account  with  regard  to  the  last  decimal  figure,  or 
even  the  last  two  decimal  figures,  on  account  of  the  diflSculty  of 
obtaining  the  requisite  data. 

Since  the  meeting  last  year,  additional  data  have  been  obtained. 
In  February  of  the  present  year,  a  combined  yard  and  metre  was 
received  from  Paris.  The  yard  was  compared  with  the  Imperial 
Yard,  in  1880,  by  Mr.  Chaney,  the  Warden  of  the  Imperial  Stand- 
ards. During  the  interval  between  1880  and  February  of  the 
present  year,  this  metre  has  received  repeated  comparisons  with 
the  metre  of  the  International  Bureau,  under  the  direction  of  Dr. 
Pernet.  According  to  his  report,  this  metre  is  810  mikrons  too 
short  at  0°  centigrade ;  for  the  same  temperature,  the  yard  was 
found  by  Mr.  Chaney  to  be  20.7  mikrons  too  short. 

Comparing  the  metre  and  the  yard  upon  this  bar  with  the  bronze 
yard  and  metre  described  at  Montreal,  and  combining  the  results 
with  those  previously  found,  the  relation  was  found  as  follows : 
Imperial  Yard  +  3.37027  inches  =  Metre  des  Arcliives. 

The  details  of  the  investigation  will  be  found  in  the  Proceedings 
of  the  American  Academy  of  Arts  and  Sciences  for  1888. 
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The  Magnetophone,  ok  the  modification  of  the  Maonetic 
Field  bt  the  rotation  of  a  perforated  Metallic  Disk. 
By  II.  S.  Cauhart  of  EyanstoD,  111. 

[ABSTRACT.!] 

The  experiments  of  Bell,  Preece,  and  others,  on  the  radiophone, 
suggested  the  possibility  of  interrupting,  or  at  least  periodically 
modifying,  the  lines  of  force  proceeding  from  the  poles  of  a  magnet, 
by  means  of  a  disk  of  sheet-iron,  perforated  with  a  series  of 
equidistant  holes,  and  rotated  so  that  the  holes  should  pass  directly 
in  front  of  the  magnetic  pole.  It  is  well  known  that  the  armature 
placed  on  the  poles  of  a  permanent  magnet  diminishes  the  strength 
of  the  external  field  of  force  by  furnishing  superior  facilities  for 
the  formation  of  polarized  chains  of  particles  from  pole  to  pole. 
This  is  the  case  even  when  the  armature  does  not  touch  the  poles, 
but  is  in  close  proximity  to  them. 

If  a  piece  of  sheet-iron  be  placed  over  the  poles  of  a  magnet 
without  touching,  and  magnetic  cur\'es  be  developed  on  paper 
above  the  iron,  they  will  be  found  to  exhibit  less  intense  and  less 
sharpl}'  defined  magnetic  action  than  when  the  sheet-iron  is  re- 
moved. If,  however,  a  small  hole  be  drilled  directly  over  each 
magnetic  pole,  the  screening  action  of  the  sheet-iron  is  modified 
in  much  the  same  way  as  when  a  hole  is  made  in  a  screen  opaque 
to  light ;  for  the  developed  curves  show  distinctly'  the  outline  of 
the  holes.  If,  therefore,  the  sheet-iron  in  the  form  of  a  circular 
plate,  pierced  with  a  number  of  holes,  be  rapidly  rotated  between 
the  pole  of  a  magnet  and  a  small  induction  bobbin,  the  action  of 
the  magnet  on  the  core  of  the  bobbin  will  be  periodically  modi- 
fied, because  of  the  passing  holes ;  and  hence  induced  currents 
will  fiow  through  a  circuit  including  the  bobbin.  A  disk  of  sheet- 
iron  was  pierced  with  two  circles  of  quarter-inch  holes  concentric 
with  the  disk,  the  number  of  holes  in  the  two  circles  being  thirty- 
two  and  sixty-four  respectively.  On  one  side  of  the  disk  was 
placed  a  horseshoe  magnet  with  its  poles  very  near  the  rows  of 
holes  ;  on  the  other  side  were  arranged  two  corresponding  induction 
bobbins.  The  circuit  was  completed  through  a  telephone  and 
either  bobbin  at  pleasure.    Upon  rotating  the  disk  rapidly,  a  clear 
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roasical  sound  was  produced  in  the  telephone,  the  pitch  rising  with 
the  rapidity  of  rotation.  Moreover,  the  bobbin  opposite  the  circle 
of  sixty-four  holes  gave  the  octave  above  the  other,  and  each  gave 
a  note  of  the  same  pitch  as  was  produced  by  blowing  a  stream  of 
air  through  the  corresponding  holes. 

Non-magnetic  metallic  disks  produce  similar  musical  notes  by 
the  periodic  modification  of  the  magnetic  field  by  means  of  the 
distortion  or  bending  of  the  lines  of  force.  A  periodic  movement 
of  the  lines  of  force  will  take  place  when  the  disk  rotates,  because 
the  solid  parts  deflect  the  lines  in  the  direction  of  the  rotation, 
while  the  passage  of  a  hole  allows  them  to  fall  back. 


Magnetic  Survey  of  Missouri.     By  F.  E.  Nipher  of  St.  Louis, 
Missouri. 

[IBSTBAOT.] 

In  the  spring  of  1878  a  survey  of  Missouri  was  begun,  which 
was  expected  to  determine  all  points  in  regard  to  terrestrial  mag- 
netism :  160  points  have  been  covered.  The  work  was  undertaken 
under  private  auspices,  most  of  the  money  tendered  unasked,  and 
the  work  has  been  carried  on  successfully  until  the  present  time. 
The  first  three  years  were  spent  in  making  a  preliminary  survey. 
In  the  early  part  of  the  survey  we  labored  under  great  difficulties, 
because  I  supposed  that  the  lines  of  equal  value,  laid  down  upon 
the  observations  given  in  the  coast-survey  charts,  were  substan- 
tially correct ;  so  that  time  was  frequently  lost  in  repeating  values 
at  stations  left  behind,  in  order  to  be  certain  that  no  error  had  been 
committed.  But  when  we  settled  down  to  the  conclusion  that  we 
really  knew  nothing  about  the  matter,  we  had  very  much  less 
trouble.  At  first,  intensity  determinations  were  made  at  each 
station ;  but  in  later  years,  since  the  magnets  have  proved  so 
satisfactory,  the  plan  was  adopted  of  making  absolute  determina- 
tions only  at  regular  intervals  during  the  summer.  The  tempera- 
lore  corrections  for  the  magnet  were  made  twice, —  once  in  1878, 
and  once  two  years  ago, —  and  they  agreed  very  closely  with  each 
other. 
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The  dip  circle  was  a  large  one,  snch  as  was  formerly  mcch  used, 
and  wliicli  was  found  to  be  an  excellent  instrument,  thoagli  rather 
clumsy  to  carry.  The  charts  which  have  been  prepared  show  what 
the  results  were.    In  a  former  communication  to  the  association 
at  Cincinnati,  I  suggested  an  explanation  of  the  peculiar  flexures 
of  the  isogonic  lines,  as  being  due  to  earth-currents  which  seemed 
to  be  deflected  by  the  moist  river- valleys.    The  map  upon  which 
that  hypothesis  was  based  represented  observations  taken  over  the 
entire  state.    By  re-determination  we  have  found  that  those  obser- 
vations were  all  correct ;  but  more  detailed  work  shows  that  this 
explanation  is  not  admissible.     There  is  no  evidence  of  the 
fact  that  contour  has  anything  to  do  with  the  deviation  of  the 
needle  from  the  normal  values.     Similar  flexures  are  also  seen  In 
the  lines  of  equal  inclination  and  the  lines  of  intensity.    One  and 
perhaps  two  years  will  be  required  to  accomplish  the  work  proper- 
I3'.    There  is  nothing  new  in  the  subject,  except  the  rather  unex- 
pected flexures  which  we  found  in  these  lines.    It  shows  very 
clearly  that  the  isogonic  lines  which  are  published  for  the  use  o£ 
surveyors  are  of  no  earthly  use.     Work  ought  to  be  done  in  a 
detailed  way  over  the  whole  country ;  and  I  hope  we  shall  some 
time  be  able  to  combine  with  these  determinations  a  series  of 
magnetic  values  at  ten  or  twelve  different  stations  in  the  state  of 
Missouri,  and  also  simultaneous  determinations  of  earth-currents 
upon  lines  making  angles  with  each  other  at  the  different  stations. 
Similar  variations  would  probabl}^  be  found  in  the  states  of  Illinois 
and  Iowa. 


A  Method  of  distributino  Weather  Forecasts  bt  means  or 
Railways.    By  T.  C.  Mendenhall  of  Columbus,  Ohio. 

1.AB8TRACT.] 

This  system  has  only  been  in  operation  in  Ohio  for  about  a 
year.  .  To  distribute  forecasts,  we  place  signals  upon  the  sides  of 
the  baggage-cars,  as  distinct  as  possible  from  each  other,  so  as  to 
be  easily  recognized  at  considerable  distances,  and  also  to  convey 
as  much  meaning  as  possible,  so  as  to  predict  as  many  diflerent 
conditions.    We  adopted  a  combination  of  form  and  color.    The 
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sisals  are  three  in  number  as  to  form,  and  two  in  number  as  to 
color.  The  red  signals  are  confined  to  predictions  as  to  tem|)era- 
ture, —  rise  in  temperature,  stationary  temperature,  falling  tem- 
perature. The  other  color  is  blue,  and  that  is  confined  to  predic- 
tions in  regard  to  the  general  state  of  the  weather.  The  question 
of  form  was  a  good  deal  considered,  and  three  forms  were  adopted. 
We  adopted  the  sun,  moon,  and  star,  because  ever3'body  was 
familiar  with  those  words.  We  experimented  with  the  triangle, 
and  finally  rejected  it.  The  device  for  attacliing  to  the  car  is  due 
to  Mr.  Anderson,  who  has  been  in  the  service  of  the  tK>ard  of 
commissioners  for  the  past  year,  and  it  is  a  really  happy  device. 
The  signal  is  made  as  large  as  possible,  and  the  disk  can  be  seen 
a  long  distance.  The  red  sun  and  blue  moon  mean  higher  temper- 
ature and  general  rain.  The  crescent  means  lower  temperature ; 
the  full  disk  of  blue  means  general  rain ;  the  star  represents  local 
rains.  With  regard  to  the  proper  working  of  the  system,  though 
it  has  been  in  operation  but  a  short  time,  it  has  really  done  good 
work.  We  receive  special  telegrams  every  morning,  and  they  are 
transmitted  to  the  train-despatchers  at  five  o'clock.  We  are  as 
3'et  operating  it  only  on  one  railroad.  It  happens,  fortunately,  that 
tliat  road  goes  through  an  agricultural  region  of  considerable  im- 
portance. It  is  the  road  connecting  the  cities  of  Columbus  and 
Cleveland.  Two  trains  start  out  in  the  morning,  at  the.  middle 
point  between  those  cities.  The  signals  are  put  on  the  cars  at 
five  o'clock  in  the  morning  ;  and  as  they  run  through  the  morning 
hours,  the  farmers  along  the  line  can  have  an  opportunity  of  see- 
ing them,  and  predicting  the  weather  for  the  day.  The  railway 
company  circulated  through  the  whole  Irne  little  cards,  having 
these  signals  displayed  in  colors,  with  their  meaning  in  every 
combination.  This  helps  us,  because  it  enables  everybody  to  under- 
stand what  is  meant.  A  recent  communication  from  Gen.  JIazen 
indicates  a  disposition  on  the  part  of  the  general  government 
to  take  hold  of  the  matter,  and  bring  it  into  general  operation  as 
far  as  possible.  Postal*cards  have  been  sent  to  various  persons 
along  the  line,  with  questions  in  regard  to  the  practical  working 
of  the  system,  which  are  answered  and  sent  in  at  the  end  of  every 
week;  and  we  find,  that,  on  the  average,  eighty  per  cent  of  the 
predictions  are  verified. 
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Plan  for  a  State  Weather  Service.    By  F.  £.  Nipher  of  St 
Louis,  Mo. 

[AB8TBACT.] 

While  a  good  many  are  accommodated  by  the  weather-signals 
which  Professor  Mendenhali  has  already  inaugurated,  many  live  a 
distance  from  the  railroad,  and  cannot  be  interested  in  a  scheme 
which  makes  it  necessary  to  travel  eight  or  ten  miles  to  learn 
about  the  weather,  because  they  might  be  interested  in  a  different 
kind  of  weather  by  the  time  they  got  home.     The  information 
might  be  most  easily  circulated  by  telegraphing  from  picket-sta- 
tions to  the  westward.     There  might  be  a  line  of  stations  on  the 
railroad  north  and  south  ;  and  stations  might  be  found  necessary 
in  Nebraska,  which  would  give  immediate  warning  to  the  central 
office  whenever  it  began  to  rain  at  the  station  ;  and  a  code  might 
be  arranged,  so  as  to  give  the  idea  of  the  o(>erator  as  to  the  prob- 
able violence  or  duration  of  the  rain.     Of  course  it  would  be  nec- 
essary to  make  special  study  of  the  general  laws  for  the  progi*ess 
of  summer  rains.      Supposing  the  information  is  telegmphed  to 
the  central  station,   the  predictions  can  easily  be  made  out  as 
soon  as  the  picket-stations  could  be  reached,   and  a  clear  idea  ob- 
tained as  to  the  probable  direction  of  the  storm,  and  the  time  at 
which  it  would  reach  the  different  portions  of  the  state.    That 
information  could  be  transmitted  by  the  railway  companies.    Fi- 
nally', we  should  make  more  intimate  connection  between  these 
and    private  telegraph-lines  which  can    be  constructed  by  the 
persons   who  are   to  be  served  with  the  weather  signals.     This 
plan  contemplates  the  erection  of  private  telegraph-lines  leading 
in  from  the  country  to  the  stations.     Upon  a  twenty-mile  line, 
which  would  be  a  frequent  length  in  Missouri,  ten  farmei'S  will 
have  to  pay  for  the  erection  of  a  couple  of  miles  of  wire,  which 
can  be  put  up  for  $30  a  mile,  and  the  instruments.     Some  person 
could  be  sent  from  the  vicinity  to  the  director  of  the  service,  and 
instructions  given  him  in  regard  to  the  manner  of  operating  the 
line  and  the  management  of  the  batteries.     The  cost  of  the  line, 
therefore,  to  each  farmer,  would  be,  say,  $75,  which  might  be  dis- 
tributed over  ten  years.     Mr.  Nipher  stated  that  in  several  locali- 
ties the  farmers  will  undertake  it  just  as  soon  as  the  information 
can  be  furnished  them.     At  the  stations  the  lines  could  easily  be 
made  to  terminate  in  the  store  of  some  merchant,  who  is  anxious 
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to  secure  the  trade  of  the  people  on  the  line.  This  can  be  done 
at  once  in  Missouri.  The  only  thing  necessary  is  for  the  state 
to  appropriate  a  small  amount  of  money  to  supply  the  persons 
with  instruments  for  observations,  rain-gauges,  etc.  The  two 
things  necessary  to  make  it  successful  are  information  as  to  rain« 
fall,  and  time  of  beginning  and  ending  of  rains. 


The  extension  of  the  Theobeh  of  tbeVisial  to  Botabt  Os* 
ciLLATiON.    By  H.  T.  Eddy  of  Cincinnati,  Ohio. 


A  METHOD  FOB  THE  CaLIBEATION  OF  A  GaLYANOHBTEB.      By  B.    F. 

Thomas  of  Columbia,  Mo. 

[▲BSTHACT.] 

A  battebt  of  any  sort  is  joined  in  circuit  with  a  sensitive  gal- 
Tanoscope  H^  a  galvanometer  G^  and  any  variable  resistance  22. 
When  the  circuit  is  closed  at  K^  the  current  is  so  adjusted  by 
varying  R^  as  to  give  the  highest  desirable  deflection  of  the 
galvanometer  needle.  The  needle  of  H  will  be  forced  against  the 
stops.    By  means  of  magnets  m  and  m,  the  needle  of  H  is  brought 
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back  to  zero.  If  these  magnets  and  tlie-  galvanoscope  be  undis- 
turbed, the  original  current  strength  will  be  indicated  when  the 
needle  stands  at  zero,  whatever  changes  may  have  been  made  in 
the  circuit.    If  now  the  shunt  8  be  connected  at  1,  2,  and  the  re* 
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sistance  of  the  shunt  is  made  equal  to  that  of  the  galvanometer 
(previousl}'  determined),  and  the  needle  of  H  brought  back  to  zero 
by  increasing  R^  a  new  deflection  of  the  galvanometer  needle  will 
be  produced,  the  deflection  being  that  due  to  a  current  of  one^half 
the  strength  of  the  original  current.  By  giving  to  S  values  equal  to 
8,  3,  2, 1,  j^,  ^,  ^,  etc.,  times  the  resistance  of  G,  and  bringing  the 
needle  of  H  to  zero  each  time,  deflections  of  G  will  result,  due 
to  currents  whose  strength  are  as  1,  f ,  §,  •},  ^,  J-,  j-,  etc.  The 
curve  is  then  plotted  with  deflections  and  current  strengths  as  co- 
ordinates. Any  desired  number  of  points  in  the  curve  may  be 
obtained  by  giving  S  the  proper  values.  The  calibration  may  be 
checked  by  making  a  new  adjustment  for  the  unit  current,  so 
that  the  deflection  of  G  shall  be  about  two-thirds  the  first  deflec- 
tion, and  proceeding  as  above.  Plotting  the  new  values  obtained, 
the  curves  will  coincide  if  the  work  is  correct.  If  it  be  found  de- 
sirable, the  battery  may  be  exchanged  for  another  during  the 
determination. 


Two  FORMS  OF  Apparatus  for  Botle's  Law.    By  B.  F.  Thoxas 
of  Columbia,  Mo. 

lABSTRACT.] 

These  pieces  are  intended  to  enable  one  to  adjust  with  accuracy 
and  ease  the  mass  of  air  to  be  experimented  upon. 
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V  is  an  iron  cistern  into  which  the  open  or  pressure  tube  0,  the 
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closed  tube  C7,  and  the  reversible  air-syringe  S  are  screwed  air- 
tight, and  the  cistern  nearly  filled  with  mercury.  The  syringe 
being  connected  for  exhausting,  and  operated,  air  is  withdrawn 
from  C,  until  the  mercury  sinks  to  the  bottom  of  the  open  tube, 
when  air  escapes  from  it,  and  rises  through  the  mercury.  No 
more  air  can  be  withdrawn  from  C  The  mass  of  air  remaining  in 
C  will  evidently  depend  on  the  difference  in  depth  of  immersion 
of  C  and  0.  Let  d  =  this  difference,  and  let  it  be  required  to 
find  such  a  value  of  d  as  will  permit  Just  enough  air  to  remain  in 
C  to  fill  it  from  the  zero  of  the  scale,  when  at  atmospheric  pressure 
JHT.  Let  L  =  length  of  C  from  top  to  zero,  and  let  Z'  =  the  length 
from  zero  to  the  open  end  of  C.  If  now  the  mass  of  air  which 
will  fill  the  length  Z  at  J7  be  expanded  to  fill  the  length  T,  the 

HI 
pressure  //'  at  the  bottom  of  C  by  Boyle's  law  is  H'  =    _.      . 

The  pressure  at  the  open  end  of  O  =  IT.  The  difierence  in 
pressure  at  the  ends  of  C  and  0  is  that  due  to  a  column  (d)  of 
mercury.    Hence  H'  z=.  JI  —  d. 

T.         .         rr        ^  HI  ,  HI' 

Equating,  H—d  =  yrryr  •   .  '  .  a  =  yq-jr- 

On  reversing  the  syringe,  and  forcing  air  in,  the  mercury  will  be 
found  to  rise  and  stand  at  zero  in  both  tubes  together.  The 
demonstration  is  continued  by  forcing  in  more  air. 

A  second  foim  consists  of  two  glass  tubes  connected  by  a  strong 
rubber  tube,  and  mounted  on  a  stand  with 
scales.  The  closed  tube  C  is  sealed  into  the 
screw-cover  of  an  iron  cistern  D,  Mercury 
being  poured  in,  it  will  expel  the  air  in  2), 
and  rise  in  an  open  screw-hole  S  in  the  cover. 
The  hole  being  sealed  by  insertion  of  the 
screw,  and  O  lowered,  the  air  in  C  expands, 
filling  C  and  Z>.  On  raising  0,  the  mercury 
rises,  and  cuts  off  communication  between  C 
and  Z>,  preventing  the  return  of  some  of  the 
air.  By  making  D  of  proper  volume,  the 
desired  mass  of  air  will  remain  in  C.  Let 
the  volume  of  C  above  the  zero  =  F.  Let  the  entire  volume 
of  C=  F',  and  the  volume  of  D  above  the  open  end  of  C 
=  F".  Following  the  above  steps  it  will  be  seen  that  a  volume 
F'  at  H  becomes  a  volume  V  +  V"  at  H' ;  also  that  a  volume 
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V  si  H  becomes  a  volume  V  at  H\  Hence  the  proportion 
r  :   F'   : :   F'   :   P  +   F",  .  •  .   F"  =  (F'  —  V)~y-.  Tbeuse 

of  the  rubber  tube  is  not  new.  This  form  is  convenient  because  it 
answers  for  demonstrating  the  law  at  pressures  above  and  below 
one  atmosphere.  Of  course,  for  the  latter,  the  air  in  D  must  be 
removed  through  S  as  at  first. 


A  Method  op  determining  the  Centre  of  Gravitt  of  a  Mass. 
By  B.  F.  Thomas  of  Columbia,  Mo. 

lABSTBACT.] 

A  BAR,  L  X,  is  balanced  on  a  knife-edge,  F^  so  as  to  form  a 
very  sensitive  balance.  The  body,  By  of  mass,  3f,  is  placed  with 
a  marked  point  in  contact  with  a  fine  point,  d;  and  another  body 

Fig.  1. 
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■ 

of  mass,  W^  is  placed  at  ^,  so  as  to  nearly  balance  B.  A  small 
body  of  mass,  p,  is  placed  at  ^S^,  to  complete  equilibrium.  B  is 
then  rotated  180°  horizontally,  bringing  its  marked  spot  in  contact 
with  a  second  fixed  point,  e.  Equilibrium  is  restored  by  placing 
p  at  R.  The  equations  of  moments  in  the  two  positions  are,  re- 
spectively,— 

WX  AF  +  p  X  SF=M{F\i  +  dc); 
(c  being  the  centre  of  gravity)  ;  and 

WX  AF  +  p  X  BFz=M(Fe  —  dc);  {ec  =  dc). 
Subtracting  the  first  equation  from  the  second, — 

pX  BS  =  M  {de—2  cd)  ; 

de        pX  BS 

,  *  ,  cd  =  —  —  ^ : 

2  2M     ' 

cd  is  therefore  the  distance  from  the  marked  spot  to  a  vertical 

plane  containing  the  centre  of  gravity.     Taking  a  second  marked 

spot  in  the  plane  thus  found,  the  operation  is  repeated,  with  the 

plane  horizontal.     This  ^ives  a  second  plane  through  the  centre 

of  gravity.     A  third  operation,  with  the  intersection  of  the  two 

planes  in  the  line  de,  locates  the  centre  of  gravity. 
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A  Nbw  Heliostat.     By  B.  F.  Thomas  of  Columbia,  Mo. 


Thb  Kinetic  Theory  of  the  specific  Heat  of  Solids.^   By  H.  T. 
Eddt  of  Cincinnati,  Ohio. 

[ABSTRACT.*] 

This  paper  applies  to  molecules  of  solid  bodies  the  same  prin- 
ciples which  the  author  has  elsewhere  applied  to  gaseous  molecules 
as  to  the  distribution  of  vibratory  energy  among  the  different 
degrees  of  freedom  possible  to  the  molecules  of  a  solid  ;  and  in 
particular  it  attempts  to  show  that  if  the  chemical  atoms  of  all 
substances  are  formed  of  equal  and  similar  ultimate  atoms,  then 
systems  of  solids  which  are  in  thermal  equilibrium  by  radiation 
will  also  be  in  thermal  equilibrium  when  brought  into  contact,  i.  e., 
when  the  equilibrium  depends  upon  collisions  of  the  molecules. 


The  Kinetic  Theory  of  Melting  and  Boilino^.  By  H.  T.  Eddt 
of  Cincinnati,  Ohio. 

[ABSTRACT.] 

This  paper  discusses  at  length  the  two  kinds  of  vibi*atory  motion 
which  the  molecule  of  a  solid  body  may  have,  rotary  and  translatory. 
It  demonstrates  that  the  mean  kinetic  energy  of  such  an  os- 
cillatory motion  as  is  possible  for  a  molecule  of  a  solid  reaches  a 
maximum  value  which  can  only  decrease,  whether  the  amplitude 
of  the  oscillation  be  increased  or  diminished,  and  that  the  only 
way  in  which  it  is  possible  to  increase  the  mean  kinetic  energy  of 
this  kind  of  motion  is  to  impart  sufficient  additional  energy  to 
change  the  motion  into  one  of  complete  rotation.  By  such  a 
process,  greater  freedom  of  motion  is  given  to  the  molecules,  and  a 
large  amount  of  energy  becomes  potential.  This  is  regarded  as 
explaining  the  phenomenon  of  liquefaction. 

It  is  next  shown  by  an  extended  mathematical  discussion  of  the 
cohesive  forces  and  resistance  to  compression  by  which  molecalcs 

>  This  paper  was  pablished  in  tull  in  Science,  Sept.  28, 1883. 

*The  principal  oonclusions  in  ttiis  paper  were  pnbliBhed  in  Uie  Fi*auklin  Inet.  Jour^ 
nal  for  July,  1883. 
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hold  each  other  at  mean  fixed  distances,  thai  the  mean  kinetic 
energy  of  the  vibration  of  molecules  about  their  mean  positions 
also  has  a  maximum  value  which  can  only  be  increased  by  removing 
them  to  such  mutual  distances  that  the  cohesive  forces  no  longer  act. 
In  this  process  a  large  amount  of  energy  also  becomes  potential. 
This  is  regarded  as  the  rationale  of  the  phenomenon  of  vapor- 
ization. 

It  is  further  shown  that  on  this  theory  it  might  very  readily 
occur  that  the  specific  heat  of  a  liquid  should  at  first  decrease 
and  then  increase,  as  Rowland  has  proved  is  the  case  with  water, 
but  that  the  specific  heat  could  not  at  last  decrease. 

The  cause  of  the  relatively  large  specific  heat  of  most  liquids  is 
treated.  It  is  shown  that  the  distribution  of  rotary  velocities 
in  free  rotation  such  as  the  molecules  of  a  liquid  are  supposed  on 
this  theory  to  have  is  such  that  tiie  atoms  of  some  small  per  cent 
of  the  molecules  in  any  given  mass  must  be  torn  asunder.  What 
per  cent  of  the  liquid  may  be  thus  dissociated  will  depend  upon 
the  temperature  and  constitution  of  the  liquid,  it  being  smaller 
for  the  simpler  liquids  and  increasing  with  the  temperature. 
Electrolysis  is  an  evidence  of  this  action.  Such  dissociation 
8ufi3cicntly  accounts  for  the  generally  high  specific  heats  of  liquids. 

There  is  a  general  qualitative  accordance  of  the  theory  with 
observed  specific  heats.  A  further  confirmation  of  the  theory  is 
found  in  the  clear  explanation  it  affords  of  the  existence  of  a 
critical  temperature  above  which  a  vapor  is  incondensable  by 
pressure  alone ;  for  when  the  mean  kinetic  energy  of  all  the 
molecules  of  a  liquid  acquires  a  value  greater  than  the  maximum 
possible  in  a  liquid  state,  the  liquid  is  not  only  vaporized  but 
necessarily  becomes  an  incondensable  gas  and  remains  so. 


Remarks  on  the  Tracings  of  Self-registering  Instrcmekts, 
AND  THE  Value  of  the  Signal-service  Indications  for  June 
AND  JcLT,  1883.1    By  Gustavus  Hinrichs  of  Iowa  City,  Mo. 

>  A  short  notice  of  this  paper  is  given  In  Science,  Ang.  81, 188S,  p.  28S. 
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The  Utilization  of  the  Sun's  Rats  for  Warmino  and  Ventila- 
TING  Apartments.    By  E.  S.  Morse  of  Salem,  Mass. 

[ADBTRACT.] 

The  device  consists  mainly  of  a  slaty  surface,  painted  black, 
standing  vertically  upon  a  wall,  outside  the  building,  with  flues  to 
conduct  warmed  air  to  the  inside.  The  slates  are  inserted  in  a 
groove,  much  as  one  might  place  glass  in  a  frame.  One  made 
within  the  last  year  was  three  feet  wide  and  eight  long.  It  was 
placed  where  it  received  the  sun's  rays  as  directly  as  practicable. 
Its  service  was  to  warm  a  room  used  for  a  library.  During  an 
entire  winter  the  room  was  thus  miide  comfortable,  except  on  a 
few  of  the  coldest  days.  The  current  of  air  passing  through  it, 
when  the  sun's  rays  impinged  directly  upon  it,  was  raised  about 
80°  ;  it  discharged  3,206  feet  of  warmed  air  in  an  hour.  This  was 
in  the  morning.  \t  11.45  the  air  of  the  apartment  was  raised  29°, 
with  3,326  cubic  feet  of  air  discharged ;  at  12.45,  29°  and  4,119 
feet;  at  1.55,  24°  and  3,062  feet;  at  2.45,  20°  and  1.299  feet. 
The  room  measured  20X14  and  was  ten  feet  high. 

The  apparatus  works  to  most  advantage  in  a  room  that  is  ven- 
tilated by  an  open  chimney.  But  some  very  good  results  have 
been  obtained  in  closed  rooms.  One  was  cited  where  the  air,  as 
it  entered  the  room  from  the  heater,  was  raised  to  nearly  40° 
above  the  outside  temperature.  In  general,  a  difference  of  80°  to 
85°  can  thus  be  secured  during  four  or  five  working  hours  of  the 
day. 


Natural  Snow  Balls,  or  Snow  Rollers.    By  Samuel  Hart  of 
Hartford,  Conn. 

Labstract.] 

• 

A  MORE  extended  example  of  "Natural  Snowballs"  or  "Snow 
Rollers"  than  has  yet  been  recorded  occurred  in  Connecticut  and 
southern  Massachusetts  in  February  last.  Snow  had  fallen  on  the 
18th,  the  level  suiface  of  which  had  been  covered  with  a  crust  from 
the  freezing  of  a  drizzling  rain.  On  the  evening  of  the  20th,  a  light 
but  damp  snow  fell  quietly  upon  this  smooth  crust,  and  afterwards  a 
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light  wind  sprang  up  from  the  south.  In  the  morning  the  college 
campus,  the  city  park,  and  open  lots  in  every  direction  were  strewn 
with  masses  of  snow.  Some  were  spherical,  varying  in  diameter 
from  one  to  nine  or  more  inches ;  but  most  had  the  appearance  of 
large  old-fashioned  muffs,  of  the  shape  of  c^iinders  with  a  con- 
ical depression  at  each  end  reaching  nearly  or  quite  to  the  middle. 
The  largest  of  these  latter  which  I  measured  was  eighteen  inches 
long  and  twelve  inches  in  diameter ;  and  some  were  reported  much 
larger.  The  path  which  each  left  behind  it  showed  how  it  had  been 
formed,  a  pellet  of  snow  having  been  started  by  the  wind  and 
having  gained  not  only  in  diameter  but  also  in  length  as  it  rolled; 
so  that  a  long  isosceles  triangle  of  snow  was  rolled  up  from  its 
vertex,  producing  the  peculiar  shape  just  described.  In  many 
cases  the  path  could  be  traced  for  twenty-five  or  thirt}'  feet,  and  in 
some  cases,  it  was  reported,  for  sixty  feet.  The  path  of  the  round 
balls  was,  of  course,  of  nearl}'  the  same  width  throughout.  The  di- 
rection of  most  of  the  paths  was  straight;  but  in  some  cases  the 
snow  had  been  carried  by  the  wind  in  different  directions,  while  oc- 
casionally it  had  been  blown  up  a  decided  incline.  The  snow  was 
not  at  all  closely  packed  ;  it  yielded  to  the  least  touch,  and  it  was 
impossible  to  move  one  of  the  masses  without  breaking  it. 

The  rollers  were  seen  on  the  Connecticut  river  and  alon^  its 
banks  for  some  forty  miles  below  Hartford,  as  far  north  as  Massa- 
chusetts, for  some  distance  on  the  east,  and  as  far  west  as  the 
Housatonic  valley.  It  seems  quite  within  limits  to  say  that  they 
were  spread  thickl}^  over  all  the  open  and  level  ground  within  more 
than  2500  square  miles,  and  that  they  might  have  been  numbered  by 
millions. 


Tornado  at  Hacine,  ■WISCONSIN^    By  P.  R.  Hot  of  Racine,  Wis. 

[abstract.] 

Friday,  May  18,  1883,  was  a  pleasant  day ;  a  slight  shower  of 
rain  occurred  soon  after  noon.  At  6.45  there  was  almost  continu- 
ous flashes  of  lightning,  in  the  west,  passing  from  a  dark  cloud 
comiLg  from  the  northwest  to  a  lighter  colored,  and  less  elevated 

1  The  paper  was  accompanied  by  maps  and  photographs,  illastrating  facts  relstiog 
to  the  tornado.  For  the  discassion  following  the  reading  of  this  paper,  see  SciESCl 
for  Aug.  31,  p.  281. 
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cload  moving  rapidly  from  the  southwest,  accompanied  with  thunder ; 
these  two  clouds  appeared  to  meet,  producing  a  wliirling,  boiling 
tumultuous  action,  accompanied  by  a  roar  not  unlike  the  passing 
of  a  hea\y  train  of  cars  over  a  long  bridge.  The  tornado  passed 
the  track  of  the  C.  and  N.  W.  railroad,  at  Just  7.10.  The  direc- 
tion of  the  tornado  was  north  of  east ;  in  six  miles  the  storm 
advanced  north  1 J  miles.  Rain  and  hail  fell  over  an  area,  com- 
mencing \^  miles  north  of  the  tornado,  and  extending  two  miles 
north.  Some  of  the  hailstones  were  unusually  large.  Caledonia 
Station,  on  the  St.  Paul  R.  R.,  two  miles  north  of  the  tornado  track, 
was  struck  by  lightning  at  6.45  p.  h.  at  the  time  of  the  hail-storm. 
The  temperature  of  the  atmosphere,  just  before  the  tornado  struck 
Racine,  was  64^.  Fifteen  minutes  after  it  h&d  passed  the  thermome- 
ter indicated  74** ;  this  rise  of  1 0°  in  so  short  a  time  was  remarkable 
at  that  late  hour.  The  barometer  marked  29  inches  at  an  elevation 
of  645  feet  above  the  sea-level.  There  was  only  a  pleasant  breeze, 
rendering  it  comfortable  to  be  out-of-doors  at  the  time  the  tornado 
was  passing  1|>  miles  north  of  us.  No  rain  fell  in  Racine,  at  the 
time,  or  for  thr^e  days  after  the  storm.  My  attention  was  called 
to  a  peculiar  odor  that  pervaded  the  atmosphere  soon  after  the 
tornado.  This  odor,  which  I  then  detected,  was  between  sulphur 
and  phosphorus ;  undoubtedl}^  it  was  ozone,  resulting  from  elec- 
trical disturbance  that  filled  the  atmosphere  at  this  time.  It  is 
proved  that  the  onward  motion  was  not  more  than  thirty  miles  an 
hour,  many  families  gained  their  cellars,  and  safety,  after  they 
had  witnessed  the  destruction  of  houses  situated  not  over  twenty- 
five  rods  distant. 

The  gyratory  motion,  from  right  to  left,  is  the  principal,  if  not 
the  only,  factor  in  accounting  for  the  destruction  that  followed  in 
the  immediate  track  of  the  storm. 

The  width  of  the  tornado  path  was  from  ten  to  twenty  rods, 
occasional!}',  however,  much  narrower ;  it  was  not  straight  but 
oscillatory,  the  variations  being  from  300  to  600  feet  on  either  side 
of  a  straight  line.  Everything  was  thrown  towards  the  centre  of 
the  track ;  not  unfrequently  objects  on  the  outer  borders  were 
thrown  at  an  acute  angle  west  of  either  south  or  north,  against 
the  direction  of  the  advancing  storm.  Still  further,  just  be^'ond 
the  line  of  total  destruction,  houses  were  pulled  partly  off  their 
foundations  ;  in  these  instances,  the  windows  were  thrown  out  on 
the  storm  side  towards  the  path  of  the  tornado. 
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There  were  ten  persons  killed,  all  of  whom  save  two  lived  near 
where  the  storm  struck  the  city ;  they  were  surprised,  not  being 
aware  of  its  approach.  All  were  saved  wiio  gained  their  cellars, 
with  one  exception,  that  of  a  family  living  in  a  brick  veneered 
housey  the  brick  falling  into  the  exposed  cellar,  killing  two  persons. 

When  the  tornado  passed  over  the  lake,  the  sight  was  grand 
indeed,  one  long  to  be  remembered ;  one,  probably  never  before 
seen,  for  this  is  the  only  instance  known  of  a  tornado  reaching 
Lake  Michigan. 

The  water  was  whirled  up  at  a  great  height,  from  150  to  300 
feet ;  the  cloud  would  occasionally  rise  when  the  g^eat  volume  of 
water  would  tumble  back  only  to  be  caught  up  in  a  moment  with 
redoubled  force.  While  the  water  was  being  forced  up  in  the 
centre  by  the  whirling  vortex,  it  was  thrown  over  on  the  outside, 
thus  forming  irregularly  circular  cascades,  swashing,  splashing  and 
foaming,  in  the  wildest  confusion.  There  were  five  or  six  acces- 
sary ^'  water  spouts,"  some  of  which,  apparently,  revolved  around 
the  ''  primary  whirl ; ''  one  of  these  passed  on  the  lake,  at  least  one 
half  mile  south  of  the  main  storm.  These  accessaries  were  by  no 
means  insignificant  either  in  size  or  force ;  only  by  comparison 
were  they  small,  I  saw  two  flashes  of  lightning  in  the  tornado- 
cloud,  while  it  was  passing  over  the  lake,  but  heard  no  thunder. 

The  storm  left  the  lake  covered  with  debris,  for  the  distance  of 
one  mile  from  the  shore.  There  was  no  well-formed  funnel-shaped 
cloud ;  it  was  multiform,  and  resembled,  somewhat,  the  smoke 
from  a  large  factory  chimney,  when  the  condition  of  the  atmos- 
phere is  such  that  the  smoke  flows  over  with  whirling  motion 
towards  the  ground.  Imagine  one  hundred  such  columns,  closely 
packed  together,  minus  the  chimneys,  with  volumes  of  light-colored 
smoke  rising  rapidly  up  in  the  centre  with  a  gyratory  motion,  and 
you  have  a  feeble  representation  of  the  Racine  tornado  cloud. 


The  tornado  of  Mat  18, 1888.     By  Jho.  H.  Fbick  of  Warren- 
ton,  Mo. 
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Bbport  of  thb  Coxhittee  on  Indexing  the  Literatube  of  Chemi- 
cal Elements. 

The  undersigned,  acommittee  appointed  at  the  Montreal  meeting 
of  the  American  Association  for  the  Advancement  of  Science,  '^to 
devise  and  inaugurate  a  plan  for  the  proper  indexing  of  the  litera- 
ture of  the  chemical  elements,"  respectfully  submit  the  following 
report. 

The  members  have  conferred  with  each  other  orally  and  by  cor- 
respondence. Several  plans  have  been  suggested,  and  their  merits 
discussed.  Three  methods  of  collecting  material  for  the  indexes 
may  be  named :— - 

1.  Reviewing  the  Catalogue  of  Scientific  Papers  published  by 
the  Royal  Society  (8  vols.  4to). 

2.  Indexing  special  journals  by  different  individuals,  and  col- 
lating the  matter. 

3.  The  independent  plan,  whereby  each  chemist  indexes  all  the 
Journals  available  to  him  with  reference  to  a  given  element,  in 
which  he  is  presumably  especially  interested. 

Each  of  these  schemes  is  open  to  objections,  and  has  its  diflS- 
calties.  The  first  would  necessitate  an  enormous  amount  of 
clerical  labor,  for  which  volunteers  would  scarcely  be  secured  ;  be- 
sides, data  previous  to  1800  could  not  be  obtained  from  this 
catalogue. 

The  second  involves,  also,  securing  a  large  number  of  self-sacri- 
ficing volunteers ;  and  both  plans  would  require  a  vast  amount  of 
editorial  work  on  the  part  of  this  committee. 

The  third  plan  seems,  to  a  majority  of  the  committee,  the  only 
feasible  one  at  present.  On  the  independent  plan,  seven  indexes 
have  already  been  compiled. 

(U7) 
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The  best  arrangement  of  material  has  also  been  consiaered; 
and  here  again  a  threefold  problem  occurs : — 

1.  Chronologically. 

2.  Alphabetically,  by  authors. 

3.  Topically. 

The  committee  do  not  venture  to  dictate  to  independent  workers, 
but  recommend  the  chronological  arrangement,  with  the  under- 
standing that  a  topical  index  accompany  each  monograph. 

The  best  channel  of  publication  has  also  been  considered  by  the 
committee.  All  the  indexes  hitherto  published  have  been  prmted 
in  the  Annals  of  the  New  York  Academy  of  Sciences ;  and  the  Acad- 
emy has  generously  offered,  through  its  officers,  to  continue  iU 
good  work.  The  Smithsonian  Institution  further  agrees  to  dis- 
tribute, free  of  expense,  all  circulars  and  documents  in  furtherance 
of  tbis  undertaking;  an  offer  which  is  of  greatest  importance,  and 
for  which  this  committee  expresses  sincere  thanks. 

Since  the  appointment  of  the  committee,  Mr.  Webb's  Index  to 
the  Literature  of  Electrolysis  has  been  published  in  the  Annals  of 
the  New  York  Academy  of  Sciences ;  and  several  chemists  have 
expressed  a  willingness  to  cooperate  in  the  proposed  undertak- 
ing. Prof.  R.  B.  Warder  of  Cincinnati  has  promised  an  index  to 
the  literature  of  the  velocity  of  chemical  reactions ;  Dr.  Heniy 
Leffmann  of  Philadelphia  proposes  to  index  the  important  element 
arsenic,  and  Professor  G.  £.  Munroe  offers  a  Bibliography  of  Ex- 
plosives. 

II.  C.  Bolton,  Chairman;  Ira  Bemsen  ;  F  .  W.  Clarke  ;  A.  R. 
Leeds  ;  A.  A.  Julien. 


On  the  Sub-aqueous  Dissociation  of  certain  Salts.    By  John 
W.  Langlet  and  Chas.  K.  McGeb  of  Ann  Arbor,  Mich. 

In  his  "  Lemons  sur  la  Dissociation''  (Paris  Chemical  Society, 
March  and  April,  1864),  Sainte-Claire  Deville  directs  the  attention 
of  chemists  to  certii|in  properties  which  salts  in  solution  display: 
sucli  as  contraction  of  volume,  the  evolution  or  absorption  of 
heat,  variations  in  density,  etc.  But  he  pai*ticularly  calls  atten- 
tion to  some  of  the  chemical  changes  which  the  salt  appears  to 
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nndergo  by  the  mere  fact  of  solution,  changes  which  increase  in 
amount  with  the  quantity  of  water  added  and  which  cause  tiie  salt 
to  act  finally,  rather  like  a  mere  mixture  of  its  components,  than 
like  a  compound  such  as  it  is  known  to  be  in  its  solid  state. 

Devil le  considers  that  there  is  no  absolute  distinction  between 
solution  and  chemical  union  ;  the  difference  is  one  of  degree  rather 
than  one  of  kind,  for  out  of  the  possible  unions  and  rearrange- 
ments between  atoms  and  molecules  which  are  embraced  in  the 
term  '^  chemical  changes,"  some  are  synthetic,  some  analytic,  and 
some  partake  of  both  processes.  Now  in  Deville's  mind  solution 
is  of  the  last  order ;  synthetic  and  analytic  changes  always  occur  in 
solution,  onl}'  the  latter  is  the  predominant  one,  so  that  there  is 
absorption  of  heat  accompanying  contraction  of  volume  instead  of 
evolution  of  heat  as  would  be  expected  d  priori;  and  in  addition 
a  constant  tendency  for  the  salt  to  be  changed  to  simpler  compo-. 
nents. 

Thus,  when  a  salt  is  dissolved  in  water  there  is  a  combination 
of  the  solid  with  the  whole  of  the  water,  but  at  the  same  time  the 
salt  undergoes  a  species  of  vaporization,  for  its  molecules  are  dis- 
tributed through  the  entire  mass  of  the  water,  and  consequently 
occupy  a  larger  amount  of  space,  just  as  a  vapor  would  do  if  pro- 
duced by  the  action  of  heat.  The  heat  units  necessary  to  perform 
this  vaporization  are  taken  from  surrounding  bodies,  and  are, 
therefore,  virtually  unlimited  in  amount ;  now  as  the  heat  absorbed 
increases  with  the  degree  of  dilution,  the  quantity  will  finally  be* 
come  sufficient  to  completely  dissociate  and  resolve,  even  into  its 
elements,  any  salt  when  dissolved  in  a  sufficiently  large  body  of  a 
neutral  solvent  such  as  water. 

We  have  here  briedy  recalled  Deville's  theory'  of  dissociation  as 
the  necessary  result  of  solution,  because  we  have  made  some  ex- 
periments in  one  limited  direction  which  were  suggested  to  us  by 
the  theory  in  question. 

Every  chemist  is  familiar  with  the  classic  researches  of  Gra- 
ham on  diffusion,  and  of  the  admirable  work  of  Berthelot  on 
thermo-chemistry,  and  of^the  bearing  on  Deville's  theory  of  solu- 
tion. We  have  applied  the  theory  to  account  for  the  changes  in 
the  degree  of  acidity  which  some  salts  display  when  dissolved. 

It  is  a  well-known  fact  that  man}'  salts  which  are  neutral  by  the- 
ory are  not  neutral  to  litmus  pa{>er ;  for  instance,  cupric  sulphate 
in  solution  is  acid  to  litmus,  and  it  will  remain  acid  however  much 
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potassic  hydrate  may  be  added  to  it,  so  long  as  all  the  copper  is 
not  precipitated.  It  is  also  a  well-known  elementary  fact  that  cer- 
tain salts  whose  metals  form  veiy  feeble  bases  are  decomposed 
with  the  formation  of  basic  precipitates,  while  the  greater  part  of 
the  acid  is  found  in  the  liquid,  for  example,  bismuth  and  antimony 
chlorides. 

If  it  be  true  that  salts  tend  to  dissociate  when  dissolved,  and 
are  actually  decomposed  when  sufficiently  diluted,  we  should  ex- 
pect that  they  would  break  up  along  the  lines  of  least  resistance 
into  simpler  molecules  first,  and  ultimately  into  free  atoms.  Now 
when  water  is  present  we  may  take  three  views  of  the  condition  of 
the  salt.  We  may  suppose  it  to  be  merely  attached  to  the  water 
by  a  species  of  physical  adhesion,  the  salt  nucleus  remaining  un- 
changed when  the  quantity  of  water  is  very  small ;  or  second,  we 
.may  consider  the  water  and  the  salt  to  be  united  into  a  new  group 
which  acts  as  a  compound  molecule,  so  long  as  the  body  of  the 
solvent  is  so  small  that  the  amount  of  diffusion  is  negligeable. 
Then  for  sodic  sulphate  in  two  molecules  of  water  we  should  have, 
for  the  first  case  [Na2S04  ,2H20],  and  for  the  second  [2(NaOH), 
H2SO4],  where  the  comma  indicates  a  molecular,  as  distinguished 
from  an  atomic,  union. 

Finally,  we  may  decline  to  theorize  about  the  initial  state  of  the 
salt  and  water,  and  consider  that  we  have  a  certain  quantity  of 
different  kinds  of  matter  held  momentarily  in  equilibrium  by  in- 
ternal and  external  forces,  but  which  will  form  definite  associa- 
tions with  each  other  whenever  the  external  forces  change.  On 
this  view  the  above  symbols  might  be  written  [Na2H4SOJ,  and  we 
should  have  no  theory  as  to  whether  the  Na  was  combined  with  H, 
with  S,  or  with  SO4. 

Researches  in  thermo-chemistry  tell  us  that  the.  heat  of  combi- 
nation between  H2SO4  and  2NaOH  is  less  than  the  heat  of  forma- 
tion of  sodium  hydrate  starting  with  metallic  sodium  and  water, 
or  of  sulphuric  acid  starting  with  SO3  and  water.  The  line  of  least 
resistance  in  the  group  Na2H4S06  probabl}',  therefore,  passes 
through  the  comma  in  the  symbol  2(NaOH),  HjS04  and  indicates 
that  the  first  stage  of  dissociation  will  be  into  free  sodium  hydrate 
and  free  sulphuric  acid.  The  general  theory  of  dissociation 
shows  also  that  this  change  will  be  only  partial  for  all  finite  ratios 
between  the  quantities  of  the  salt  and  the  water ;  it  should  first 
become  apparent  as  traces,  and  proceed  under  increasing  dilution 
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to  amounts  of  free  acid  which  could    be    quantitatively  esti- 
mated. 

When  antimony  or  bismuth  chlorides  are  diluted,  we  find  the 
metals  separating  from  the  liquid  as  insoluble  basic  chlorides, 
whose  action  on  litmus  paper  is  however  very  slight ;  that  is,  the 
basic  element  has  very  feeble  alkaline  characters.  On  the  other 
hand,  the  power  to  redden  litmus  possessed  by  the  mineral  acids 
II2SO4 ,  HCl  and  HNO3  is  very  marked  and  is  of  nearly  the  same 
intensity  in  the  three,  while  the  corresponding  power  to  blue  the 
litmus  possessed  by  the  hydrates  varies  greatly.  It  is  very  strong 
in  the  alkali  metals,  but  is  quite  feeble  in  metallic  h3'drates  such  as 
those  of  zinc,  iron  and  copper.  If  then  a  salt  actuall}'-  separates 
partially  into  free  acid  and  free  base  when  dissolved,  and  if  the 
power  of  the  base  to  turn  litmus  blue  is  not  the  exact  quantitative 
counterpart  of  the  acid  to  turn  it  red,  there  must  necessarily  occur, 
with  differing  degrees  of  dilution  of  the  solution,  differing  powers 
of  coloring  litmus  possessed  by  any  salt,  even  if  it  were  perfectly 
neutral,  both  by  composition  and  to  litmus,  when  it  was  in  the  solid 
state. 

To  test  this  hypothesis  we  have  used  the  following  method : 

Chemically  pure  salts  were  obtained  in  saturated  solutions. 
There  was  also  prepared  a  standard  solution  of  pure  sulphuric 
acid  containing  one  gramme  of  acid  to  the  litre  of  solution. 
And,  finally,  a  standard  solution  of  litmus  was  provided  which  was 
made  as  nearly  neutral  as  possible. 

Into  a  series  of  four  inch  test  tubes  were  introduced  ^Vi  i^»  -^(n 
etc.,  c.c.  of  this  standard  acid  and  each  of  them  then  diluted  with 
the  litmus  solution  to  ten  c.c.  The  tubes  consequently  gave  a 
series  of  red  tints  from  neutral  purple  to  decided  red.  Tube  No.  1 
contained  -j-^J^,ir.  gramme  of  H2SO4 ;  No.  2,Tff8^^  ;  No.  8,T^J^^,etc. 
These  quantities  were  added  to  amounts  of  litmus  solution  which 
were  nearly  the  same,  being  the  quantity  necessary  to  complete 
the  volume  to  10  c.c.  (The  litmus  actually  ranged  from  9  c.c.  to 
9.9  c.c.) 

Saturated  solutions  of  each  of  the  following  salts  were  exam- 
ined: 

ZnS04  ,  CUSO4 ,  PbS04  ,  AgS04  ,  CaS04  ,  Na,SO  ,  FeS04  . 
HgS04 ,  MnS04 ,  Al2(S04)8 ,  Fe2(S04)8  ,  ZnCl,. 

In  each  case  1  c.c.  of  the  salt  solution  was  introduced  with  a 
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test  tube  and  enough  litmus  solution  added  to  make  10  c.c.     The 
resulting  color  was  compared  with  the  scale  of  colors   made  with 
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the  sulphuric  acid  by  looking  across  the  test  tubes.     10  c.c.  of 
litmus  solution  were  now  added  and  the  resulting  color  again  re- 
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corded  in  terms  of  the  color  scale.  Successive  dilutions  up  to 
IOO5  and  in  some  cases  up  to  400  c.c,  were  made  and  the  colors 
noted. 

Let  1  c.c.  of  some  salt  solution  be  diluted  with  litmus  to  10  c.c, 
and  let  tlie  color  produced  be  the  same  as  that  of  tube  No.  7. 
Evidently  T^^^y^r  gramme  of  H2SO4  is  equivalent  to  the  salt  in  its 
reddening  effect  on  litmus  solution.  If  now  we  dilute  the  salt 
solution  to  40  c.c.  and  find  that  it  gives  the  same  tint  as  tube  No. 
5,  it  is  evident  that  loSru  gramme  1X2804  would  be  required  to  pro- 
duce the  same  reddening  effect  as  that  produced  by  the  salt ;  for 
nrSini  gramme  H2SO4  is  needed  to  make  10  c.c.  equally  red,  and 
consequently  the  40  c.c.  of  the  diluted  salt  represent  four  .times 
the  reddening  effect  of  -nrBaTj  gramme  of  acid  in  10  c.c.  of  litmus. 
In  this  way  the  number  of  t^Jxttt  gramme  of  II2SO4  required  to  pro- 
duce the  same  reddening  effect  for  various  dilutions  of  each  salt 
is  found  and  represented  as  ordinatcs  in  the  curve. 

In  the  diagram,  the  numbers  on  the  horizontal  axis  indicate  the 
number  of  cubic  centimetres  to  which  one  centimetre  of  salt  solu- 
tion has  been  diluted  with  the  litmus  solution.  The  numbers  on 
the  vertical  axis  indicate  the  number  of  xir^a  grammes  H0SO4 
which  could  be  substituted  in  place  of  the  salt  in  any  given  case 
and  have  the  same  reddening  effect. 

CaS04  and  NajSOf  acted  like  neutral  salts  and  did  not  change 
the  litmus  solution,  either  with  low  or  high  degrees  of  dihition. 

Ag2S04  was  the  only  salt  found  to  change  the  solution  blue  in- 
stead of  red. 

Fe2( 804)3  and  FeS04  gave  no  reliable  results  on  account  of  a 
dirty  precipitate  which  prevented  all  color  tests.  Both,  how- 
ever, made  the  litmus  distinctly  red,  and  Fes(804)3  seemed  to  be  as 
acid  as  Als(S04)8. 

HgS04  was  made  by  drying  the  ciystals  of  HgS04  in  free 
HsS04  upon  filter  paper  and  dissolving  as  much  as  possible  in 
water.  After  the  basic  mercuric  sulphate  had  settled  out,  the 
clear  solution  above  was  used  in  the  test.  Probably  the  curve  is 
simply  that  of  free  H2SO4. 

When  largely  diluted  Al2(S04)8  gave  a  precipitate  which  inter- 
fered somewhat  with  the  tests.  The  same  is  true  of  CUSO4. 
ZnCla  could  not  be  examined  quantitatively  for  the  same  reason, 
although  it  reddened  the  litmus. 
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Much  difficalt}^  was  expericDced  at  first  from  the  fact  that  the 
Tarious  color  tubes  gradually  changed  back  to  a  neutral  tint  after 
standing  a  day  or  two.  If  a  tube,  to  which  acid  had  just  been 
added  and  mixed  by  stirring,  were  strongly  shaken  for  one  or  two 
minutes,  it  would  be  found  to  have  changed  sensibly  towards  a 
blue.  Owing  to  this  instability  of  color  the  standard  tints  were 
prepared  afresh  every  day  for  each  day's  work,  and  the  amoont 
of  stirring  was  made  as  nearly  as  possible  alike  for  all  experi- 
ments. 

This  apparent  loss  of  acid,  shown  by  a  real  loss  of  red  colora- 
tion, is  probably  due  to  oxidation  which  seems  to  regenerate  the 
blue  color.  By  working  with  freshly  boiled  solutions  and  making 
the  mixtures  under  a  film  of  paraf9ne  oil,  the  change  of  color  was 
rendered  much  less,  and,  therefore,  we  have  little  doubt  that  the 
complete  exclusion  of  dissolved  oxygen  would  have  entirely  pre- 
vented the  change  of  tint. 

It  is  perhaps  hai'dly  legitimate  to  draw  general  conclusions 
from  a  limited  number  of  experiments,  especially  of  work  like 
this,  where  there  are  several  unknown  factors,  such  as  the  possible 
differential  attraction  of  the  coloring  matter  for  the  several  bases, 
etc.  Still,  taking  the  results  as  they  stand,  this  provisional  con- 
clusion may  be  drawn. 

First,  Sulphates  of  the  alkali  metals,  except  silver,  seem  to  be 
strictly  neutral  under  all  degrees  of  dilution. 

Second,  Sulphates  of  the  RSO4  type,  where  R  is  a  dyad  metal, 
show  an  amount  of  dissociation  which  is  in  proportion  to  the 
degree  of  dilution,  and  hence  their  curves  are  represented  by  a 
nearly  straight  line. 

Third.  Aluminic  sulphate  and  other  double  triads  are  not  neu- 
tral when  concentrated.  When  diluted  they  rapidly  become 
strongly  acid,  and  when  the  dilution  exceeds  a  certain  limit  they 
seem  to  lose  acid  at  a  decreasing  rate.  Hence  their  curves  are  not 
uniformly  straight  lines. 
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SUOOESTIOKS  FOR  COHPimNG  THE  SpEED  OF  ChEHICAL   REACTIONS. 

By  RoBT,  B.  Warder  of  North  Bend,  Ohio. 

[ABSTRACT.] 

This  paper  urges  a  thorough  discussion  of  data  upon  the  subject 
indicated  in  its  title,  for  the  following  reasons:  1.  To  discover 
and  investigate  the  causes  of  certain,  discrepancies  between  pub- 
lished observations  and  current  theories.  2.  To  obtain  more 
definite  information  as  to  the  nature  of  certain  reactions  and  the 
conditions  determining  their  speed.  3.  To  afford  numerical  data 
for  a  fuller  study  of  relations  between  the  speed  of  reactions  and 
other  physical  constants.  4.  To  suggest  fruitful  lines  for  further 
research  in  chemical  dynamics. 

As  instances  of  the  need  of  such  discussion,  in  the  determina- 
tions by  Professor  Menschutkin,  of  the  speed  and  limits  of  the 
etberification  of  the  several  alcohols  and  acids,  numbers  are 
given  for  the  "initial  speed"  of  reaction,  which  express  tlie  aver- 
age speed  during  the  first  hour,  and  are  not  proportional  to  speeds 
during  the  first  minute.  Prof.  L.  Meyer  in  his  Dynamik  der 
Atomen  passes  very  lightly  over  both  the  theory  and  the  observa- 
tions of  speed  during  a  reaction. 

The  prevalent  theory  of  the  action  of  mass  is  expressed  by  the 

equation,  -77-=  ^v,  in  which  the  differential  expresses  the  rate  of 

change  in  any  substance,  u  and  v  represent  the  masses  taking 
part  in  the  change,  and  A;  is  a  constant.  Observations  by  Ost- 
wald  and  others  indicate  that  some  modifications  of  this  theory 
are  needed.  Determinations  of  the  speed  of  reaction  require 
special  care,  both  to  measure  time  in  relation  to  mass,  and  to 
control  temperature  and  other  conditions.  The  chemical  section 
of  the  Ohio  Mechanics*  Institute  has  recently  undertaken  some 
work  of  the  sort,  and  invites  cooperation.* 

The  following  provisional  system  of  units  is  suggested  :  for  vol- 
ume, one  cc. ;  for  mass,  the  chemical  equivalent  expressed  in  mg. ; 
and  for  time,  one  hour.  The  unit  of  speed  would  be  the  transforma- 
tion of  unit  of  each  active  body  per  unit  of  volume  and  time. 
Possibly  the  comparison  of  the  constants  of  speed  or  of  chemical 
affinity  with  those  of  heat,  electricity,  etc.,  could  be  better  made 

>  Sci.  Proc.  O.  M.  I.    2, 51. 
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from  the  unit  of  one  second  or  1,000  seconds.  At  least  two  ob- 
servations of  time  and  two  of  mass  are  required ;  and  preferablj 
several,  to  determine  the  limits  of  error.  Determinations  which 
do  not  accord  with  the  hypothesis  that  the  speed  and  the  product 
of  active  masses  vary  in  the  same  ratio,  need  special  investigation. 
In  reciprocal  reactions,  some  of  the  ratios  derived  from  observa- 
tions on  chemical  equilibrium,  may  be  combined  with  constants  of 
speed  already  determined ,  to  de<luce  other  constants.  By  briDgisg 
all  the  facts  into  systematic  order,  these  data  can  be  made  of  use 
for  comparison  in  other  fields  of  physical  science. 

For  the  convenience  of  those  who  may  be  interested,  a  table  is 
here  given  of  some  of  the  papers  containing  or  discussing  deter- 
minations of  speed.  References  are  given  to  (JB.)  Jahresbericht 
der  Chemie  ;  (Ber.)  Berichte  deut.  chem.  Gesell. ;  (C.  S.  J.)  Jour- 
nal of  the  Chemical  Society;  (P.  M.)  Philosophical  Magazine; 
(J. p.  C.)  Journal  fur  prak.  Chemie ;  (A.  C.  J.)  American  Chemical 
Journal ;  (Sci.  Proc.)  Scientific  Proceedings  of  the  Ohio  Me- 
chanics' Institute ;  and  (I.  A.  R.)  Indiana  Agricultural  Report. 
Some  of  the  papers  referred  to  have  only  an  indirect  bearing  on 
the  speed  of  reactions.  They  are  grouped  according  to  author 
and  subject,  and  placed  as  nearly  in  historical  order  as  consistent 
with  this  arrangement. 


WlTTWER 

Bun  SEN  (and 

ROSCOE) 


JB.  1856,  172,  174 


(i 


A.  Baeyer 
Pkapeu 

Beiituei.ot  (and 
St.  Gillks) 


(( 
(I 

<( 


Decomposition  of  water  bj 
chlorine. 

H  -f  CI  =  HCl  under  the  in- 
fluence of  light.  "Piioto- 
chemical  indaction  "  is  dis- 
cussed. 

Br  and  milk  sugar. 

Reduction  of  ferric  oxalate. 

Etherification,  etc. 


van't  Hoff 
Mbnschutkin 


1855,  173 

1856,  185 

1857,  87,  48,  49 
1859,  82 
1857,  48 
1857,  61 

1861,  691 

1862,  386 
1803,  458,  468 
1877,  25,  88,  89 
1878,10,14,15,613 
1880,  83,  85 

Ber.  10,  669 
JB.  1877,  321 
"     1878,  513,  638 
**     1879,  313,  814 
"     1880,  381,  600,  752,  816 
"     1881,  16 
Ber.  16,  162,  248,  721,  1445, 
1572 
"    16,1615,2237,2502         AcetanlUde.     [Coinpare     L. 

Meyer,  Ber.  16, 1977.] 
««    16,2512,2738  Tertiary  amyl  acetate.  [Com- 

pare Warder,  Sci.  Proc  2, 
2.] 
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Harcourt  (and  JB.  18G4,  9 
ESSON)  *•     18G6,  10 

"     18G7,  28 

Miss  Rkbd  <<    1875,  14 

GuLDBKRa  and     •«    18G6, 15 

Waage  *«     1879,  22 


Gladstonb  (and  "    1871,  18,  16,  16 

Tribk) 

"    1875,  14 

Lbmoinb 

"     1871,  117 

"     1875,92 

Buchanan 

'*     1871,  115,  also 

Ber.  4y  8G8 

Jackson 

JB.  1879,840 

"     1880,  482 

A.C.J.  8.  252 

G.  C.  Thompson  JB.  1879,  594 

Hell  (and 

"     1880,768 

Urech) 

Ber.  15,  273,  987 

**    16,  1144 

Urech 

JB.  1880,386,697 

••     1880,  1021 

Ber.  16,  2130,  2467 

"    le, 762 

"    14,340 

"     16,2685 

Lsn>9 

JB.  1876,  165,  166 

LUNOE 

**     1876,  13 

Dunn 

"     1877,30 

Boouanand 

"     1876,  12 

Ea  JAN  DEB 

Kajandkr 

"     1880,  11 

"     1881,24,211 

Pawuewski 

"     1880,  11 

OSTWALD 

"     1876,  11 

«*     1876,  23 

"     1877,  28,  1088 

"     1878,  27 

«*     1879,  24,  25 

"     1880,  8 

"     1881,11,12 

J.p.C.  [2]  26,  1,  453 

**     [2]  26,  384 

"     [2J  27,  1 

Hum  (and 

JB.  1877,  19,  27 

others) 

"     1879,  21 

"     1880, 10 

Ber.  14,  858,  860 

''    16,394,895,921,958 

C.S.J.  89,  21 

Wriqht  (and 

JB.  1877,91 

otbcrs) 

♦•     1878,  232,  234 

'•     1879,  27 

"     1880,  7,  85,  151 

1  Oxidation  of  C,  H,  0^  by  K, 
1     Mnt  O.  and  of  Hit  bj  Ui  Oa. 

">  General  theory,  with  numer- 
)  ous  illustrations  and  deduc- 
tions. 

Replacement  of  metal  In  salts. 

Metathesis  of  salts. 

H  + 1  *==  HI  and  the  reverse. 
"^  Halogens,  and  carbon  com- 
pounds. 
[Compare  Urecb.] 


} 


Br  etc.    Isobutyl  aldehyde. 
Inversion    of    cane     su^^ar. 
[Compare  Warder.] 


Cu  S  O4  and  glucose. 
Reduction  of  Ag  NO,. 
>  Action  retarded  by  iudUfer- 
$     enc     bodies.       [Compare 
Hood.] 
Solution  of  Ca  COa  etc.    In 
acids. 


Bi  Cli  +  Hj  O.      [Compare 

Muir.] 
Yolame-chemical  studies 


!  Decomposition  of  acetamlde. 
Abstract  in  Sci.  Proc.  2,  44. 

Bi  Clt  +  Hi  0.      [Compare 
Ostwald.] 


Chemical  affinity  and  electro* 
motlTc  force. 


it 


1881,  91 
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Hood 

JB.  1878,  16 
"    1879, 21 
P.M.  [5]  18,  419 

Mills  (and 
others) 

POTIUTZIN 

P.R.S.  28,  268,  270,  273,  or 
C.S.J.  88,437,  438,458 

JB.  1879,29 
"     1881,  12,  16 

Ber.  16,  918,  b099 

Bbketow 

VlLLIBBS 

JB.  1881,  14 

Ber.  16.  775 

JB.  1880,381,595 

Bbamer  and          *'    1880,  906,  or 

Ci^itKR         A.C.J.  2,  329 
Wakdbk             Ber.  14,  13C1 
A.C.J.  8,  55,  340 
Proc.  A.A.A.S.  80,70 

Scl.  Proc.  1,  105,  166,  167 
2,  2, 
Science  2,   176 
RiBAN                   JB.  1881,665,666 

Huston 

I.A.R.  1882,  230 

Calm 
Bbnz 

Spindlbr 

Ber.  15,  609 
**    16,8 
*<    16,  1252 

Retarding  Inflaence  of  salts. 
[Compare  Lange  and 
I)unn.] 


Metathesis.     [Compare  Be- 
ketow.] 


Etheriflcation     of     mineral 

acids. 
Decomposition    of    organic 

salts  by  heat. 
C.HiOC.H«0+NaOH. 


Dissociation  of  brass. 

Decomp.  of  formates  and 
acetates. 

Citrate  on  reverted  phos- 
phate. See  Sci.  Pra.  2, 134. 

>  Naphtylamine  and  dinaphij- 

>  lamine. 
Nitrification  of  benzol. 


American  Bottbrs  and  their  Adulterations.    By  H.  W.  Wilet 
of  Washington,  D.  C. 

I  ABSTRACT.] 

A  series  of  elaborate  experiments  and  analyses  of  various 
samples  of  butter,  oleomargarine,  tallow,  and  lard,  has  been 
made  by  the  author.  The  paper,  which  will  be  printed  in  fall  in 
the  report  of  the  Commissioner  of  the  United  States  Depart- 
ment of  Agriculture,  contained  a  description  of  the  methods 
employed  by  the  author.  He  takes  a  weighed  quantity  of 
the  butter,  puts  it  in  a  sand-bath,  and  dries  for  two  hoars  at 
100®.  The  curd  or  caseine  is  determined  by  ignition :  five  grammes 
are  used  for  the  purpose.  Dry  combustion  in  a  tube  is  difficult 
and  unsatisfactory :  ho  therefore  uses  the  moist^ombustion  meth- 
od, with  permanganate  and  nesslerizing.  The  amount  of  salt  be 
considers  important.    It  is  usually  determined  by  ignition,  and 
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weighiog  the  residue ;  but  he  found  that  so  much  chlorine  was 
thereby  lost,  that  the  result  was  not  trustworthy.  He  washes  the 
batter  by  shaking  it  in  a  separating  funnel  with  hot  water,  and 
then  determines  the  chlorine  with  standard  silver  nitrate  and  po- 
tassium bichromate  as  an  indicator. 

Several  novelties  were  devised  for  these  analyses.  One  is  for 
ascertaining  the  melting-point.  The  butter  is  packed  in  a  U-shaped 
tube,  of  which  one  leg  is  longer  than  the  other.  The  tube  is  placed 
upright  in  a  vessel  containing  sufficient  mercury  to  overflow  the 
top  of  the  tube.  This  vessel  is  placed  in  another  containing  water, 
and  heat  is  applied  beneath.  The  water,  heated,  in  turn  heats  the 
mercury  surrounding  the  tube,  until  the  contents  of  the  tube  are 
melted.  As  soon  as  the  melting  takes  place,  the  melted  material 
leaves  the  tube,  and  floats  on  the  surface  of  the  mercury.  An- 
other method  consisted  in  laying  platinum  wires  upon  the  sample 
of  batter,  etc.,  heating  the  wires,  and  noting  the  heat  required  to 
caase  them  to  disappear  by  sinking  into  the  sample.  These 
methods  determined  not  only  the  melting-point  of  samples  of 
butter,  oleomargarine,  tallow,  and  lard,  but  also  of  the  fatty 
acids.  But  the  variations  in  the  melting  point  of  genuine  butter 
are  so  wide,  that  no  certain  conclusion  can  be  arrived  at  by  com- 
parison with  melting-point  of  oleomargarine,  etc.,  to  test  the 
question  of  genuineness.  Thus  it  was  found  that  first-rate  butter 
from  an  Alderney  cow  at  one  time,  owing  to  special  feeding,  had 
a  higher  melting-point  than  oleomargarine;  while  a  few  weeks 
later,  with  different  food,  the  same  cow  supplied  milk  from  which 
was  made  butter  with  a  lower  melting-point  than  oleomargarine. 

In  regard  to  other  tests,  concerning  which  full  details  were 
given  in  the  paper,  it  may  be  briefly  stated,  that,  as  a  general 
rule,  the  amount  of  caseine  present  in  pure  butter  is  much  greater 
than  in  oleomargarine.  The  specific  gravity  of  genuine  butter  is 
higher.  The  saturation  coefficient  for  the  Insoluble  acids  in  the 
genuine  butter  is  low,  in  the  imitations  it  is  high.  The  author 
placed  more  reliance  on  tests  for  saturation  coefficient  than  on 
other  methods.  The  soluble  fatty  acids  in  pure  butter  range  from 
three  to  five  per  cent;  while  in  oleomargarine,  tallow,  etc.,  they 
arc  either  absent,  or  show  a  mere  trace.  The  author  also  called 
attention  to  polarization  tests.  The  genuine  butter  gives  a  uni- 
form field  in  polarized  light:  oleomargarine  gives  a  field  with 
mottled  and  crystalline  structure.    He  had  made  no  analysis  of 
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butter  known  or  suepected  to  be  adulterated  by  mixture.  He  con- 
sidered it  unwise  to  decide  the  question  of  genuineness  from  any 
one  of  the  constituents  or  conditions  of  a  sample ;  believing  thai 
all  the  different  tests  should  be  brought  to  bear.  He  presented 
elaborate  tables  of  analyses  of  different  kinds  of  butter,  etc; 
specifying  for  each  the  place  of  purchase,  name  sold  by,  price, 
color,  percentage  of  water,  of  caseine,  of  salt,  specific  gravity  at 
40°,  melting  and  solidifying  points,  percentage  of  soluble  and  of 
insoluble  acids,  and  the  melting  and  solidifying  points  and  the 
saturation  equivalent  of  the  insoluble  acids. 


Ok  ;^-dichlordibrompbopionio  and  /^dichlorbromacrtlic  Acids. 
By  C.  F.  Mabert  of  Cleveland,  Ohio,  and  H.  H.  Nicholboh 
of  Lincoln,  Neb. 

[AB8TBACT.] 

When  dry  chlorine  is  passed  through  ^  dibromacryliQ  acid,  the 
reaction  is  easily  accomplished,  and  the  product  may  be  puriOed 
without  difficulty  by  crystallization  from  carbonic  disulpliide. 
This  acid  is  very  sparingly  soluble  in  water,  more  soluble  in  hot 
than  in  cold  carbonic  disulphide  and  chloroform.  It  melts  at 
100°.  Its  salts  were  carefully  studied,  but  the  silver  salt  was 
found  so  unstable  that  it  could  not  be  prepared  in  a  state  of  par- 
ity.    Since  i^-dibromacrylic  acid  has,  without  doubt,  the  form 

CBra 


OH      ,  the  chlorine  addition  product  would  have 

I 

COOH 

CBr,Cl 

I 
the  form  CHCI    .    This  acid  is  entirely  decomposed 

I 

coop 

when  heated  with  an  excess  of  any  alkaline  hydrate.    If,  however, 
the  reaction  is  allowed  to  progress  in  the  cold,  keeping  the  hydrate 
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in  slight  excess,  the  elements  of  hydrobromic  acid  are  easily  re- 
moved, with  the  formation  of  the  corresponding  dichlorbroma- 
crylic  acid.  In  order  to  distinguish  this  from  two  other  products 
which  have  already  been  obtained,  it  will  be  called  the  /'-acid.  It  is 
prepared  by  the  action  of  baric  hydrate  upon  ^-dichlordibromprop- 
ionic  acid,  and  the  reaction  proceeds  so  rapidly  that  it  is  difficult 
to  keep  the  solution  alkaline.  Upon  acidifying  the  baric  hydrate 
solution  with  hydrochloric  acid,  /'-dichlorbromacrylic  acid  is 
precipitated  partly  as  a  crystalline  solid,  and  is  easily  purified  by 
crystallisation  from  hot  water.  It  is  sparingly  soluble  in  cold, 
readily  in  hot  water,  and  readily  soluble  in  alcohol,  ether,  carbonic 
disulphide,  and  chloroform.  It  crystallizes  in  pearly  white  scales, 
which  melt  at  78**  to  80^.  For  further  identification,  the  acid  was 
analyzed,  and  its  salts  submitted  to  careful  study. 


On  the  Formation  and  Constitution  of  ChlordibromacKtlic 
Acid.  By  C.  F.  Mabert  of  Cleveland,  Ohio,  and  Rachel 
Llotp  of  Louisville,  Ky. 

[abstract.] 

In  a  paper  published  in  the  Proceedings  of  the  American  Acad- 
emy of  Arts  and  Sciences,  vol.  xviii,  p.  41,  F.  C.  Robinson  and 
one  of  us  (C.  F.  M.)  mentioned  certain  experiments  in  which  we 
had  tried  to  obtain  an  addition-product  of  brorapropiolic  acid 
with  chlorinemonobromidc.  Although  the  results  then  obtained 
were  not  of  an  encouraging  nature,  it  nevertheless  seemed  possible 
to  obtain  the  desired  product.  On  again  taking  up  the  subject 
the  importance  of  obtaining  chlorinemonobromide  absolutely  free 
from  any  excess  of  bromine  was  evident,  inasmuch  as  a  small  quan- 
tity of  free  bromine  would  form  tribromaciylic  acid  which  could 
not  be  separated  from  the  product  by  crystallization.  After 
several  trials  it  was  found  that,  if  chlorine  was  passed  into  bro- 
mine cooled  to  0°  until  the  latter  was  saturated,  the  product  dis- 
solved in  chloroform  and  this  solution  saturated  at  0°,  no  appre- 
ciable amount  of  tribromacrylic  acid  was  formed  when  brompropi- 
olic  acid  was  added  to  it. 

A.  A.  A.  S.,  VOL.  XXXn.  11 
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The  acid  was  added  slowly,  keeping  the  chlorincmonobromide 
in  excess,  and  this  solution  allowed  to  stand  for  some  time. 
Evaporation  of  the  chloroform  left  a  solid  residue  which  was  easily 
purified  by  crystallization  from  hot  water. 

This  substance  melts  at  104^,  and  is  sparingl^'^  soluble  in  cold, 
more  so  in  hot,  water  and  carbonic  disulphide,  and  quite  soluble  in 
chloroform.  By  slow  evaporation  it  separates  from  a  solution  in 
carbonic  disulphide  in  triclinic  prisms  which  have  been  submitted 
to  a  careful  stud3'  by  Mr.  O.  W.  Huntington. 

The  composition  of  this  acid  was  determined  by  analysis,  and 
it  was  further  characterized  by  a  study  of  its  salts  and  a  determi- 
nation of  its  solubility  in  cold  water. 

The  following  salts  were  examined  :  ' 

Argentic  chlordibromacrylate,  AgCaClBrjOj. 
Rhombic  plates,  permanent  in  diffuse  daylight. 
Baric  chlordibromacrylate,  Ba{C8ClBra02)2  .     SHjO. 
Calcic  chlordibromacrylate,  Ca(CgClBr20s)2  .     2^H20. 
Potassic  chlordibromacrylate  KCsClBrjOj. 

The  potassium  salt  was  so  deliquescent  that  its  crj'stal  wate^ 
could  not  be  determined.  As  a  mean  of  two  determinations  the 
solubility  of  the  acid  in  water  at  20°  was  found  to  be  expressed 
by  the  percentage  5.74. 

Although  previous  experiments  have  shown  (Proc.  Amer.  Acad., 
vol.  xvii,  209,  and  vol.  xviii,  45)  that  chlortribrompropionic 
acid,  like  other  substituted  propionic  acids  containing  several 
halogen  atoms,  is  readily  decomposed  when  heated  with  baric  hy- 
drate in  aqueous  solution,  when  the  action  takes  place  in  the 
cold  in  a  slightly  alkaline  solution,  the  elements  of  hydrobromic 
acid  are  easily  removed  with  the  formation  of  a  chlordibromacrylic 
acid.  We,  therefore,  took  advantage  of  this  reaction  to  compare 
the  resulting  product  with  the  addition-product  above  mentioned 
of  brompropiolic  acid.  The  object  of  this  comparison  was  to 
establish  the  constitution  of  the  chlordibromacrylic  acid  and  thus 
determine  the  manner  in  which  the  elements  of  chlorinemono- 
bromide  united  with  brompropiolic  acid.  Chlortribroraproprionic 
acid  was  allowed  to  stand  for  two  days  with  baric  hydrate 
in  aqueous  solution,  sufficiently  in  excess  to  give  a  distinct  alka- 
line reaction.  On  acidifying  with  hydrochloric  acid,  an  oil  was 
precipitated  which  soon  solidified  and  more  of  the  acid  was  ob- 


CHE1II8TRT.  163 

tained  by  extracting  the  solution  with  ether.  The  product  was 
purified  by  crystallization  from  hot  water  in  which  it  is  much  more 
soluble  than  in  cold.  From  carbonic  disulphide  it  crystallizes  in 
rhombic  prisms  which  melt  at  99^.  Its  identity  was  established 
by  analyses,  and  several  of  its  salts  were  made  and  analyzed. 

The  silver  salt  proved  to  be  so  unstable  that  it  could  not  be 
prepared  in  a  form  sufficiently  pure  for  analysis. 

Baric  chlordibromacrylate,  Ba(C8ClBr20j)2  •  SHjO. 
Calcic  chlordibromacrylate,  CaCCsClBrsO,)!  *  4iHJ0. 
Potassic  chlordibromacrylate,  ECaClBrgOs. 

The  latter  salt  was  so  deliquescent,  its  water  of  crystallization 
could  not  be  determined. 

Two  determinations  of  the  solubility  of  this  acid  in  water  at  20^ 
gave  as  a  mean  the  percentage  2.60. 

A  difference  in  structure  of  the  acid  obtained  by  the  two  meth- 
ods seems  to  be  fully  established  by  the  different  melting  points, 
the  wide  difference  in  stability  of  the  silver  salts,  and  the  different 
degrees  of  solubility  in  cold  water.    If  the  strncture 

CClBr, 

I 
CHBs        assigned  to  chlortribromacrylic  acid  (Proc.  Amer.  Acad., 

I 
COOH 

vol.  xviii,  46)  is  correct,  eliminating  the  elements  of  hydrobromic 

acid  must  of  necessity  give  an  acid  of  the  form 

CClBr 


CBr.  Chlorinemonobromide  can  combine  with  brompropiolic 

I 

COOH 

acid  in  one  of  two  ways : 

(I)  (11) 

CBr  CClBr  CBrj 

III  I  I 

C      +ClBr  =  CBr        or  CCl 

I 
I 


I 
COOH  COOH  COOH 

Brompropiolic  acid.  Chlordibromacrylic  acid 

The  first  form  (1)  is  identical  with  that  of  the  acid  obtained 
fi'om  chlortribrompropionic. 
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Since  the  two  prodacts  have  been  shown  to  be  essentially  dif- 
ferent in  their  properties,  the  second  form  (II)  seems  more  prob- 
able for  the  addition-prodact  obtained  with  chlorinemonobromide. 
If  this  view  is  correct,  it  follows  that  in  this  reaction  the  weaker 
halogen  unites  with  the  terminal  carbon  atom 


On  Orthoiodtoluolsulfonic  Actd.    By  C.  F.  Mabert  of  Cleve- 
land, Ohio,  and  6.  M.  Palmer  of  Cambridge,  Mass. 

[ABSTEACr.] 

When  sulphuric  anhydride  in  small  excess  is  added  gradually 
to  orthoiod toluol,  chemical  reaction  immediately  ensues  as  shown 
by  a  rapid  development  of  heat. 

This  reaction  is  probably  expressed  by  the  equation : 

CeH JoCH,  -f  SO,  =  CaHjToCHaSOj^H. 

The  resulting  product  was  converted  into  the  barium  salt  by 
treating  it  with  an  excess  of  baric  carbonate  after  diluting  with 
water,  the  solution  filtered  and  concentrated  by  evaporation.  On 
cooling,  the  barium  salt  crystallized  in  clusters  of  flat  prisms  or 
needles  which  were  rather  sparingly  soluble  in  hot  water,  much  less 
so  in  cold.  It  was  purified  by  successive  crystallizations  from  hot 
water  and  the  water  of  crystanization  determined  at  100^.  A 
determination  of  barium  in  the  anhydrous  salt  gave  the  formula 
Ba(C7HaIS08)2,  or  for  the  hydrous  salt  Ba(C7HJSO3)j.liH,0. 
On  evaporating  the  mother  liquors  of  the  several  crystallizations 
a  salt  was  deposited  which  differed  somewhat  in  form  from  the 
first,  but  it  was  found  to  contain  the  same  percentage  of  crystal 
water. 

The  free  acid  was  prepared  from  the  barium  salt  by  pre- 
cipitation with  sulphuric  acid.  When  the  water  was  removed  by 
evaporation,  and  the  residue  allowed  to  stand  over  sulphuric  acid, 
the  sul phonic  acid  became  a  thick  syrupy  liquid  which  refused  to 
crystallize. 

From  the  free  acid  the  following  salts  were  prepared. 

Plumbic  orthoiodtoluolsulphonate,  Pb(CTH6lS08)  .2HsO. 

Calcic  orthoiodtoluolsulphonate,  Ca(C7UeISO,).2jH20. 

Argentic  orthoiodtoluolsulphonate,  AgCjHelSOj. 

We  did  not  succeed  in  identifying  a  second  acid,  either  in  the 
mother  liquors  of  the  barium  salt  or  in  the  fVee  acid  itself. 
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The  Composition  op  Amkkicak  Wheat  akd  Cokn.    fiy  Clifford 
Richardson  of  Washington,  D.  C. 

[abstract.] 

This  paper  gave  an  account  of  results  obtained  by  the  author  in 
bis  work  for  the  U.  S.  department  of  agriculture,  and  the  paper 
win  appear  in  full  in  the  Report  of  the  Commissioner  of  the  De- 
partment. More  than  200  analyses  of  wheat,  and  100  of  corn, 
have  been  made  during  the  last  two  years  under  his  supervision. 
It  appears  Uiat  while  our  wheats  are  of  somewhat  lighter  weight, 
they  contain  less  water,  about  the  same  ash,  more  oil,  less  fibre, 
and  less  albumen,  than  the  foreign  wheats.  Among  our  wheats, 
only  those  from  Colorado,  Dakota,  and  Minnesota,  equal  the  Euro- 
pean in  albuminoids  and  in  size  of  grain.  The  wheats  of  the  Atlan- 
tic states  are  poor  in  nitrogen.  Corn,  compared  with  wheat, 
contains  twice  as  much  oil,  less  starch,  more  water  and  fibre,  and 
less  of  albuminoids.  The  following  table  gives  a  condensed  state- 
ment of  the  analyses : — 
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The   Sotol,  a  Mexican  Fobage  Plakt.    By  Clifford  Rich- 
ardson of  Washington,  D.  C« 

lABSTBACT.] 

This  plant,  Dasylirion  Texanuniy  grows  wild  and  extensivelj 
on  the  borders  of  the  Rio  Grande  and  elsewhere  in  Texas,  and  in 
Mexico,  on  a  rocky  and  gravelly  soil.  The  plains  covered  with 
it  look  like  a  vast  cabbage-field.  Sheep  feeding  on  it  go  withoat 
water  for  many  weeks.  Only  the  bulb  is  eaten.  It  is  split  open 
by  the  shepherd,  who  carries  a  knife  for  the  purpose.  Mexicans 
eat  the  bulb  after  roasting  or  baking  it  in  bits.  Also  a  liquor  is 
obtained  from  it,  by  fermenting  and  distilling  after  roasting, 
called  "sotol  mescal/'  and  possessed  of  highly  intoxicating 
powers. 

The  plant  is  described  in  Watson's  Revision  of  the  North- 
American  Liliaceae.  About  18  per  cent  of  sugar  can  be  obtained 
from  the  outer  husks ;  in  the  interior,  more  than  10.5  per  cent 
exists;  and  in  the  whole  head  of  the  plant  there  is  probably 
more  than  15.5  per  cent  of  sugars.  No  starch  seems  to  be  pres- 
ent. 

A  proximate  analysis  of  the  soft  interior  of  the  head  gave  17 
per  cent  sugars :  62  per  cent  of  this  soft  substance  in  the  head, 
when  f^esh,  is  water. 

As  a  food-plant  in  dry  districts,  the  sotol  is  of  great  value ;  as 
a  fibre-producing  plant,  it  will  not  be  of  any  importance,  owing 
to  the  shortness  of  the  cells.^ 


Twelve  months  of  ltsimeter  Record  at  the  New  York  Agri- 
cultural Experiment  Station.  By  E.  L.  Sturtevant  of 
Grcneva,  N.  Y. 

[▲B8TBACT.] 

The  ly  simeters  were  described.    They  are  boxes  of  peculiar  con- 
struction, containing  the  soil  in  its  natural  position.    The  rel- 

>  This  paper  wUl  be  printed  in  ftiU  In  Uie  Report  of  the  U.  S.  Dept.  of  Agriooltiire. 
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atiye  percolation  of  rainfall  through  these  different  soils,  and  the 
evaporation,  are  determined  by  observations  of  the  instrument. 
The  results  are  summarized  as  follows:  sod  land  allowed  11.68 
of  the  rainfall  to  percolate ;  soil  of  which  the  surface  was  simply 
bared  allowed  25.88  per  cent  percolation ;  the  cultivated  soil 
passed  37.93  per  cent.  The  evaporation  from  the  first  of  these 
was,  of  course,  88.32  per  cent ;  from  the  second,  74.12  ;  from  the 
third,  62.07 ;  the^sum  of  percolation  an()  evaporation  being  held 
to  account  for  the  entire  rainfall.  Thispaperwill.be  printed  in 
substance  in  the  Annual  Report  of  the  New  York  Agricultural 
Experimental  Station  for  1883. 


New  Forms  of  Borettes.    By  W.  H.  Seaman  of  Washington, 
D.  C. 


Estimation  of  Carbon  and  Nitrogen  in  Organic  Compounds. 
By  C.  Leo  Mees  of  Columbus,  Ohio. 
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Begularitt  of  Flow  in  Double-cylinder  Rotary  Pumps.    By 
J.  BuRKiTT  Webb  of  Ithaca,  N.  T. 

[ABSTRACT.] 

The  anthor  introduced  his  subject  by  exhibiting  a  number  of 
models  of  these  pumps  from  the  cabinets  of  Cornell  University, 
which  has  recently  purchased  copies  (248  in  number)  of  the 
models  of  the  celebrated  Reuleaux  collection  in  Berlin.  Class  I 
of  this  collection  is  devoted  to  these  pumps.  He  then  produced 
and  demonstrated  a  formula  for  the  flow  of  these  pumps,  and 
showed  that  the  regularity  of  flow  depends  upon  principles  differ- 
ing from  those  which  have  been  given  for  determining  this  point. 
The  formula  given  for  the  flow  (for  unity  thickness)  was : — 

TT  [iJ'S  +  R"^  —  (r^  +  r"^)']  = 

flow  for  one  revolution,  where  R'  and  R"  (generally  equal  to  each 
other)  are  the  extreme  radii  of  the  two  revolving  wheels,  and  r* 
and  r"  are  the  radii  (often,  perhaps  generally,  variable)  from  the 
point  of  contact  between  the  wheels  to  their  centres.  It  was 
shown  that  for  regularity  of  flow  we  must  have  r^-\-  r"^  z=z  con- 
stant. R'  and  R"  may  be  called  the  ^'  piston  radii,"  and  r'  and 
r"  the  "  valve  radii. "  These  pumps  are  called  by  Reuleaux 
^^  Kapselraderwerke,"  or  chamber-crank  trains,  according  to  Ken- 
nedy. 


Improvements  in  Shaping-machines.    By  J.  Burkitt  Webb  of 
Ithaca,  N.  Y. 

[ABSTRACT.] 

In  the  ordinary  shaping-machine  there  are  two  defects,  one  of 
which  is  found  also  in  the  planer.  The  ram  of  a  shaping-machine 
is  a  bar  sliding  in  bearings,  and  carrying  at  one  end  the  cntting- 
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tool.  If  we  represent  by  a  the  variable  horizontal  distance  from 
the  tool  to  the  first  bearing  (or  nearest  end  of  the  long  bearing), 
and  bj  b  the  variable  horizontal  distance  from  the  tool  to  tiie 
second  or  farthest  bearing  (back  end  of  long  bearing),  and  by  c 
the  length  of  stroke,  we  shall  have :— ^ 

Maximum  value  of  a  =  (minimum  value  of  a)  -j"  ^^ 
Maximum  value  of  &  =  (minimum  value  of  b)  -^-e 

In  other  words,  the  length  of  the  ram  is  variable,  and  the  spring 
of  the  ram  from  the  work  is  variable,  the  tool  springing  away 
from  its  work  more  at  the  end  of  its  stroke.  This  springing  takes 
place  mostly  in  the  joint  between  the  ram  and  its  bearings,  and 
cannot  be  wholly  avoided  without  a  change  of  construction.  To 
remedy  the  defect,  the  author  proposes  a  reversed  construction  of 
the  sliding  parts ;  the  two  bearings  (preferable  to  a  long  bearing) 
to  be  formed  on  the  ram,  so  as  to  make  the'  distance  a  and  6  con- 
stant, and  the  long  slide  being  part  of  the  bed  of  the  machine. 

The  second  defect,  which  is  also  common  to  the  planer,  is  in 
having  a  "drop-block"  which  fits  but  indifferently  between  the 
Jaws  and  against  the  bottom  of  its  seat.  From  the  necessity  of 
the  usual  construction,  the  tool  attached  to  this  block  will  have 
more  or  less  spring.  The  remedy  is  to  dispense  with  the  drop> 
block,  and  introduce  an  automatic  motion  to  lift  the  tool  on  the 
return  stroke,  as  has  been  done,  the  author  believes,  on  some  large 
machines. 


A  Comparison  of  Terra-cotta  Lumber  with  other  Materuls. 
By  Thos.  R.  Baker  of  Millersville,  Pa 

[abstract.] 

The  investigation  which  formed  the  subject  of  this  paper  was 
to  ascertain  certain  properties  of  terra-cotta  lumber.  This  ma- 
terial is  a  kind  of  potter's  clay,  and  is  prepared  by  mixing  the  clay 
with  sawdust  and  then  burning  out  the  sawdust.  The  permeabil- 
it}'  of  the  material  to  air  was  determined  by  forcing  air  through 
it  by  means  of  a  column  of  water.  It  was  found  to  be  875  times 
as  permeable  to  air  as  pine  and  135  times  as  brick.  Other  tests 
showed  that  it  is  four  times  as  hard  as  pine,  and  that  its  grip  xm 
nails  driven  into  it  is  about  half  that  of  pine.  It  was  regarded 
as  a  valuable  aiticle  for  the  purposes  for  which  it  is  intended. 
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A  METHOD  OP  TESTING  LONG  PlANE  SURFACES,   APPLICABLE  TO  THE 
ALIGNMENT   OF  PlaNEB-BEDS,    LaTUE-BEDS,   IIeAVY  ShAFTING, 

ETC.    By  Wm.  a.  Rogers  of  Cambridge,  Mass. 

[AB8TBACT.] 

This  paper  consisted  of  a  statement  of  the  difficulties  of  the 
problem,  an  account  of  four  different  methods  tried  by  the  writer^ 
and  the  results  obtained  by  the  new  method,  which  was  described 
as  ''the  method  by  two  microscopes." 


Centrifugal   Force  ih  Turbines.     By  B.  H.   Thurston  of 
Hoboken,  N.  J.  ^ 

[ABSTRACT.] 

A  NOTE  by  Mr.  J.  P.  Frizzell  ("Journal  of  the  Franklin  Insti- 
tate  for  June")  especially  interests  the  writer,  as  he  has  recently  also 
noted  the  same  defect  in  the  accepted  theory.  It  is  so  obvious  as  to 
require  no  proof  that  total  centrifugal  force,  even  where  it  is  nec- 
essaril}'  considered  at  all,  depends  for  its  measure  upon  the  actual 
rotation  of  the  mass  of  fluid,  and  not  at  all  upon  the  movement  of 
the  wheel,  except  so  far  as  the  latter  controls  the  former.  In 
water-wheels,  the  two  rotations  are  very  different  in  their  angular 
measures. 

Plotting  the  path  of  the  water  in  space,  it  will  often  be  found 
that  the  line  is  so  nearly  rectilinear  that  the  action  of  this  force 
may  be  neglected  as  unimportant  in  practice.  This  is  probably 
the  case,  for  example,  in  the  Vallet  wheels.  In  the  Whitelaw 
turbine,  or  ^'  Scotch  reaction  wheel,"  as  it  is  sometimes  called, 
the  spiral  form  given  the  arms  may  often  be  given  such  proportions 
that  the  path  of  the  water  may  be  nearly  a  straight  line  to  the  exit, 
and  centrifugal  force  thus  rendered  so  small  that  it  may  be  neg- 
lected in  the  theory  of  that  wheel.  The  writer  has  been  inter- 
ested in  noting  how  much  this  method  of  treatment  simplifies 
the  theory  of  turbines,  and  how  much  more  nearly,  in  some  cases, 
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the  results  accord  with  experiment.  In  the  last  form  of  wheel, 
for  example,  the  expression  for  maximum  efficiency  becomes 

and  the  speed  of  maximum  efficiency  becomes  such  that  the  orifice 
moves  with  the  velocity  due  the  head.  The  maximum  effort  is 
exerted,  as  it  should  be,  when  the  wheel  is  held  fast,  and  the  effort 
becomes  zero,  when  the  speed  of  orifice  becomes  twice  that  ve- 
locity. 

For  the  common  case,  in  which  the  velocity  of  rotation  of  the 
water  is  a  maximum  at  its  entrance  into  the  wheel  from  the  guides, 
and  becomes  zero  at  exit  from  the  wheel,  varying  in  the  interval 
by  a  uniform  retardation,  we  easily  produce  expressions  for  the 
work  done  by  or  against  the  centrifugal  force,  and  for  the  efll- 
ciency  which  will  not  here  be  given. 


The  Commercial  and  Dtnamic  Efficiencies  of  the  St^am  Engixe. 
By  Robert  H.  Thurston  of  Iloboken,  N.  J 

[AB8TR1CT.1 

The  writer,  at  the  meeting  of  1882  of  the  American  Association 
for  the  Advancement  of  Science,  in  a  paper  on  a  newly  discovered 
"Absolute  Limit  to  Expansion  in  the  Steam  Engine"*  gave  what 
he  has  called  the  "General  Equation  of  Steam  Engine  EflScicDcy." 

In  that  equation  it  was  assumed  that  the  annual  expense  charge- 
able to,  or  variable  with,  the  cost  of  engine  maintenance  and 
operation  could  be  reckoned  per  unit  of  volume  of  steam  cylinder 
without  serious  error.  Althopgh  this  is  often,  and  with  large 
engines  generally,  true,  and  although  it  may  not  lead  to  appreci- 
ably erroneous  results,  it  may  yet  be  sometimes  advisable  to  adopt 
the  more  general  formula  about  to  be  given  and  which  may  be 
made  as  general  and  as  exact  as  msiy  be  desired. 

In  the  equation  above  referred  to,  an  approximate  form  was 
adopted — making  the  denominator  variable  with  variation  of  the 

1  Proceedings  of  the  Amerioan  Association  for  the  Advancement  of  ScieDoe,  I88S; 
Journal  of  the  Franklin  Institata,  1882. 
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waste  by  cylinder  condensation  and  leakage,  instead  of  the  second 
term  in  the  numerator — for  the  purpose  of  obtaining  a  more  man- 
ageable, although  less  precise  expression. 

The  equation  to  be  here  given  may  be  used  when  greater 
precision  and  a  wider  range  of  application  is  thought  desirable  than 
could  be  secured  with  the  equation  already  given  for  general  use 
in  earlier  papers.^  The  mathematical  treatment  may  be  found  in 
the  Franklin  Institute  Journal  Sept.,  1883,  and  b}'  means  of  the 
analysis  there  given  the  "Maximum  EjQSciency  of  a  Given  Plant" 
can  be  easily  determined. 


Velocity  op  a  Piston  in  a  crank  Engine.    By  C.  M.  Woodward 
of  Washington  Universit}',  St.  Louis,  Mo. 

[ABSTRACT.] 

In  the  case  of  a  practically  uniform  angular  motion  of  the  crank, 
the  maximum  linear  velocity  of  the  piston  is  greater  than  the 
linear  velocity'  of  the  crank  pin.  Tlie  points  in  the  path  of  the  pin, 
for  which  the  piston  velocity  is  a  maximum,  are  70°  or  80°  from 
the  nearer  dead-point,  the  exact  position  depending  upon  the  rel- 
ative length  of  the  crank  and  connecting  rod.  This  result  was 
exhibited  graphically  and  shown  to  be  consistent  with  the  obvious 
fact  that  more  than  half  of  the  stroke  is  made  when  the  crank  has 
turned  through  90°  from  the  nearer  dead  point. 

'Transactions  of  the  American  Society  of  Mechanical  Engineers,  1882;  Journal  of 
tho  FranUin  Institute,  February  to  July,  1882. 
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ADDRESS 

BT 

PROFESSOR  C.  H,  HITCHCOCK, 

VICE-PRESIDENT,  SECTION  E 


THE  EARLY  HISTOllY  OF  THE  N.  AMERICAN  CONTINENT 


Thkre  is  a  special  appropriateness  in  the  association  of  geog- 
raphy \vith  geology,  as  indicated  in  the  assignment  of  sciences  to 
section  E ;  for  the  latter  gives  us  an  account  of  the  origin  of  every 
topographical  feature  of  the  earth's  surface,  whether  island,  conti- 
nent, mountain,  plateau,  valley,  or  oceanic  depression.  If  w^ 
would  properly  understand  the  significance  of  the  earth's  contours, 
we  must  unravel  the  mysteries  of  geology ;  so  a  knowledge  of 
topography  is  essential  to  the  complete  comprehension  of  the 
geological  features  of  any  country'.  If  a  geologist  were  taken  b\' 
a  balloon  to  an  unexplored  part  of  the  earth,  he  would  instantly 
recognize,  from  their  topographical  outlines,  volcanic  and  granitic 
cones,  limeetone  hills,  elevated  plateaus  of  basalt  or  horizontal 
sandstones,  and  special  types  of  orographic  structure.  Hence  the 
modern  geologist  first  draws  the  contours  of  his  district  before 
applying  the  colors  of  geological  age.  The  existing  relief  features 
of  the  earth  have  been  produced  one  by  one  in  successive  periods  ; 
and  it  is  the  task  of  the  geologist  to  discover  what  were  the  char- 
acteristic physical  developments  of  the  several  ages.  He  can 
delineate  a  connected  historical  sketch  of  the  beginning,  growth, 
and  completion  of  a  continent.  Such  histories  are  rare,  because 
attention  has  but  recently  been  turned  into  this  direction.  One 
of  the  first  American  geologists  to  frame  such  an  outline  is  Prof. 
J.  D.  Dana,  to  whom  we  owe  the  enunciation  of  this  fundamental 
truth, —  that  the  first  formed  land  has  always  remained  above 
water,  and  has  been  a  nucleus  about  which  zones  of  sediment 
have  accumulated .    We  can  now  recognize  this  primitive  continent, 
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with  all  its  successive  stages  of  growth,  npon  every  geological 
map. 

Time  would  fail  us  to  present  the  entire  plij'sical  liistory  of  onr 
continent ;  and  we  will  therefore  confine  our  attention  chiefly  to 
its  earlier  chapters,  noting  those  points  wliich  are  under  discussioD. 
As  we  are  endeavoring  to  advance  science,  we  must  touch  upon 
debatable  topics,  and  hope  by  friendly  discussions  to  become  wiser. 

"We  must  assume  the  correctness  of  the  commonl}*  received 
opinions  concerning  the  earliest  history  of  our  planet, —  that  it 
passed  through  the  condition  of  a  nebula,  and  then  of  a  burning 
sun,  the  period  of  igneous  fluidity.  By  subsequent  refrigeration 
it  has  become  either  partially  or  wholly  solid.  Not  until  a  cnist 
had  formed,  and  the  earth  had  cooled  enough  to  allow  water  to 
remain  permanently,  was  it  possible  to  talk  of  drj'  land  and  ocean. 
With  these  premises  allowed,  it  seems  to  us  evident  that  the 
material  of  the  earth  must  be  disposed  in  concentric  zones, 
arranged  according  to  density,  the  heaviest  being  at  the  centre. 
If  the  various  elements  wero  free  to  move,  as  is  the  case  in  all 
natural  or  artificial  igneous  fluids,  we  must  expect  to  find  the 
"heavier  metals  situated  beneath  the  others ;  and,  following  the 
analogy  of  extra-terrestrial  bodies,  tlie  central  nucleus  may  be 
principally'  iron,  like  the  heavier  meteors.  Zones  corresponding 
to  stony  meteors,  lavas,  the  trap  family,  and  granites  would  natu- 
rally succeed  in  order,  the  last  named  being  at  the  surface.  This 
outer  zone  is  also  characterized  by  the  presence  of  much  silica  and 
oxygen.  The  primeval  ocean  came  from  the  vapors  surrounding 
the  igneous  sphere,  condensed  to  liquidity  as  soon  as  water  coold 
remain  upon  the  solid  crust  without  immediate  vaporization. 

This  original  crust  may  have  been  essentiall}'  a  plain,  and  con- 
sequently entirely  covered  by  water ;  for  if  the  land  were  now 
levelled  off",  the  ocean  would  submerge  every  acre  of  the  continents. 
As  refrigeration  progressed,  ridges  and  vallej's  would  form  in 
accordance  with  that  fundamental  principle  that  the  outer  envelope 
must  conform  to  the  shrunken  nucleus ;  and  this  contraction  gives 
rise  to  that  tangential  force  or  lateral  pressure  which  has  acted 
through  all  time.  Whether  these  earliest  ridges  rose  above  the 
ocean  would  depend  upon  the  amount  of  elevation.  Some  authors 
argue  that  these  ridges  follow  the  course  of  great  circles.  If 
there  are  causes  adequate  to  produce  such  results, —  or  any  other 
world-wide  arrangement, —  they  must  have  commenced  to  operate 
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at  the  veiy  beginning  of  contraction.  Most  authors  maintain  that 
the  very  thick  strata  of  the  older  rocks  have  been  formed  jnst  like 
modern  sediments,  having  been  broken  off  the  ledges,  and  trans- 
ported into  oceanic  basins  in  horizontal  attitude.  If  so,  there 
mast  have  been  great  mountainous  elevations,  deep  oceanic  de- 
pressions, and  extensive  aqueous  action ;  since  the  thickness  of 
the  crystalline  schists  is  greater  than  that  of  the  strata  in  the 
fossiliferous  ages.  The  amount  of  distortion,  crumpling,  and 
faalting  of  the  crystalline  rocks  is  also  greater.  These  same 
anthors  hold  that  the  original  strata  were  in  all  respects  like 
modern  sands,  gravels,  and  clays,  and  tliat  their  present  crystalline 
structure  is  due  to  metamorphism.  No  one  has  yet  discovered 
any  uncrystalline  pre-Cambrian  beds ;  nor  have  the  original 
foundation  rocks  been  pointed  out,  since  the  oldest  known  layers 
are  stratified,  and  cannot  therefore  have  constituted  part  of  the 
original  nnstratified  crust. 

Professor  Dana  thinks  the  primitive  land  originated  because  of 
a  difference  in  the  rate  of  conduction  of  heat  during  the  process 
of  refrigeration.  Cooling  would  be  fastest  where  the  heat  was 
conducted  most  rapidly.  The  first  areas  to  cool  would  be  the  first 
to  solidify.  The  first  solidified  crust  was  heavier  than  the  adjacent 
liquid  ;  so  it  sank  until  it  found  a  fiuid  as  dense  as  itself.  Then 
the  liquid  above  this  crust  would  in  turn  become  solid,  and 
sink  ;  and  this  process  is  supposed  to  have  continued  until  a  per- 
manent shell  had  become  fixed  in  the  earth's  circumference,  which 
constantly  increased  in  breadth  and  thickness,  becoming  conti- 
nents. Meanwhile  the  other  portions  remained  liquid ;  and  tlieir 
surfaces  must  have  stood  at  the  same  level  with  the  firsUformed 
crust  till  that  congealed,  and  became  depressed  because  of  the 
diminution  of  volume  in  solidification.  These  depressions  became 
the  ocean's  beds.  From  this  beginning  down  to  the  present  time 
the  processes  of  growth  have  consisted  in  the  thickening  of  the 
continents  and  the  settling-down  of  the  oceanic  depressions,  while 
the  chief  force  employed  has  been  the  lateral  pressure  derived 
from  contraction.  LeConte  and  Pratt  express  the  process  thus  far 
described  by  the  term  '^  unequal  radial  contraction."  The  total 
gravity  of  the  particles  of  matter  along  each  radius  is  supposed 
to  be  the  same  ;  and  hence,  if  the  heat  is  conducted  most  rapidly 
over  the  shorter  radii  composed  of  denser  minerals  the  ocean- 
basins  would  cool  first.    These  two  views  thus  demand  a  different 
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arrangement  of  the  lighter  and  denser  materials,  as  pointed  cot 
by  Mr.  W.  O.  Crosby ;  the  one  necessitating  that  the  continents, 
and  the  other  the  depressions,  were  first  to  congeal.  Both, 
however,  make  the  gi-atuitous  and  unproved  assumption,  that 
the  surface  was  not  unifonn  in  composition ;  the  diflTerence 
being  probably  like  that  between  granite  and  trap.  The  prin- 
ciple stated  above  —  that,  where  all  the  particles  are  free  to 
move  in  a  liquid,  the  lighter  elements  must  rise  to  the  surface,  and 
the  heavier  minerals  sink  down  in  proportion  to  their  specific 
gravity  —  is  at  variance  with  this  assumption.  Fortunately  it  is 
not  essential  to  a  right  theory'  of  continental  growth.  There  is  no 
reason,  therefore,  to  doubt  that  the  original  crust  had  essentially 
a  uniform  thickness  over  the  whole  earth.  Contraction  wonUl 
originate  ridges  and  valleys  in  the  normal  way,  most  likely  of 
similar  dimensions.  There  must  soon  burst  forth  ejections  of 
igneous  matter,  owing  to  tidal  attraction ;  and  these  would  show 
themselves  along  the  weakest  lines.  At  the  outset  it  is  difficult  to 
assign  reasons  why  cither  the  elevations  or  depressions  would  be 
the  weaker ;  and  hence  we  should  look  for  a  multitude  of  locations 
of  igneous  overflow,  both  over  the  future  continents  and  oceans. 
There  may  be  no  better  reason  for  the  eventual  enlargement  of  cer- 
tain of  these  volcanoes  than  that  circumstances  only  verj-  slightly 
favored  them ;  but,  this  favor  being  continued,  they  would  exist 
and  enlarge  at  the  expense  of  the  others,  affording  us  another 
illustration  of  the  "  survival  of  the  fittest." 

It  seems  to  us  there  is  now  afforded  an  opportunity  for  revising 
in  a  mo<lified  form  the  view  of  Poulett  Scrope  in  regard  to  the 
origination  of  the  earlier  crj'stalline  deposits.  Suppose  we  say, 
that,  besides  the  original  unstratified  igneous  granitic  material, 
the  oldest  stratified  crystalline  rocks  are  derived  from  volcanic 
ejections  ;  being  the  continued  enlargement  in  size,  and  reduction 
in  number,  of  the  early  indeterminate  vents.  The  several  ejections 
would  increase  in  size  till  the}'^  became  islands,  either  gneissicor 
granitic  ;  and,  if  an  archipelago  is  allowed  us,  we  can  easily  show 
how  continents  would  accumulate,  using  only  the  universally  act- 
ing forces  of  lateral  pressure  and  sedimentary  accumulation. 

Of  other  theories  relating  to  the  origin  of  the  earlier  cr3-stallinc 
beds  I  may  mention  two.  The  first  is  that  advocated  by  Lycll, 
who  termed  these  rocks  hypogene.  After  the  solid  gi-anitic  crust 
had  been  foimed  by  refrigeration,  "  the  hot  waters  of  the  ocean 
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held  in  solution  the  ingredients  of  gneiss,  mica-schist,  bornblende- 
sdiist,  clay  slate,  and  marble, —  rocks  which  were  precipitated  one 
after  the  other  in  a  crystalline  form  "  (Lyell's  Principles  of  Geol- 
ogy<,  tenth  ed.,  i,  142).  In  such  a  menstruum,  life  could  not  have 
existed.  A  very  similar  view  was  advocated  by  Dr.  T.  Sterry 
Hunt  in  his  presidential  address  before  this  association  in  1871. 

The  second  is  the  view  more  commonly  entertained, —  that,  after 
the  solidification  of  the  crust,  s2dimentation  accumulated  stratified 
systems  from  the  granitic  foundations,  as  ordinary  sand,  gravel, 
and  clay,  which  were  subsequently  acted  upon  by  thermal  and 
aqueous  influences,  termed  metamorphlCy  and  thus  converted  into 
crystalline  schists.  The  widespread  and  powerful  action  of  met- 
amorphism  is  conceded ;  but  it  is  a  more  appropriate  adjunct  to 
volcanic  than  sedimentary  accumulation. 

A  few  of  the  considerations  favoring  our  theory  will  now  be 
presented. 

1 .  Considering  the  igneous  origin  of  the  earth,  volcanic  energies 
would  naturally  continue  their  action  as  soon  as  there  was  a  crust 
to  be  broken  through,  and  immense  piles  of  melted  rock  would 
ooze  from  the  numerous  fissures.  Up  to  Laurentian  times  all 
admit  the  universality  of  igneous  outflow,  while  but  few  have  ven- 
tured to  speak  of  anything  like  volcanic  action,  except  as  it  has 
been  manifested  in  the  formation  of  dikes  in  these  early  periods. 
There  has  been  a  tendency  to  class  the  ancient  granites  and  por- 
phyries with  rocks  of  sedimentary  origin,  and  consequently  to 
restrict  the  action  of  igneous  agencies  to  phenomena  of  slight 
importance.  Several  English  writers,  and,  in  our  country.  Dr. 
Selwyn  of  Canada,  have  been  calling  our  attention  to  the  existence 
of  a  volcanic  group  in  later  Iluronian  or  early  Cambrian  times. 
These  are  the  rocks  so  largely  developed  about  Lake  Superior, 
New  England,  and  the  Province  of  Quebec,  consisting  of  stratified 
schists,  diorites,  diabases,  amygdaloids,  and  felsites,  identical  in 
composition  with  true  eruptive  masses  of  the  same  name.  Inves- 
tigation shows  that  oftentimes  these  schists  are  disposed  like  the 
lavas  ejected  from  one  series  of  volcanic  vents.  '  Suppose,  for 
example,  that  Etna  or  Vesuvius  should  become  extinct.  In  the 
course  of  ages  the  rains  would  obliterate  the  craters,  and  reduce 
the  lavas  to  a  rounded  dome  of  greater  or  less  regularity.  We 
should  recognize  the  volcanic  origin  of  the  mountain  in  the  absence' 
of  craters,  from  the  lithological  similai'ity  of  the  rocks  to  those 
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known  to  have  been  melted  and  ejected  from  vents,  while  the  dis- 
posal of  the  material  in  a  conical  attitude  shows  us  that  it  might 
once  have  been  covered  by  craters.  So  we  find  in  our  eastern 
country  many  domes  of  diabasic  or  protogeuic  schists,  whose 
volcanic  origin  may  be  predicated,  both  from  their  lithological 
character  and  physical  aspect. 

Now,  this  volcanic  group  of  IIuix>nian  times  indicates  the  exist- 
ence of  a  greater  degree  of  igneous  activity  than  has  been  des- 
cribed for  the  paleozoic  ages,  even  in  Great  Britain  ;  and  con- 
sequently this  is  an  indication  pointing  significantly  towards  the 
predominance  of  thermal  influences  in  the  still  earlier  periods. 
In  the  Lauren tian  age  the  fires  should  iiave  been  3'et  more  vigor- 
ous, because  the  time  of  universal  igneous  fluidity  was  less 
remote. 

2.  A  careful  study  of  the  crystalline  rocks  of  the  Atlaiilic 
slope  indicates  the  presence  of  scattered  ovoidal  areas  of  Lauren- 
tian  gneisses.  Those  best  known  have  been  described  in  the 
Geology  of  New  Hampshire.  Instead  of  a  few  large  synclinal 
troughs  filled  to  great  depths  with  sediments,  the  oldest  group  is 
disposed  in  no  less  than  twenty-two  areas  of  small  size,  scattered 
like  the  islands  in  an  archipelago.  In  a  chapter  upon  the  pb3'sical 
history  of  the  state,  I  h^ve  proposed  the  theory  that  the  earliest 
land  within  its  limits  consisted  of  this  series  of  islands,  not 
packed  together  as  closely  as  now,  in  an  area  of  perhaps  three 
thousand  five  hundred  square  miles,  but  as  much  more  widely 
separated  as  would  be  determined*  by  smoothing  out  the  various 
anticlinals  and  synclinals  that  were  formed  later.  By  reference 
to  our  maps  in  Maine,  Massachusetts,  New  Jersej',  Pennsylvania, 
Virginia,  North  Carolina,  and  Georgia,  many  similar  ovoidal  Lau- 
rentian  areas  may  be  specified,  usually  larger  than  those  of  Neir 
Hampshire.  This  may  be  due  partly  to  a  less  thorough  knowledge 
of  the  exact  areas  occupied  by  this  older  gneiss,  and  parti}'  to  the 
existence  of  a  greater  number  of  volcanic  vents,  giving  rise  to  a 
more  widely  spread  and  thicker  mass  of  ejected  material.  Over 
the  Atlantic  slope  and  Canadian  Highlands  these  primeval  islands 
l\ave,  in  later  periods,  been  cemented  together  by  a  subsequent 
deposition  of  material ;  but  in  Missouri,  Arkansas  and  Texas,  we 
recognize,  even  now,  these  early  islands. 

8.  The  lithology  of  the  Laurentian  and  other  crystalline  rocks 
is  very  like  that  of  igneous  ejections.     It  is  proper  at  this  pomt 
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to  recall  the  proper  signification  of  the  term  Lanrentian.  As 
originally  defined  by  Logan,  it  included  every  formation  that  an- 
tedated the  Huronian.  The  subdivisions  of  lower,  middle  and 
upper  Lanrentian  are  often  used  by  the  Canadians.  Logan  spoke 
of  the  gneiss  of  Ottawa  and  of  Trembling  mountain  as  being 
decidedly  older  than  most  of  the  series.  In  his  report  for  1845  he 
distinguished  the  groups  by  the  absence  of  limestone  in  the  lower 
and  its  presence  in  the  upper  series.  This  distinction  was  again 
alluded  to  by  him  in  1857  but  never  made  prominent  afterwards. 
Several  3'ears  later  Logan  defined  an  upper  series,  characterized 
by  the  presence  of  triclinic  feldspars,  and  it  was  regarded  as  over- 
lying unconformably  the  gneisses  holding  limestone.  The  names 
Labrador  and  Norian  have  been  applied  to  this  upper  series.  In- 
asmuch as  these  upper  rocks  are  largely  eruptive,  Sehvyn  and 
others  think  that  the  institution  of  a  Labrador  system  is  a  mistake, 
and  hence  that  the  lower  and  middle,  or  the  Ottawa  and  Grenville 
series  represent  the  whole  of  the  Laurentian. 

In  the  report  upon  the  geology  of  Canada  for  1877-1878, 
Selwyn  proposes  to  restrict  the  Laurentian  outcrops  to  "  all  those 
clearly  lower,  unconformable,  granitoid,  or  syenitic  gneisses  in 
which  we  never  find  interstratified  bands  of  calcareous,  argillaceous, 
arenaceous,  and  conglomeratic  rocks."  The  Hastings  and  Gren- 
ville series,  and  all  the  schists  containing  the  eozoon,  are  excluded 
from  the  Laurentian  by  this  definition,  as  well  as  the  Bethlehem, 
Lake  Winnipiseogee,  and  Montalban  groups  of  the  Atlantic  slopie. 
The  lower  Laurentian  is  azoic,  the  other  groups  eozoic ;  and,  unless 
newer  distinctions  are  to  be  made  hereafter,  it  looks  as  if  we 
might  claim  these  various  azoic  Laurentian  islands  as  the  first- 
formed  dry  land,  as  they  certainly  are  the  nuclei  of  the  existing 
continents. 

There  are  no  minerals  in  these  Laurentian  islands  that  do  not 
occur  in  eruptive  granite  ;  and  the  schistose  structure  is  often  so 
faint  that  the  field  geologist  need  not  be  blamed  if  he  acknowl- 
edges his  inability  to  detect  it.  Likewise  we  discover  the  same 
fluidal  inclusions  and  the  vacuoles  that  pertain  to  granite.  If  we 
follow  Sorby  and  Clifton  Ward  in  saying  that  granite  has  been 
formed  beneath  a  pressure  equivalent  to  a  weight  of  forty  thousand 
feet  of  strata,  the  same  must  be  said  of  the  early  gneisses.  With 
this  general  assertion  of  the  identity  of  gneiss  and  eruptive  gran- 
ite, we  must  be  satisfied  at  present,  without  entering  into  detail. 
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4.  The  analogy  of  the  origin  of  oceanic  islands  at  the  present 
day  suggests  the  igneous  derivation  of  the  Lnnrentian  areas. 
Most  of  the  high  islands  of  the  Pacific  are  composed  of  lava,  witli 
the  volcanoes  fi*equently  in  action. 

The  so-called  lowlands  are  likewise  of  volcanic  origin ;  since 
coral  pol3'ps  have  built  up  reefs  upon  the  igneous  area  after  the 
disappearance  of  the  fire,  and  the  Hawaiian  areas  are  encircled 
by  reefs.  After  the  volcanoes  have  become  cold,  loose  material 
would  be  worked  in  between  them,  coral  reefs  would  grow,  and,  In 
various  ways,  the  land  area  would  be  enlarged,  and  finally  an 
archipelago  may  become  a  large  island.  It  needs  only  time  and  a 
repetition  of  these  constructive  agencies  to  make  a  continent  oat 
of  a  series  of  archipelagoes. 

5.  The  oceanic  volcanic  islands  are  not  inferior  in  size  to  the 
crystalline  Laurentian  areas  upon  the  present  continents.  Hawaii, 
of  the  Hawaiian  group,  may  illustrate  their  position  and  shape. 
Its  area  above  the  water-line  is  4,210  square  miles,  and  its 
cubical  contents  above  the  sea-level  are  about  the  same  with  those 
of  New  Hampshire.  It  rises  from  a  plateau  over  16,000  feet  deep, 
thus  forming  a  cone  30,000  feet  high,  whose  cubical  contents  must 
be  twenty  times  greater  than  the  portion  making  dry  land.  The 
length  of  the  entire  series  of  islands,  all  of  similar  character,  is 
350  miles,  and  the  area  of  the  base  of  the  lava  must  be  about 
100,000  square  miles.  These  cones  have  been  built  up  by  the 
accumulation  of  lava  ejected  from  the  interior  of  the  earth,  and 
they  are  entirely  isolated,  the  nearest  land  being  1,000  miles  dis- 
tant. The  ground-plan  of  this  volcanic  mass  is  that  of  two  ellip- 
tical areas,  either  of  which  is  like  some  of  our  Laurentian  islands, 
and  is  certainly  as  large  as  any  of  these  ancient  lands  south  of 
the  St.  Lawrence.  The  land  area  of  the  Hawaiian  Islands  is  less 
than  that  of  Massachusetts,  but  their  base  must  be  equal  to  the 
whole  of  New  England  and  New  York  combined.  Surely  it  can- 
not be  avowed  that  volcanic  areas  are  too  small  to  be  compared 
with  the  space  occupied  by  our  oldest  formation. 

There  are  two  points  requiring  explanation  in  this  connection, 
—  first,  the  supposed  deeply  seated  localities  where  granite  is 
produced  ;  and,  second,  the  origin  of  foliation  in  the  schists. 

We  should  naturally  expect  that  the  earlier  igneous  rocks  would 
have  been  derived  from  reservoirs  quite  near  the  surface,  becanse 
of  the  thinness  of  the  crust.    With  this  notion  agrees  the  presence 
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of  cavities  containing  liquid,  and  of  hydrated  minerals,  which  are 
more  common  in  the  older  eruptive  rocks,  and  have  led  to  the 
aqueo-igncous  theories  of  the  origin  of  granite.  Water  would  be 
scarce  at  great  depths,  and  hence  these  rocks  ought  to  originate 
near  the  surface  where  moisture  was  abundant.  It  seems  to  ns 
that  this  consideration  should  more  than  balance  the  arguments 
Qsually  cited  in  favor  of  the  origin  of  granite  at  enormous  depths, 
as  it  is  difficult  to  see  how  both  can  be  true. 

Mr.  II.  C.  Soi'by  has  led  the  way  in  studies  of  the  mineral 
constituents  of  eruptive  rocks.  He  measures  the  included  cavities 
in  the  component  minerals,  and  calculates  how  much  the  contained 
substances  must  have  contracted  in  cooling,  allowing  for  an 
increase  in  the  temperature  of  the  point  of  vaporization  under 
pressure.  By  assuming  the  temperature  to  be  correctly  deter- 
mined, he  ascertains  the  amount  of  pressure  indicated  by  mathe- 
matical formula,  and  finds  it  to  be  the  equivalent  of  a  thickness 
of  40,000  feet  of  overlying  rock  in  Cornish  granites,  and  of 
60, 000  feet  in  Scotch  granites.  Later  writers  seem  to  have  re- 
garded this  pressure  as  certainly  produced  in  the  way  thus 
suggested,  and  that  its  appearance  at  the  surface  has  been  due  to 
an  enormous  erosion  which  has  denuded  the  overlying  blanket. 
This  conclusion  is  not  necessary  ;  for,  Jirst^  an  enormous  pressure 
would  result  from  the  tangential  force  of  contraction,  which  would 
be  entirely  adequate  to  have  produced  the  cavities.  Second^  the 
necessity  of  an  erosion  of  40,  000  feet  over  all  the  granites  in 
every  part  of  the  world  cannot  be  maintained.  In  North  America, 
for  example,  it  would  necessitate  the  supposition  that  nearly  eight 
uiiics'  thickness  of  rock  had  been  removed  from  one-fourth  of  the 
surface  since  the  Laurontian,  for  the  blanket  removed  would  have 
equalled  in  dimensions  the  crystalline  areas.  The  mere  statement 
of  the  amount  of  denudation  required  refutes  the  theory.  Third,  by 
reference  to  existing  volcanoes,  it  is  plain  that  a  column  of  lava 
will  often  be  adequate  to  exert  the  needed  pressure.  Teneriffe 
rises  1^,  000  feet  above  the  ocean,  and  its  cone  descends  18, 000 
feet  more  to  the  submarine  plateau.  When  the  crater  is  full  of 
melted  lava,  there  must  be  a  pressure  of  30, 000  feet  at  the  base 
of  the  cone :  hence  the  lava  from  the  reservoir  supplying  Teneriffe 
might  exhibit  the  vacuities  produced  by  a  pressure  of  80,000  feet 
without  any  weight  above  the  peak. 
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When  molten  lava  poors  down  the  side  of  a  crater,  the  iDcladed 
vapors  and  liquids  must  disappear  because  of  the  removal  of  (he 
pressure,  but,  after  a  substantial  crust  has  formed,  the  peculiar 
markings  imprinted  at  the  great  depth  would  remain :  hence  we 
can  understand  how  it  is  that  the  vacuities  are  to  be  seen  both  in 
granites  and  lavas  that  have  been  subjected  to  great  pressure. 
At  the  Boston  meeting  of  this  association  I  endeavored  to  show 
that  there  are  mountain  masses  of  granite  in  New  England 
possessing  all  the  physical  characteristics  of  volcanic  cones. 
The  material  must  have  been  liquid,  hot,  ejected  from  a  vent,  and 
flowed  over  a  plateau,  building  up  a  cone,  and  indurating  the 
underlining  floor.  It  was  claimed  that  such  phenomena  could  he 
explained  only  by  supposing  the  granite  to  have  been  erupted 
just  like  lava.  This  granite  contained  the  usual  vacuities  indic- 
ative of  great  pressure  just  as  they  arc  also  found  in  the  lava  of 
Monte  Somma  or  the  trachyte  of  Ponza. 

When  one  examines  the  interior  structure  of  modem  lava-flows, 
he  is  surprised  to  find  beds  nearly  as  well  defined  as  the  foliation 
of  schists.  Around  vents  like  Vesuvius  or  Etna  the  lava  accu- 
mulates naturally  in  quaquaversal  sheets,  no  one  eruption  being 
very  extensive.  When  steam  and  hot  water  are  copiously  sup- 
plied from  the  caldron,  there  may  be  flows  of  hot  mud  and  tufa. 
The  closing  phases  of  eruptions  are  usually  showers  of  ashes 
falling  upon  the  cone  or  beyond.  If  the  vent  is  beneath  the  ocean- 
level,  the  lava  is  minutely  subdivided  and  the  deposit  will  be  like 
sand  or  gravel.  Between  the  igneous  flows  the  ordinaiy  aqueous 
agencies  will  wear  off  excrescences,  and  scatter  the  fragments 
down  the  slope.  These  various  agencies  will  ])  rod  nee  a  concentric 
stratiform  arrangement  in  the  whole  mass.  Where  the  eniptiou 
is  massive,  a  similar  set  of  layers  will  be  formed. 

This  mass  of  volcanic  material  will  be  very  susceptible  to 
metaniorphic  influences  when  placed  under  the  proper  conditions 
of  heat  and  pressure.  As  the  result,  new  minerals  will  be  formed, 
arranged  in  foliated  beds  or  schists.  Thus  briefly  stated  may  be 
the  origin  of  foliation.  So  long  ago  as  1825,  Poulett  Scrope  ad- 
vocated essentially  this  doctrine  for  the  arrangement  of  the  crj-s- 
talline  particles  in  the  crystalline  schists,  having  found  an  anal- 
ogous structure  in  certain  volcanic  accumulations. 

Sufficient  has  now  been  said  in  advocacy  of  our  doctrine  that 
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the  first  land  consisted  of  volcanic  islands.  This  was  the  Lauren- 
tian  or  azoic  accumulation.  Cartographers  ha^^^  not  yet  dis- 
tinguished the  several  crystalline  deposits,  so  that  it  will  not  be 
practicable  at  present  to  point  out  the  supposed  volcanic  areas  of 
the  Hastings,  Grenville,  Montalban,  Huronian,  and  other  cozoic 
periods.  Sedimentation  would  also  act  so  that  in  this  age  many 
beds  must  be  referred  to  an  aqueous  derivation.  By  the  close  of 
theeozoic  age  the  continent  was  outlined  ;  or  at  least  the  framework 
of  the  future  superstructure  was  put  into  position.  The  broader 
patches  about  to  be  mentioned  had  their  origin  in  the  earlier 
numerous  islands  cemented  by  detrital  accumulations. 

The  more  important  areas  developed  in  the  eozoic  must  have 
been  Greenland,  Canada  east  of  Lake  Winnipeg,  the  Atlantic 
district,  the  Rocky  Mountains,  the  Sierra  Nevadas,  and  numerous 
buttes  over  the  Cordilleras.  The  three  great  depressions  of  Hud- 
son's Bay,  the  Mississippi  valley,  and  the  Salt-Lnke  and  Nevada 
basins  commenced  to  sink  very  early,  and  the  future  growth  of 
the  continent  consisted  largely  in  filling  them  up  with  marine 
sediments.  An  inspection  of  a  map  drawn  upon  a  correct  scale  will 
dissipate  the  fancied  resemblance  to  the  letter  V,  in  the  Canadian 
dominion,  so  often  insisted  upon.  Neither  has  the  development 
of  the  land  been  in  bands  parallel  to  the  northwest  and  south- 
east arms  of  this  supposed  angle.  A  better  conception  would 
find  three  great  basins,  excluditig  the  unknown  regions  of  Mexico 
and  Alaska,  in  each  of  which  operations  were  conducted  independ- 
ently. The  best  known  is  that  of  the  interior  of  the  United  States, 
or  the  Mississippi  hydrographic  basin.  This  depression  was 
nearly  encircled  by  a  crystalline  border  of  high  land.  Beginning 
at  Alabama,  we  follow  it  to  New  England,  thence  by  a  slight  gap 
to  the  Adirondack  promontory,  thence  across  the  Lakes  to  the 
Dakota  promontory.  In  Minnesota  and  Dakota  the  schists  are 
more  or  less  covered  by  cretaceous  clays  and  tertiary  sands ;  but 
they  evidently  constitute  the  floor  for  the  later  deposits,  as  seen 
in  the  Black  Hills.  Thus  we  may  connect  the  Dakota  and  Rocky 
Moant&in  crystallines.  From  Wyoming  southerly  the  granites  are 
again  conspicuous  into  New  Mexico.  Thus  the  circuit  is  not  com- 
plete: it  is  like  a  horseshoe,  with  the  lower  Mississippi  valley  in 
the  gap  ;  yet  this  may  have  been  filled  in  the  Cambrian  age,  since 
Laurentian  islands  are  found  in  Texas,  Arkansas,  and  Missouri. 
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Evidence  fboh  Southern  New  England  against  the  Ice- 
berg Theory  of  the  Drift.  By  James  D.  Dana  of  New 
HaveD,  CoDD. 

In  presenting  to  the  Association  evidence  from  southern  New 
England  with  regard  to  the  insufficiency  of  the  iceberg  theory  of 
the  drift,  I  shall  have  to  say  some  things  that  have  often  been  said 
before,  and  by  various  investigators.  But  I  may  claim  for  what 
is  here  brought  forward,  that  it  is,  in  my  own  mind,  the  fortified 
conclusion  of  long-continued  investigation. 

The  arguments  on  the  subject  are  derived  from  three  sources : — 

I.  The  scratches  and  groovings  over  the  rocks. 

II.  The  transported  bowlders  and  other  materials. 

III.  The  facts  as  to  the  relative  level  of  the  land  and  sea. 

/•  Tlie  scratclies  or  grooves  over  tJie  rocks. 

Under  this  head  there  is,  first,  the  old  argument  based  on  the 
universal  distribution  of  the  scratches  over  the  region  of  all  New 
England.  These  effects  of  abrasion  are  to  be  found  everywhere 
beneath  the  soil,  each  fresh  exposure  of  the  rocks  bringing  them 
to  light.  This  was  said  years  ago ;  and  the  conviction  of  its  truth 
has  been  gaining  force  with  every  year  of  additional  observation. 

a.  In  view  of  this  fact,  it  is  urged  rightly  that  onlj^  an  abrading 
agent  that  pressed  heavily  against  the  broad  rocky  surface  could 
have  produced  the  efiects ;  and  such  is  not  an  occasionally  ground- 
ing iceberg,  or  a  succession  of  them.  Neither  is  it  the  still  more 
locally  acting  shore-ice. 

6.  Floating  ice  would  have  found  little  bare  rock  over  the  sea- 
bottom  to  be  abraded.  Like  the  bottom  of  existing  seas,  and 
eminently  those  of  the  continental  borders,  the  submerged  region 
would  have  had  for  the  most  part  a  bottom  of  detritus,  its  former 
detritus,  and  additional  detritus   from   later  depositions.    The 
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removals  would  have  been  local,  aad  relatively  of  small  area.  Con- 
sequent]}',  the  drifting  ice  would  rarely  have  reached  down  to  the 
rocks.  Shore-ice  carried  along  by  the  currents  would  have  bad  a 
better  chance,  and  yet  a  poor  one,  for  the  work  to  be  done. 

c.  The  character  of  the  groovings  and  ploughings  is,  to  a  great 
extent,  such  as  floating  ice  could  not  have  produced.  As  has  been 
often  said,  the  close  uniformity  of  direction  and  parallelism  over 
large  areas,  which  so  generally  prevails,  is  not  a  possible  result 
of  iceberg  action.  The  needed  pressure  and  steadiness  of  move- 
ment are  wanting. 

Troughs  in  hard  granite  even  six  inches  deep  are  the  work  of 
one  and  the  same  moving  tool  for  a  long  period ;  and  one  year 
would  be  long  for  the  steady  action  of  an  iceberg.  If  grounded, 
it  would  do  almost  nothing ;  if  floating  free,  absolutely  nothing  ; 
and  a  nice  adjustment  to  depth  would  be  require<l  for  any  steady 
abrasion,  much  nicer  than  would  have  long  continned  anywhere 
over  the  uneven  bottom. 

In  the  Triassic  sandstone  of  East  Haven,  Conn,  (just  east  of 
New  Haven),  at  a  place  where  the  sandstone  is  a  ver^^  firm,  thick- 
bedded,  gritty  rock,  the  ploughing  ice  ploughed  out  a  piece  of 
moulding,  somewhat  like  tlie  ogee  of  the  carpenter,  which  was  8 
feet  deep,  25  feet  wide,  and  over  120  feet  long,  and  perfectl}'  even 
in  surface  as  well  as  direction. 

d.  The  currents  that  would  have  borne  along  the  icebergs  over 
submerged  New  England,  in  case  of  a  submergence  suflScient  to 
cover  the  highest  striated  surfaces, —  3,000  to  5,500  feet, —  would 
have  been  those  of  the  present  ocean,  the  Labrador  carrent,  and 
Gulf  stream ;  and,  with  less  submergence,  the  same  in  part,  modi- 
fied by  the  courses  of  the  valleys  and  the  tides.  It  is  to  be  noted, 
that  the  New  Haven  region,  in  Connecticut,  is  the  southern  ex- 
tremity of  the  Connecticut  valley.  The  mean  trend  of  this  valley 
in  Connecticut  is  about  S.  15®  W.,  and,  in  southern  Connectient, 
S.  18**  W.  Now,  the  numerous  scratches  over  the  eastern  portion 
of  tlie  New  Haven  region  average  in  direction  S.  16®  W.  ;  bat 
along  its  wester ii  border,  where  the  rapidly  rising  slopes  give  the 
region  rather  an  abrupt  limit  150  to  350  feet  high,  the  scratches 
have  an  average  course  of  S.  33®  W.,  the  extreme  being  S.  27**  W.. 
and  S.  55®  W.  ;  and  S.  33®  W.  is  the  almost  uniform  trend  over  the 
undulating  surface  of  the  country  for  six  to  nine  miles  west.  It  is, 
as  far  as  I  can  sec,  impossible  that  the  valley  stream  should  have 
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had  on  its  west  side  so  wide  a  divergence  from  the  direction  of 
the  Connecticut  valley :  all  the  features  of  Uie  region  oppose  it. 
The  scratches  are  well  exposed  over  the  inetamorphic  rocks  in 
many  places  ;  and  large  and  perfect  examples  of  roches  moutonnees 
here  occur. 

Again :  over  the  higher  lands  of  western  Connecticut  (and  of 
New  England  generall}-,  according  to  the  observations  of  Prof. 
Edward  Hitchcock,  Prof.  C.  H.  Hitchcock,  and  others),  the  direc- 
tion of  the  scratches  is  southeastward.  To  have  produced  them, 
if  icebergs  were  the  agent,  the  submergence  should  have  exceeded 
2,500  feet,  and  this  would  have  given  a  chance  for  the  full  play  of 
the  oceanic  currents ;  and  yet  the  above  direction  does  not  corres- 
pond with  that  of  cither  of  the  great  currents. 

IL  Distribution  of  the  drift. 

Bowlders  of  trap,  from  50  to  1, 000  tons  in  weight,  are  numerous 
in  the  New  Haven  region,  especially  along  its  western  border. 
All  are  Connecticut-valley  travellers ;  for  the  trap  ridges  of  the 
valley — 400  to  1,300  feet  in  height — are  the  only  possible  source. 
They  were  gathered  up  b}'  the  ice  from  these  trap  ridges,  and 
were  carried  15  to  GO  miles  down  the  valley.  It  is  mechanically 
impossible  that  the  larger  bowlders  should  have  been  taken  up,  or 
gathered  in  any  way,  by  floating  ice ;  either  shore-ice,  where  the 
water  was  but  1,000  feet  deep  and  less,  or  by  that  of  icebergs, 
where  the  depth  was  greater.  It  is  well  known,  that  the  distance 
of  drift  transportation  is  in  general  less  than  20  miles.  Hills  of 
but  100  feet  often  have  their  long  trails.  A  moving  glacier  would 
easily  gather  and  carry  along  the  material  from  hills,  high  or  low, 
wherever  loose  or  detachable  masses  of  rock  or  gravel  existed  to 
be  gathered ;  while  floating  ice  would  be  very  poor  at  gathering, 
and  hence  inefficient  in  distributing. 

II L     Relative  level  of  tJie  land  and  sea. 

1  have  examined  carefully  along  southern  New  England  for 
proofs  of  the  Quaternary  submergence  which  the  iceberg  theory 
assumes  to  have  existed  in  the  glacial  era.  I  thought  at  one 
time  that  I  saw  evidence  about  New  Haven  of  a  submergence  of 
45  to  50  feet.  But  the  terrace  that  aflbrded  the  evidence  was 
situated  six  miles  back  from  Long  Island  Sound,  adjoining  the 
rivers ;  and  on  further  examination  I  found  that  the  deposits  had 
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precisely  the  structure  of  those  along  the  river-valleys  farther 
north,  and  that,  in  fact,  they  were  nothing  but  fluvial  formations. 
The  highest  terraces  on  or  near  the  shores  of  the  sound,  in  the 
yicinity  of  New  Haven,  have  a  height  above  mean  tide  of  23  to  26 
feet ;  and  on  Milford  bay,  nine  miles  west,  a  similarly  situated 
terrace  has  a  height  of  30  to  33  feet.  Along  the  hills  facing  the 
waters,  and  the  southern  extremity  of  the  valleys,  no  traces  of  any 
higher  level  exist.  Twenty-five  to  thirtj'-flve  feet  is  the  greatest 
amount  of  submergence  tlie  facts  sustain.  Seaborder  deposits 
exist  at  a  higher  level  on  the  coast  of  Maine  and  on  the  shores  of 
the  St.  Lawrence,  and  show  what  was  the  ix>sition  of  the  shore- 
line in  those  regions.  But  the  level  along  southern  New  England 
is  not  proved  by  the  facts  there  gathered,  neither  is  it  established 
by  the  demands  of  the  Iceberg  theory. 

In  conclusion,  if  icebergs,  or  floating  masses  of  ice,  were  not 
capable  of  covering  with  scratches  great  continuous  areas,  and 
would  have  had  a  chance  for  little  rock-abrasion  on  account  of  the 
covering  of  detritus  ;  if  they  could  not  have  made,  in  their  hitching 
and  swinging  way  of  action,  when  touching  bottom,  scratches  over 
great  areas,  that  had  the  even  course  and  parallelism  characterizing 
those  of  drift  regions,  or  could  not  have  ploughed  out  the  deep 
furrows ;  if  they  could  not  have  gathered  the  great  bowlders  for 
tran spoliation  ;  and  if  the  sea  along  the  sound  did  not  cover  the 
land,  in  any  part  of  the  era  of  ice,  to  a  greater  depth  than  SO  or 
35  feet, — the  iceberg  theory  of  the  drift  may  be  reasonably 
pronounced  unsatisfactory  for  southern  New  England  ;  and  similar 
facts  show  that  it  is  equally  unsatisfactory  for  the  rest  of 
New  England. 


The  Ancient  Glaciation  of  North  America:  its  Extent, 
Character,  and  Teachings.  By  J.  S.  Newbebet  of  New 
York. 

[AB8TBAGT.] 

While  the  glacial  area  on  our  continent  has  not  been  f^lly  ex- 
plored, there  is  abundant  proof  for  the  following  propositions :  1. 
Glaciers  covered  most  of  the  elevated  portions  of  the  mountain 
belts  in  the  west  as  far  south  as  the  86th  parallel,  and  in  the 
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eastern  half  of  the  continent  to  the  40th  parallel  of  latitude.  2. 
The  ancient  glaciers,  which  occupied  the  area  above  describedf 
were  not  produced  by  local  causes,  but  were  evidences  of  a  general 
climatic  condition.  8.  They  could  not  have  been  the  effect  of  a 
warm  climate  and  an  abundant  precipitation  of  moisture,  but  were 
results  of  a  general  depression  of  temperature. 

The  traces  of  glaciation  are  similar  in  kind,  and  apparently  in 
date,  over  the  whole  area :  they  are  therefore  effects  of  general, 
not  of  local,  causes.  East  of  the  Mississippi,  the  evidence  is 
even  more  widespread  and  impressive  than  in  the  far  west.  The 
area  bearing  marks  of  ice  action,  and  strewn  with  drift,  extends 
from  New  England  westward,  parallel  with  the  Canadian  high- 
lands, in  a  belt  five  hundred  miles  wide  and  over  two  thousand 
miles  long.  Its  northern  extension  has  not  been  traced  beyond 
Winnipeg ;  but  there  are  reasons  for  believing  that  it  reached  to 
the  Arctic  ocean,  and  that  the  great  lakes  are  preglacial  river- 
valleys,  scooped  out  and  modified  by  ice.  Fully  half  the  continent 
north  of  the  86th  parallel  was  glaciated.  So  far  as  we  now  know, 
the  glaciation  was  synchronous. 

The  iceberg  theory  was  opposed  on  the  following  grounds :  it 
postulated  a  water-line  with  irregularities  of  level  that  are  irrecon- 
cilable. The  direction  of  the  scratches,  and  the  lines  of  derivation 
of  the  bowlders,  require  that  the  northern  portion  of  the  continent 
should  have  been  all  submerged,  leaving  no  land  for  the  origin 
and  starting-point  of  icebergs.  If  icebergs  could  have  been 
formed  and  fioated,  an  incomprehensible  tangle  of  ocean-currents 
would  be  required  to  account  for  their  movements.  The  evidence 
of  sea-covering,  in  the  form  of  marine  shells,  is  totally  absent 
from  the  great  drift  area  of  the  interior,  while  they  are  found 
abundantly  in  the  Champlain  and  bowlder  clays  of  the  coast. 
Finally,  the  inscription  left  by  the  eroding  agency  is  characteristic 
and  8ui  generis. 

The  record  of  the  ice  period  on  our  continent  is  far  more  exten- 
sive and  impressive  than  has  been  represented.  The  phenomena 
were  due  to  extraneous  and  cosmical  causes,  not  to  anything  local 
or  even  telluric. 

The  question  here  passes  from  the  geologist,  and  must  be 
addressed  to  the  astronomer.  The  author  briefly  recapitulated 
some  of  the  theories  which  have  been  suggested  by  Croll,  New- 
comb,  and  others,  to  account  for  the  glacial  epoch. 
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The  Eroding  Poweb  op  Ice.    By  J.  S.  Newberrt  of  New  York, 
N.  Y. 

[ABSTRACT.] 

The  object  of  this  essay  was  to  enter  a  protest  against  the 
theories  of  certain  geologists  wlio  claim  that  glacial  ice  has  not 
played  an  important  part  in  the  erosion.  Several  heresies  have 
been  advanced  in  regard  to  tliis  subject:  1.  The  denial  that  there 
ever  was  a  glacial  period.  2.  The  assertion  that  if  there  was  aa 
ice  period  it  was  a  warm  and  not  a  cold  one.  8.  That  the  phe> 
nomena  usually  ascribed  to  glacial  action  in  the  record  of  the  ice 
period  were  generally  due  to  icebergs.  4.  That  ice  has  little  or 
no  eroding  power,  and  that  glaciers  have  never  been  important 
geological  agents. 

In  refutation  of  these  theories  the  author  gave  the  result  of  his 
extended  study  of  glacial  action  in  the  Alps,  and  in  ma.uy  differ- 
ent parts  of  the  United  States  and  Canada.  The  conclusions  to 
which  he  had  been  led  by  his  observations  were :  1.  That  the  gla- 
cial period  was  a  reality,  and  that  its  record  constitutes  one  of  the 
most  striking  and  interesting  chapters  of  geological  history.  2. 
That  this  was  a  cold  period.  3.  That  ice  has  great  eroding  power, 
and  that  in  regions  which  they  have  occupied,  glaciers  have  always 
been  important  and  often  preponderating  agents  in  effecting  topo- 
graphical changes. 

The  facts  on  which  these  conclusions  were  based  may  be  sam- 
marized  as  follows:  1.  All  the  mountain  chains  and  highlands  of 
the  west  have  been  simultaneously  covered  witli  ice  or  snow  fields, 
for  moraines,  excavated  lake-basins,  rock-surfaces  marked  with 
the  peculiar  inscription  of  glaciers,  rounded  hillocks,  hills  and 
mountains  attest  the  former  presence  of  ice  in  the  Rocky  Moan- 
tain  belt,  in  the  Wasatch  and  in  the  Sierra  Nevada  from  the  86th 
parallel  as  far  northward  in  British  America  as  explorations  hare 
been  carried.  2.  On  the  Atlantic  coast  the  glacial  toiwgraphy, 
glaciated  rock-surfaces  and  glacial  debris  (till,  moraines,  kames 
and  Champlain  clays),  stretch  continuous!}'  from  New  York  to 
Maine,  and,  as  we  learn  from  many  observers,  to  Greenland,  where 
continental  glaciers  covering  thousands  of  sqnare  miles  and  ap- 
parently some  thousands  of  feet  in  thickness  are  doing  the  work 
of  which  the  record  is  left  farther  south.  3.  The  highlands  north 
of  the  St.  Lawrence,  once  an  elevated  mountain  range,  have  been 
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planed  down  to  an  undulating  surface,  the  topography  resulting 
from  ice  action,  and  every wliere  showing  ice  marks.  4.  A  belt  of 
country  parallel  with  the  Canadian  Highlands  reaching  from  Maine 
west  and  northwest  to  and  beyond  Lake  Winnipeg,  an  area  2000 
miles  by  500,  is  glaciated  and  covered  with  glacial  debris  to  an 
average  depth  of  30  to  50  feet.  5.  The  basins  of  the  Great  Lakes 
were  certainly  once  occupied  by  glaciers,  which  moved  approxi- 
mately in  the  direction  of  their  longest  diameters,  and  have  been 
in  part,  at  least,  excavated  by  ice  action.  6.  Similar  records  re- 
ported by  Forbes  and  Whitmell  in  Norway,  Ramsay,  Geikie  and 
others  in  the  British  Islands,  Penck  in  Bohemia,  Agassiz,  Guyot 
and  others  in  Switzerland,  Godwin-Austen  lu  India,  Darwin  and 
Agassiz  in  South  America,  confirm  the  testimony  of  the  rocks  here, 
and  establish  bcj-ond  question  at  least  one  ice  period  as  a  marked 
chapter  in  geological  history,  and  prove  the  enormous  eroding 
power  of  ice. 

The  erosion  of  ice  is  effected  by  sand,  gravel,  and  bowlders  frozen 
into  its  under  surface  and  carried  forward  in  its  motion  ;  where  the 
glaciers  were  1000  feet  in  thickness  the  ginnding  material  was 
pressed  upon  the  underlying  rock  with  a  force'of  48,700  pounds  to 
the  square  foot.  The  ancient  glaciers  of  New  England  were  from 
3000  to  5000  feet  in  thickness,  exerting  a  pressure  of  from  150,000 
to  250,000  pounds  to  the  square  foot.  The'  weight,  grinding  ma- 
terial and  incessant  motion,  make  glaciers  over  the  area  they  oc- 
cu[>y  far  more  powerful  eroding  agents  than  water.  This  is  proved 
by  the  relative  amounts  of  sediment  carried  by  the  streams  which 
drain  glaciers  and  those  which  do  not.  The  latter  are  made  turbid 
only  by  occasional  and  temporary  rains,  while  the  former  are  al- 
ways opaque  from  the  quantity  of  sediment  they  transport ;  and 
yet  this  is  only  the  finer  material  ground  up  by  the  glacier,  the  coarse 
being  left  behind.  The  quantity  of  transported  matter  has  in 
some  instances  been  measured :  for  example,  the  stream  which 
drains  the  Aar  glacier  brings  down  280  tons  per  day,  and  the 
Justcdal  glacier  of  Norway  wears  down  69,000  cubic  metres  of 
solid  rock  annually ;  and  these  are  measurements  of  the  eroding 
power  of  two  small  glaciers 


202  SECTION   B. 

The  Life-histort  of  the  Niagara  Riveb.    By  Julius  Pohlmak 
of  Buffalo,  N.  Y. 

[ABSTRACT.] 

In  preglacial  times  the  valley  of  the  Tonawaoda  was  occupied 
by  a  lake  whose  waters  found  their  way  into  the  Ontario  valley 
across  the  upper  rapids  at  Niagara  Falls,  thence  along  the  present 
river  gorge  down  to  the  whirlpool,  and  from  here  by  the  way  of 
the  buried  St.  Davis  channel.    After  the  ice  period  this  outlet  was 
closed.     Lakes  Eric  and  Ontario  drained  simultaneously,  as  testi- 
fied by  beaches  around  both  lakes,  until  both  stood  on  a  level  with 
the  Lewiston  heights.    From  this  time  Lake  Ontario  drained 
slowly  With  many  resting  places  and  the  waters  of  Lake  Erie 
flowed  over  the  mudflat  along  the  preglacial  river  valley  between 
Buffalo  and  Lewiston.    We  must  therefore  reject  any  theoiy  of 
falls  at  Lewiston ;  contrary  to  hitherto  accepted  data,  the  waters 
could,  at  their  best,  form  only  a  rapid  over  the  escarpment ;  for  the 
Niagara  limestone  here  is  only  thin,  and  it  was  a  comparatively 
easy  task  for  the  immense  volume  of  water  to  excavate  the  soft 
strata  of  rock  between  Lewiston  and  tlie  whirlpool,  where  it  met 
the  bed  of  the  preglacial  river  up  to  the  present  site  of  the  falls. 
This  fact  explains  why  the  river  turns  almost  at  right  angles  oppo- 
site the  whirlpool.    I  therefore  conclude  that  the  time  necessary  to 
excavate  the  gorge  of  the  Niagara  below  the  falls  has  always  been 
overestimated,  for  that  portion  which  would  take  the  longest  time, 
between  whirlpool  and  fall,  was  already  excavated  in  preglacial 
times  and  the  three  miles  between  whirlpool  and  Lewiston  were 
composed  almost  entirely  of  shales. 


Result  of  Explorations  of  the  Glacial  Boundary  between 
New  Jersey  and  Illinois.  By  6.  F.  Wright  of  Oberlin, 
Ohio. 

[▲B8TBACT.] 

After  citing  reasons  for  desiring  a  careful  resume  of  the  subject, 
— ^e  observations  being  scattered  in  the  works  of  different  ex- 
plorers,—  the  author  proceeded  to  name  those  who  had  determined, 
for  different  regions,  the  southern  boundary  of  the  glaciated  area. 
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Starting  at  the  eastern  coast,  President  Edward  Hitchcock  was 
the  first  to  intimate  that  the  backbone  of  Cape  Cod  was  a  part  of 
the  terminal  moraine  if  the  theory  of  Professor  Agassiz  were  true. 
Clarence  King  made  a  similar  assertion  as  to  accumulations  near 
Wood's  Hoi  I  and  on  the  Elizabeth  islands.  Professor  Charles 
n.  Hitchcock  declared  that  the  backbone  of  Long  Island  was  the 
foot  of  a  terminal  moraine.  Warren  Upham  went  over  this  field, 
from  the  end  of  Cape  Cod  to  Brooklyn,  to  verify  the  hypothesis. 
Professors  Cook  and  Smock  traced  the  moraine  across  the  state  of 
New  Jersey.  Professor  Lesley  commissioned  Professor  H.  Cai*vill 
Lewis  and  the  author  of  the  paper  to  continue  the  exploration 
across  Pennsylvania.  In  Ohio,  l^ofessor  Newberry  had  approxi- 
mately outlined  the  boundary ;  but  in  Ohio,  Indiana,  and  Illinois, 
the  survey  was  carried  on  by  a  number  of  different  persons  before 
the  most  distinctive  glacial  features  were  fully  understood. 

The  chief  indications  on  which  reliance  can  be  placed  to  deter- 
mine glacial  action  are  striated  rocks,  striated  stones,  bowlders, 
and  till.  Rocks  near  the  margin  are  often  so  deeply  covered  with 
till  that  their  markings  are  not  apparent.  The  softer  rocks  do 
not  always  retain  their  strise ;  this  has  often  been  the  case  in 
Ohio.  In  certain  situations,  stones  might  bo  striated  by  a  land- 
slide, or  the  grounding  of  an  iceberg ;  but  the  area  over  which 
striated  stones  are  found  is  too  vast  for  such  explanation  of  their 
presence.  The  bowlders  are  of  granite  and  metamorphosed  rocks 
from  northern  Canada  and  the  shores  of  Lake  Superior;  their 
presenQe  is  relied  upon  only  when  they  are  in  such  situations 
as  to  preclude  the  likelihood  of  their  having  been  transported  by 
the  agency  of  rivers.  Till  is  spread  over  the  whole  area :  it  is 
defined  as  an  unstratified  deposit,  containing  striated  stones  of 
varions  sizes, —  fragments  of  rock  foreign  to  the  locality.  Its 
composition  varies,  through  mixture  with  underlying  material. 
It  covers  and  gives  fertility  to  northern  Ohio,  Indiana,  and  Illinois. 
Till  has  been  well  characterized  by  Professor  Newberry  as  the  grist 
of  the  glacier. 

Briefly  told,  the  boundary-line  of  the  glaciated  area,  so  far 
as  now  accurately  known,  is  as  follows:  beginning  on  the 
island  of  Nantucket,  it  runs  through  Martha's  Vineyard,  No  Man's 
Land,  Long  Island  from  east  to  west,  across  Staten  Island, 
entering  New  Jersey  at  Perth  Amboy,  and  after  bending  north- 
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are  Bofflcient  proof.  For  instance,  the  line  is  near  sea-level  in 
New  Jersey ;  in  Pennsylvania  it  rises  over  Mount  Kittatinny  to  a 
height  of  1,600  feet,  then  descends  800  feet  into  a  valley,  and, 
again  rising,  reaches  the  summits  of  mountains  2,000  feet  above 
sea-level.  Crossing  the  valley  of  the  Susquehanna  at  an  elevation 
of  only  500  feet,  the  line  mounts  the  Alleghenies  diagonally,  and 
runs  over  them  at  a  height  of  2,100  feet. 

The  paper  proceeds  to  describe  certain  marked  features  of 
glaciated  areas.  South  of  New  England,  the  terminal  line  is 
characterized  by  a  series  of  glacial  hills,  100  to  800  feet  high. 
These  are  also  observable  in  New  Jersey,  near  Flainfield  and 
Menlo  Park. 

Among  the  most  interesting  results  of  the  author's  survey  in 
Ohio,  was  the  demonstration  of  the  existence  of  an  ice-dam  across 
the  river  at  Cincinnati.  The  line  bounding  the  glacial  accumu- 
lations crosses  the  Ohio  river  into  Kentucky  near  the  boundary 
between  Campbell  and  Pendleton  counties,  about  twenty-five  miles 
above  Cincinnati,  and  recrosses  it  near  Aurora,  Ind.,  about  twenty- 
five  miles  below  Cincinnati,  thus  filling  the  channel  for  about  fifty 
miles  of  its  course.  The  Ohio,  it  should  be  said,  occupies, 
throughout  nearly  its  whole  extent,  a  narrow  valley  of  erosion, 
not  often  more  than  a  mile  wide,  and  from  800  to  500  feet  deep. 
Emptying  into  the  main  channel  there  are  subordinate  channels 
all  along,  of  smaller  dimensions,  but  of  nearly  equal  depth.  The 
proofs  that  the  ice  bodily  crossed  the  river  at  the  points  indicated 
are,  that  till  and  granitic  bowlders  are  found  on  the  Kentucky 
hills  south  of  the  river  to  a  certain  distance,  and  not  beyond  it. 

To  the  question,  Why  is  the  boundary  of  the  glaciated  area  so 
crooked?  the  author  replied  at  some  length;  assigning  as  a 
principal  cause,  aside  from  differences  of  level,  the  probability 
that  unequal  amounts  of  snow  fell  over  different  regions  to  the 
north.  The  effect  of  such  differences  of  accumulating  snowfall,  in 
determining  the  extension  of  the  glacial  outline,  is  illustrated  by 
supposing  that  two  loads  of  sand  are  placed  in  one  pile,  and  one 
load  in  an  adjoining  pile,  when  the  sand  will  flow  downward  to 
unequal  distances  upon  a  level. 

A  little  reflection  will  show  that  the  glacial  theory  will  not 
make  extravagant  suppositions  as  to  the  amount  of  ice  required. 
The  ice  was  indeed  6000  feet  deep  over  New  England,  and,  very 
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likely,  of  an  equal  depth  over  the  area  to  the  west ;  bat  it  is  not 
necessary  to  suppose  a  great  increase  of  this  depth  to  the  north. 
All  that  is  necessary  is  to  suppose  great  accumulations  of  ice  to 
the  north  of  the  granitic  hills  of  Canada,  starting  a  movement 
past  them  to  the  south.  This  movement  may  have  been  kept  up 
toward  the  margin  by  fresh  accumulations  of  snow  upon  the 
spreading  glacier.  An  accumulation  of  snow  over  the  glacier  in 
any  part  of  it  would  spend  its  effective  force  in  giving  impetus  to 
the  movement  of  the  front  along  the  lines  of  least  resistance. 


Gbnetio  Classification  of  the  Stony  Drift  Clats.    By  J.  C. 
Chamberlin  of  Beloit,  Wis. 

[ABSTRACT.] 

In  a  somewhat  extensive  study  of  the  drift  east  of  the  Rocky 
mountains,  the  importance  of  a  more  complete  genetic  classifica- 
tion of  the  drift  had  been  felt  by  the  speaker.  In  so  far  as  it  is 
possible  to  do  so,  it  is  important  to  determine  the  origin  of  any 
given  diift  deposit  by  its  inherent  characteristics,  for  in  the  closer 
distinctions  which  the  progress  of  this  department  of  science  now 
demands,  stratigraphical  and  other  extraneous  characters  often 
fail  to  present  decisive  criteria.  This  is  especially  true  of  tbe 
pebble  and  bowlder  clays.  Certain  of  them  seem  to  be  plainly  of 
glacial  formation,  while  others  are  as  certainly  to  be  assigned  a 
different  origin.  The  discrimination  between  them  on  the  basis  of 
inherent  constitution  is  one  of  extreme  difficulty,  and  only  partial 
success  can  be  expected,  but  the  attempt  is  none  the  less  impor- 
tant. 

1.  One  characteristic  difference  between  the  classes  of  drift 
clays  is  the  manner  in  which  pebbles  and  bowlders  are  embedded 
in  them.  In  subaqueous  clays,  lines  of  lamination,  in  some  por- 
tions of  the  de|>osit,  at  least,  are  to  be  expected,  and  these  are 
often  seen  to  be  depressed  beneath  the  enclosed  pebbles  or  bowlders, 
as  if  the  latter  had  been  dropped  upon  a  yielding  sui'face  of  clay. 
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while  tbe  laminse  above  curve  over  the  eiTatics  conformably  to 
them,  indicating  subsequent  deposition.  This  is  regarded  as  a 
decisive  criterion,  though  not  universally  applicable,  since  all  sub- 
aqaeous  drift  is  not  distinctly  laminated. 

2.  Again  in  subaqueous  clays,  the  pebbles  and  bowlders  are 
found  to  be  commonly  in  that  position  in  which  they  would  be 
likely  to  strike  on  falling  through  water  upon  soft  clay.  In  the 
true  glacial  clays,  on  the  contrary,  the  rock  fragments  have  been 
observed  to  have  no  definite  or  uniform  position.  This  again, 
where  applicable,  is  an  iipportant  discrimination. 

3.  The  distribution  of  bowlders  through  the  two  clays  is  another 
means  of  discrimination.  In  subaqueous  clays  the  bowlders  are 
observed  to  be  distributed  with  such  uniformity  as  the  law  of 
hazard  would  prescribe.  In  the  glacial  clays  proper,  on  the  other 
hand,  there  is  a  manifest  tendency  to  a  clustering  of  the  bowlders. 
Currents  would  of  couvse  modify  the  distribution  of  bowlders  in 
subaqueous  clays.  Other  agencies  also  might  operate  to  effect  the 
same  result,  but  the  general  lack  of  uniformity  of  distribution  of 
bowlders  through  the  one  class  and  of  clustering  through  the 
other  is  of  wide  application. 

4.  The  surface  contours  of  the  glacial  and  subaqueous  clays 
afford  a  still  further  means  of  distinction.  The  latter  are,  in 
general,  characterized  by  plane  topography,  while  the  former  gen- 
erally  present  several  distinct  phases  of  irregularity.  Aside  from 
the  peculiar  surface  aspects  of  the  moraine  ridges,  the  lenticular 
or  elliptical  hills  present  a  distinct  type  of  glacial  accumulation. 
Allied  to  these  two  diverse  classes,  there  are  two  prevalent  sys- 
tems of  linear  ridging  of  drift,  the  one  parallel  to  glacial  move- 
ment and  the  other  transverse  to  it ;  the  former,  perhaps  due  to 
the  influence  of  preexisting  irregularities  of  surface  and  of  rock- 
resistance,  determining  a  tendency  to  flow  in  channels,  the  latter 
to  secular  and  seasonal  advances  of  the  ice.  Both  of  them  grade 
away  into  unclassifiable  irregularities.  Other  means  of  discrimi- 
nation, less  specific,  or  less  capable  of  brief  statement,  may  be 
found.;  but  combining  the  testimony  of  all,  there  are  still  certain 
pebbly  clays  that  as  yet  elude  positive  identification  by  means  of 
their  inherent  natures,  whatever  judgment  of  them  may  be  based 
upon  external  considerations. 

The  gradations  of  one  type  into  another  present  grave  diffi- 
culties. 
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The  CnARACTER  of  the  Outer  Border  op  the  Drift.    By  T, 
C.  CuAMBERLiN  of  Beloit,  Wis. 

[AB8T1LACT.] 

West  Ok  the  Scioto  valley  in  Ohio  the  extreme  outer  border  of 
the  drift  is  not  usually  marked,  so  far  as  the  writer's  observations 
have  extended,  by  any  definite  moraine,  applying  that  term  only 
to  ridged  aggi*egations  of  drift  due  to  the  forcible  action  of  gla- 
cier ice.  East  of  that  point  on  or  near  the  margin,  definite 
morainic  ridges  prevail.  Outside  of  these  is  the  so-called  glacial 
fringe,  a  border  of  thin  drift  or  scattered  bowlders. 

In  the  western  interior,  however,  an  analogous  phenomenon  at- 
tains a  much  more  important  development.  The  drift  margin 
here  graduates  away  to  a  vanishing  edge.  In  some  portions,  es- 
pecially in  Dakota,  bowlders  constitute  almost  the  entire  portion 
positively  referable  to  drift.  These  repose  upon  residuary  mate- 
rial of  local  origin.  This  border  of  thin  discontinuous  drift 
reaches  its  greatest  extension  in  Dakota,  west  of  the  Missoari 
river.  In  this  region  glacial  clay  and  gravel  are  quite  limited  in 
quantity,  the  peripheral  drift  consisting  very  largely  of  arcbsan 
bowlders,  there  being  but  few  of  palaeozoic  limestone.  These 
bowlders  are  notably  clustered,  the  groups  being  gathered  mainly 
on  prominences,  the  intermediate  depressions  and  even  many  of 
the  eminences  being  comparatively  free  from  them.  The  clusters 
lie  at  unequal  altitudes  and  repose  sometimes  on  summits  and 
sometimes  on  slopes.  West  of  the  Missouri  river  there  is  little  or 
no  evidence  of  glacial  ploughing,  the  topography  being  mainly  of  the 
drainage  type.  East  of  the  river,  in  general,  the  erosion  topography 
is  noticeably  subdued.  The  Missouri  does  not,  however,  accu- 
rately mark  the  transition  from  the  one  type  to  the  other. 

West  of  Pierre  there  are  but  few  bowlders,  but  on  the  east  bluffs 
there  is  an  extraordinary  accumulation  of  them.  At  other  points, 
where  studied,  the  proximate  border  was  found  marked  b}^  an  un- 
usual accumulation  of  bowlders,  beyond  which  there  was  a  scat- 
tered distribution  for  a  considerable  distance. 


I 
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The  Terminal  Moraines  of  the  Later  Epoch.    By  T.  C.  Cham- 
BERLiN  of  Beloit,  Wis. 

[ABSTRACT.] 

The  marginal  accumulations  thus  far  discussed  maik  the  ex- 
treme limit  of  glaclation,  and,  in  the  interior  regions,  belong  to 
the  earlier  glacial  epoch. 

Turning  to  the  border  of  the  later  drift,  we  may  recall  that  in 
1873,  an  investigation  of  a  peculiar  line  of  drift-hills  in  eastern 
Wisconsin,  locally  known  as  the  Potash  Kettle  Range,  which  it  had 
been  suggested  represented  an  old  beach  line,  was  undertaken. 

Investigation  soon  developed  evidence,  that,  instead  of  a  beach 
line,  the  range  is  a  moraine.  The  region  affords  exceptional  ad- 
vantages for  securing  decisive  data,  and  results  essentially  demon- 
strative arc  attainable.  These  show  that  the  Kettle  Range  is  an 
intcrlobate  moraine  formed  jointly  by  glacial  lobes  occupying  the 
valleys  of  Lake  Micliigan  and  Green  Bay  respectively.  It  was 
found  that  this  moraine  bifurcates  in  southern  Wisconsin,  one  por- 
tion continuing  southward,  nearly  parallel  to  the  shore  of  Lake 
Michigan,  while  the  other  curves  to  the  west  and  then  north  form- 
ing a  broad  loop  outlining  the  glacial  tongue  that  then  occupied 
the  Green-bay-Rock-river  valley. 

From  this  initial  region  the  observations  of  the  writer  have 
extended  along  these  two  branches  eastward  and  westward,  and, 
in  connection  with  the  work  of  others,  have  shown  an  essentially 
continuous  morainic  chain  to  the  Atlantic  on  the  one  hand,  and  the 
British  Possessions  on  the  other.  The  looped  disposal  of  the 
moraine,  accompanied  by  recntrairt  angles  and  interiobate  projec- 
tions, signifying  an  extremely  lobed  ice  margin,  and  divergent  in- 
ternal ice-movements,  has  been  found  to  prevail  throughout  the 
Interior.  The  distribution  of  these  great  loops  was  traced  by  the 
writer  upon  the  map,  and  their  significant  relations  to  the  great  val- 
leys indicated.  The  irregularities  of  the  development  of  the  mo- 
raine were  referred  to  and  associated  with  topographical  relations. 

In  response  to  interrogation  as  to  the  time  relations  between  tiie 
older  and  the  newer  drifts.  Professor  Chamberlin  stated  that 
one  of  the  best  bases  of  estimation  was  to  be  found  in  the  amounts 
of  erosion  suffered  by  the  regions  of  older  and  younger  drifts  re- 
spectively. Attention  was  called  to  the  fact  that  tlie  lakes  are 
almost  entirely  confined  to  the  region  north  of  the  terminal  mo- 
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eastward  twenty  miles,  turns  southerly  at  Brown's  Valley,  and 
enters  the  northwest  end  of  Big  Stone  lake.  Here  and  in  its 
whole  extent  thence  to  its  mouth,  the  Minnesota  river  occupies  a 
very  remarkable  valley,  the  origin  of  which  was  first  explained  in 
1868  by  Gren.  6.  K.  Warren,  who  attributed  it  to  the  outflow  from 
an  ancient  lake  that  filled  the  basin  of  the  Red  river  and  Lake 
Winnipeg.  This  valley  or  channel  begins  at  the  northern  part  of 
Lake  Traverae,  and  first  extends  southwest  to  the  head  of  this  lake, 
thence  southeast  to  Mankato,  and  next  north  and  northeast  to  the 
Mississippi  at  Fort  Snelling,  its  length  being  about  two  hun- 
dred and  fifty  miles.  Its  width  varies  from  one  to  four  miles,  and 
its  depth  is  from  one  hundred  to  two  hundred  and  twenty-five  feet. 
The  country  through  which  it  lies,  as  far  as  Carver,  about  twenty- 
five  miles  above  its  junction  with  the  Mississippi,  is  a  nearly  level 
expanse  of  till,  only  moderately  undulating,  with  no  prominent 
hills  or  notable  depressions,  excepting  this  deep  channel  and  those 
formed  by  its  tributary  streams.  Below  Carver  it  intersects  a  belt 
of  terminal  moraine,  composed  of  hilly  till.  Its  entire  course  is 
through  a  region  of  unmodified  drift,  which  has  no  exposures  of 
solid  rock  upon  its  surface. 

Bluffs  in  slopes  from  twenty  to  forty  degrees,  and  rising  one 
hundred  to  two  hundred  feet  to  the  general  level  of  the  country, 
form  the  sides  of  this  trough-like  valley.  They  have  been  pro- 
duced by  the  washing  away  of  their  base,  leaving  the  upper  por- 
tion to  fall  down  and  thus  take  its  steep  slopes.  The  river  in 
deepening  its  channel  has  been  constantly  changing  its  course,  so 
that  its  current  has  been  turned  alternately  against  the  opposite 
sides  of  its  valley,  at  some  time  undermining  every  portion  of 
them.  In  a  few  places  this  process  is  still  going  forward,  but  mainly 
the  course  of  the  Minnesota  river  is  in  the  bottomland.  Compar- 
atively little  excavation  has  been  done  by  the  present  river.  As 
we  approach  its  source  it  dwindles  to  a  small  stream  flowing 
through  long  lakes,  and  we  finally  pass  to  Lake  Traverse,  which 
empties  northward ;  ^^et  along  the  upper  Minnesota  and  at  the 
divide  between  this  and  the  Red  river,  this  valley  or  channel  and 
its  enclosing  bluSs  are  as  remarkable  as  along  the  lower  part  of 
the  Minnesota  river.  It  is  thus  clearly  shown  to  have  been  the 
channel  of  outflow  from  a  lake  formerly  extending  northward 
from  Lake  Traverse  along  the  Red  river  valley.  The  existence 
of  this  body  of  water  is  believed  to  have  been  due  to  the  barrier 
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of  the  receding  continental  ice-sheet,  obstructing  the  natural 
course  of  drainage  northward  as  at  present  to  Hudson  bay  ;  and 
it  is  therefore  called  Lake  Agassiz^  in  memory  of  Professor  Louis 
Agassiz,  the  first  prominent  advocate  of  the  theory  that  the  drift 
was  produced  by  land-ice.  The  shore-line  of  this  lake,  when  it 
stood  at  its  highest  leyel,  marked  by  a  distinct  beach  of  gravel 
and  sand,  upon  a  surface  which  on  each  side  of  this  beach  is 
chiefly  till,  has  been  traced  continuously  175  miles,  from  Lake 
Traverse  easterly  to  Herman  and  thence  northerly  to  Maple  lake, 
twenty  miles  east-southeast  from  Crookston.  The  height  of  this 
beach  has  been  ascertained  at  the  same  time,  by  leyelling  along 
this  entire  distance. 

The  Minnesota  valley  in  many  places  cuts  through  the  sheet  of 
drift  and  reaches  the  underlying  rocks,  which  have  frequent  ex- 
posures along  its  entire  course  below  Big  Stone  lake.  This 
excavation  shows  that  the  thickness  of  the  general  drift-sheet  upon 
ibis  part  of  Minnesota  averages  about  one  hundred  and  fifty  feet. 
The  contour  of  the  old  rocks  thus  brought  into  view  is  much  more 
uneven  than  that  of  the  drift.  In  the  hundred  miles  from  Big 
Stone  lake  to  Fort  Ridgely  the  strata  are  metamorphic  gneisses 
and  granites,  which  often  till  the  entire  valley,  one  to  two  miles 
wide,  rising  in  a  profusion  of  knolls  and  hills,  50  to  100  feet  above 
the  river.  The  depth  eroded  has  been  limited  here  by  the  presence 
of  these  rocks,  among  which  the  river  flows  in  a  winding  course, 
crossing  them  at  many  places  in  rapids  or  falls.  From  New  Ulm 
to  its  mouth  the  river  is  at  many  places  bordered  by  Cretaceous 
and  Lower  Silurian  rocks,  which  are  nearly  level  in  stratification. 
These  vary  in  height  from  a  few  feet  to  50  or  rarely  75  or  100  feet 
above  the  river.  From  Mankota  to  Ottawa  the  river  occupies  a 
valley  cut  in  Shakopee  limestone  underlain  by  Jordan  sandstone, 
which  form  ft-equent  bluff's  upon  both  sides,  50  to  75  feet  high. 
After  excavating  the  overlying  125  to  150  feet  of  till,  the  riVer 
here  found  a  former  valley,  eroded  by  preglacial  streams.  Its 
bordering  walls  of  rock,  varying  from  one-fourth  of  a  mile  to  at 
least  two  miles  apart,  are  in  many  portions  of  this  distance  con- 
cealed by  drift,  which  alone  forms  one  or  both  sides  of  the  valley. 
The  next  point  at  which  the  rive^^  is  seen  to  be  enclosed  by  rock- 
walls  is  in  its  last  two  miles,  where  it  flows  between  bluffs  of 
Trenton  limestone  underlain  by  St.  Peter  sandstone,  100  feet  high, 
and  about  a  mile  apart.     This  also  is  a  preglacial  channel,  its 
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farther  oontinaation  being  oocapied  by  the  Mississippi  river.  Tlie 
only  erosion  effected  by  the  Minnesota  river  here  has  been  to  clear 
away  a  part  of  the  drift  with  which  the  valley  was  filled.  Its 
depth  at  some  earlier  time  was  much  greater  than  now,  as  shown 
by  the  salt-well  on  the  bottomland  of  the  Minnesota  river  at  Belle 
Plaine,  where  202  feet  of  stratified  gravel,  sand  and  clay  were 
penetrated  before  reaching  the  rock.  The  bottom  of  the  pre- 
glacial  channel  tliere  is  thus  at  least  165  feet  lower  than  the  month 
of  the  Minnesota  river. 

Heights  of  the  bluffs,  which  form  the  sides  of  the  valley,  com- 
posed of  till,  enclosing  layers  of  gravel  and  sand  in  some  places, 
and  frequently  having  rock  at  their  base,  are  as  follows,  stated  in 
feet  above  the  lakes  and  river :  along  Lake  Traverse,  100  to  125 ; 
at  Brown's  Valley  and  along  Big  Stone  lake,  mainly  aboat  125, 
the  highest  portions  reaching  150  ;  at  Ortonville,  130 ;  at  Lac  qai 
Parle  and  Montevideo,  100 ;  at  Granite  Falls,  150 ;  at  Minnesota 
Falls,  165;  thence  to  Redwood  Falls,  Fort  Ridgly  and  Nev 
Ulm,  165  to  180 ;  at  Mankato,  200  to  225 ;  at  Saint  Peter  and 
Ottawa,  220  to  230 ;  at  Le  Sueur  and  Henderson,  210  to  225 ;  at 
Belle  Plaine  and  Jordan,  about  230 ;  and  at  Shakopee,  210  to  220. 
The  morainic  hills  through  which  this  valley  extends  below  Shak- 
opee are  225  to  250  feet  in  height.  The  expanse  of  till  through 
which  this  channel  is  eroded  slopes  from  1125  feet  above  the  sea 
at  Big  Stone  lake  to  975  at  Mankato,  in  140  miles ;  and  thence  it 
descends  to  925  at  Shakopee,  in  50  miles.  This  channel,  or  val- 
ley, of  the  Minnesota  river,  lies  nearly  midway  between  the  belt, 
on  its  northeast  side,  of  medial  and  terminal  moraines,  that  ex- 
tends from  Lake  Minnetonka  150  miles  northwest  to  the  Leaf 
hills,  and  the  Coteau  des  Prairies  on  its  southwest  side ;  toward 
each  of  which,  some  fifty  miles  distant  from  this  river,  there  is  a 
gentle  ascent,  sufficient  to  cause  drainage  to  follow  this  central 
line. 

The  height  of  Lake  Traverse  is  970  feet  above  the  sea;  the 
lowest  point  in  Brown's  valley  between  this  and  Big  Stone  lake  is 
only  three  feet  above  Lake  Traverse ;  Big  Stone  lake  is  962  feet 
above  the  sea,  or  eight  feet  below  Lake  Traverse ;  and  the  month 
of  the  Minnesota  river  is  690  feet  above  the  sea,  the  descent  from 
Big  Stone  lake  to  the  moutli  of  the  river  being  272  feet. 

Lakes  Traverse  and  Big  Stone  are  from  one  to  one  and  a  half 
miles  wide,  mainly  occupying  the  entire  area  between  the  bases 
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of  the  Bluffs,  which  rise  about  one  hundred  and  twent3^-five  feet 
above  them.  Lake  Traverse  is  fifteen  miles  long ;  it  is  mostly  less 
than  ten  feet  deep,  an  I  its  greatest  depth  probably  does  not 
reach  twenty  feet.  Big  Stone  lake  is  twenty-six  miles  long,  and 
its  greatest  deptii  is  reported  to  be  from  fifteen  to  thirty  fee**-. 
The  portion  of  the  channel  between  these  lakes  is  widely  known 
as  Brown's  valley.  As  we  stand  upon  the  bluffs  here,  looking 
down  on  these  long  and  narrow  lakes  in  their  trough-like  valley, 
which  extends  across  the  five  miles  between  them,  where  the 
basins  of  Hudson  bay  and  the  Gulf  of  Mexico  are  now  divided,  we 
have  nearly  the  picture  which  was  presented  when  the  melting 
ice-sheet  of  British  America  was  pouring  its  floods  along  tliis 
hollow.  Then  the  entire  extent  of  the  valley  was  doubtless  filled 
every  summer  by  a  river  which  covered  all  the  present  areas  of 
flood-plain,  in  many  places  occupying  as  great  width  as  these 
lakes. 

Gen.  Warren  observed  that  Lake  Traverse  is  due  to  partial  silt- 
ing np  of  the  channel  since  the  outflow  from  the  Red  river  basin 
oeased,  the  Minnesota  river  at  the  south  having  brought  in  suffic- 
ient alluvium  to  form  a  dam ;  while  Big  Stone  lake  is  similarly 
referred  to  the  sediment  brought  into  the  valley  just  below  it  by 
the  Whetstone  river.  Fifteen  miles  below  Big  Stone  lake,  the 
Minnesota  river  flows  through  a  marshy  lake  four  miles  long  and 
about  a  mile  wide.  Tliis  may  be  due  to  the  accumulation  of  al- 
luvium brought  into  the  valley  by  the  Pomme  de  Terre  river, 
which  has  its  mouth  about  two  miles  below.  Twenty-flve  miles 
from  Big  Stone  lake,  the  river  enters  Lao  qui  Parle,  which  extends 
eight  miles,  with  a  width  varying  from  one-fourth  to  three-fourths 
of  a  mile  and  a  maximum  depth  of  twelve  feet.  This  lake,  as 
Gen.  Warren  suggested,  has  been  formed  by  a  barrier  of  strati- 
fied sand  and  silt  which  the  Lac  qui  Parle  river  has  tlirown  across 
the  valley.  He  also  showed  that  Lake  Pepin  on  the  Mississippi 
is  dammed  in  the  same  way  by  the  sediment  of  the  Chippewa 
river ;  and  that  Lake  St.  Croix  and  the  last  thirty  miles  of  the 
Minnesotti  river  are  similarly  held  as  level  back-water  by  the  re- 
cent deposits  of  the  Mississippi. 

All  the  tributaries  of  the  Minnesota  river  have  cut  deeply  into 
the  drift,  because  the  main  valley  has  given  them  the  requisite 
slope.  The  largest  of  these  extend  many  miles,  and  have  their 
mouths  level  with  the  bottomland  of  the  Minnesota  river.    The 
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bluffs  of  all  these  valleys  are  also  everywhere  seamed  and  gullied 
by  frequent  rills  and  springs,  many  of  which  flow  only  after  rains. 
Few  of  the  large  inlets  have  any  great  amount  of  sediment  depos- 
ited  opposite  their  mouths,  showing  that  their  excavation  was 
mostly  done  at  the  same  time  with  that  of  the  main  valley.    The 
short  ravines  are  more  recent  in  their  origin,  and  the  material 
that  filled  their  place  is  commonly  spread  in  fan-shaped,   moder- 
ately sloping  banks  below  their  mouths,    which  are    kept  at  a 
height  from  30  to  40  feet  above  the  present  flood -plain.     The  road 
from  Fort  Ridgely  to  New  Ulm  runs  along  the  side  of  the  blaff 
at  the  only  height  where  a  nearly  level  straight  course  could  be 
obtained,   being  just  above  these  deposits  and  below  the  ra- 
vines. 

The  valleys  of  the  Pomme  de  Terre  and  Chippewa  rivers,  75  to 
100  feet  deep  along  most  of  their  course,  and  one-fourth  of  a  mile 
to  one  mile  in  width,  were  probably  avenues  of  drainage  from  the 
melting  ice-fields  in  their  northward  retreat.  Between  these 
rivers,  in  the  twenty-two  miles  from  Appleton  to  Montevideo,  the 
glacial  fioods  at  first  flowed  in  several  channels,  which  are  exca- 
vated 40  to  80  feet  below  the  general  level  of  the  drift-sheet,  and 
vary  from  an  eighth  to  a  half  of  a  mile  in  width.  One  of  these, 
starting  from  the  bend  of  the  Pomme  de  Terre  river,  one  and  a 
half  miles  east  of  Appleton,  extends  fifteen  miles  southeast  to 
the  Chippewa  river  near  the  centre  of  Tunsburg.  This  old 
channel  is  joined  at  Milan  station  by  another,  which  branches  off 
from  the  Minnesota  valley,  running  four  miles  east-southeast; 
it  is  also  joined  at  the  northwest  corner  of  Tunsburg  by  a  very 
notable  channel  which  extends  eastward  from  the  middle  of  Lac 
qui  Parle.  The  latter  channel,  and  its  Continuation  in  the  old 
Pomme  de  Terre  valley  to  the  Chippewa  river,  are  excavated 
nearly  as  deep  as  the  channel  occupied  by  the  Minnesota  river. 
Its  west  portion  holds  a  marsh  generally  known  as  the  "Big  slough.'* 
Lac  qui  Parle  would  have  to  be  raised  only  a  few  feet  to  turn  it 
through  this  deserted  valley.  The  only  other  localities  where  we 
have  proof  that  the  outflow  from  Lake  Agassiz  had  more  than  one 
channel  are  seven  and  ten  miles  below  Big  Stone  Lake,  where 
isolated  remnants  of  the  general  sheet  of  till  occur  south  of 
Odessa  station  and  again  three  miles  southeast.  Each  of  these 
former  islands  is  about  a  mile  long,  and  rises  75  feet  above  the 
surrounding   lowland,  or  nearly  as   high  as  the  bluffs  enclosing 
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the  valley,  which  here  measures  four  miles  across,  having  a  greater 
width  than  at  any  other  point. 

Terraces  and  high  plains  of  modified  drift,  found  in  many 
places  along  the  valley  of  the  Minnesota  river  from  New  Ulm  to 
its  mouth,  show  that  it  was  once  filled,  doubtless  at  the  close  of 
the  last  glacial  epoch,  with  stratified  gravel,  sand  and  clay,  to  a 
depth  75  to  150  feet  above  the  present  river.  The  remnants  of 
this  deposit  include  the  plateau  of  modified  drift,  about  a  mile 
long  and  an  eighth  of  a  mile  wide,  upon  which  the  west  and  high- 
est part  of  New  Ulm  is  built ;  a  terrace  in  section  27,  Courtland, 
opposite  the  southeast  part  of  New  Ulm,  more  than  a  mile  long 
and  about  an  eighth  of  a  mile  wide ;  a  larger  terrace,  four  miles 
long  and  a  half  mile  wide,  lying  also  in  Courtland,  four  to  eight 
miles  southeast  from  New  Ulm,  upon  which  Courtland  depot  is 
situated;  a  terrace  extending  about  three  miles  northwest  from 
Dcar  Minneopa  falls,  and  varying  from  a  few  rods  to  a  third  of  a 
mile  in  width ;  a  terrace  three  miles  long  east  and  south  of  Kasota ; 
the  ^'sand  prairie,"  about  four  miles  long  and  averaging  a  mile 
wide,  west  and  north  of  Saint  Peter ;  Le  Sueur  prairie,  six  miles 
long  and  from  one  to  three  miles  wide,  beginning  east  of  Ottawa 
and  reaching  to  Le  Sueur;  the  plain  five  miles  long  and  a  mile 
wide,  near  the  middle  of  which  Belle  Plaine  is  built ;  Spirit  hill 
and  ^^sand  prairie,"  southwest  and  northwest  of  Jordan  ;  a  terrace 
eight  miles  long  and  varying  from  a  few  rods  to  two  miles  in  width, 
extending  through  San  Francisco,  Dahlgren,  and  Carver;  and 
Shakopee  prairie,  eight  miles  long  and  averaging  one  mile  wide. 
The  height  of  these  terraces  and  plains  at  New  Ulm  is  about  115 
feet  above  the  river;  in  Courtland,  and  near  Minneopa  falls,  125 
to  150  feet ;  at  Kasota,  Saint  Peter  and  Le  Sueur,  about  150  feet ; 
&t  Belle  Plaine,  about  135  ;  and  at  Jordan,  Carver  and  Shakopee, 
about  125.  Wells  on  the  "sand  prairie"  near  Saint  Peter  and  on 
Le  Sueur  prairie  go  through  sand  and  gravel,  sometimes  with 
layers  of  clay,  to  the  depth  of  75  or  100  feet,  finding  till  below. 
At  Belle  Plaine  the  sand  and  gravel  are  about  50  feet  deep,  under- 
lain by  till.  Shakopee  prairie  has  40  or  50  feet  of  this  modified 
drift,  lying  upon  limestone.  The  principal  remnant  of  these 
deposits  seen  below  Shakopee  was  a  terrace  about  75  feet  high, 
an  eighth  to  a  third  of  a  mile  wide  and  four  miles  long,  extending 
through  Eagan  in  Dakota  county,  its  north  end  being  about  two 
miles  south  of  Fort  Snclling.    This  valley  was  first  excavated  in 
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till,  which  rises  in  continuoas  blaffs  on  each  side  50  to  100  feet 
.  above  these  high  plains  and  terraces  of  modified  drift.  It  was 
afterward  filled  along  this  distance  of  one  hundred  miles  next  to 
its  mouth  with  fluvial  deposits  75  to  150  feet  thick,  sloping  about 
two  feet  per  mile,  through  which  the  channel  has  been  cut  anew. 

With  this  general  view  of  the  valley  of  the  Minnesota  river  as 
it  exists  to-day  we  are  prepared  to  inquire  more  particularly  what 
its  history  was  during  the  vicissitudes  of  the  ice  age  and  from  the 
3lose  of  that  period  until  now.  Its  condition  at  the  beginning  of 
tlie  reign  of  ice  first  claims  consideration.  During  what  ages  was 
its  preglacial  rock-walled  channel  formed?  This  is  in  part  an- 
swered by  deposits  of  Cretaceous  clay  found  in  waterwom  hollows 
of  the  Shakopee  limestone  forming  the  walls  of  this  channel  at  nu- 
merous places  in  Blue  Earth,  Le  Sueur  and  Nicollet  counties,  and 
by  the  occurrence  in  this  valley  in  Courtland  and  New  Ulm  and 
near  Fort  Bidgely  and  Redwood  Falls,  of  Cretaceous  sandstone, 
clay  and  shale,  occasionally  containing  lignite.  It  is  thus  known 
that  before  the  Cretaceous  age,  when  western  Minnesota  and  the 
region  of  the  upper  Missouri  were  depressed  and  covered  by  the 
sea,  a  deep  channel  had  been  cut  by  some  river  in  the  Lower  Mag- 
nesian  strata  of  the  Minnesota  valley.  The  slopes  from  each  side 
toward  this  channel  appear  therefore  to  have  been  partly  like  those 
of  the  present  day.  The  direction  of  drainage  may  even  have 
been  the  same  as  now,  for  the  northern  part  of  the  Mississippi 
river  and  valley  has  probably  existed  since  the  middle  of  Palaeozoic 
time. 

Scanty  exposures  of  Cretaceous  strata  are  found  in  many  parts 
of  Minnesota,  enclosing  sometimes  marine  fossils,  sometimes  im- 
pressions of  leaves,  and  at  a  few  places  thin  layers  of  lignite. 
The  western  two-thirds  of  the  state  were  probably  covered  until 
the  glacial  period  by  deposits  of  this  age  which  have  now  been 
mainly  eroded,  with  much  from  the  underlying  Palaeozoic  rocks, 
and  constitute  a  part  of  the  drift,  irrecognizably  mingled  with 
detritus  and  boulders  that  have  been  brought  from  Laurentian 
and  Huronian  areas  far  to  the  north  and  northeast.  Excepting 
its  partial  submergence  by  the  sea  in  the  Cretaceous  age,  Minne- 
sota seems  to  have  stood  wholly  above  the  level  of  the  ocean  from 
the  beginning  of  the  Carboniferous  period  till  the  present  day. 

Before  the  ice  age  the  rocks  had  been  long  subjected  to  the 
ordinary  disintegrating  agencies  of  rain  and  frost.    Granite  and 
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gneiss  were  thus  generally  decomposed  in  place  to  considerable 
depths.  The  loose  material  resulting  from  snch  decay  was  doubt- 
less spread  somewhat  evenly  over  the  surface,  collecting  to  the 
greatest  depth  in  valleys.  Except  where  it  had  been  transported 
by  streams  and  consequently  formed  stratified  deposits,  the  only 
fragments  of  rock  held  in  this  mass  would  be  from  underlying  or 
adjoining  rocks. 

During  the  ice  age  the  Cretaceous  strata,  mostly  unconsolidated, 
which  covered  western  Minnesota,  the  superficial  deposits  and 
decomposed  rock  produced  by  weathering,  and  the  alluvial  beds 
of  sand  and  gravel  along  the  river-courses,  were  mostly  ploughed 
up  by  the  ice  and  thoroughly  kneaded  with  each  other.  Much 
detritus  was  also  added  from  erosion  of  the  harder  rocks  beneath. 
Large  blocks  and  boulders,  often  already  foimed  by  the  process 
of  weathering,  were  borne  away,  and  the  surface  of  the  bed-rock 
was  worn  and  striated  by  boulders  and  pebbles,  which  were  rolled 
and  dragged  along  under  the  vast  weight  of  ice,  breaking  up  and 
grinding  themselves  and  the  underlying  rock  into  gravel,  sand, 
and  even  the  finest  clay. 

Ledges  of  decomposed  gneiss  and  granite,  found  in  the  Minne- 
sota valley  at  many  points  from  Minnesota  Falls  to  Fort  Ridgely, 
with  their  surface  changed  to  a  soft,  earthy  or  clayey  mass,  resem- 
bling kaolin,  and  the  Cretaceous  beds  before  mentioned,  both  of 
which  would  readily  yield  to  eroding  agencies,  show  that  the 
moving  ice-sheet  did  not  everywhere  plough  up  alf  the  loose  mate- 
rial under  it.  A  considerable  depth,  however,  has  probably  been 
removed  ;  and  these  may  be  scanty  remnants  of  thick  beds  which 
covered  this  region  generally  before  the  glacial  period.  More 
commonly  the  ice-sheet  removed  all  such  material,  and  gathered 
a  part  of  its  drift  from  the  underlying  solid  rocks ;  as  is  shown  by 
their  being  frequently  rounded,  smoothed,  and  marked  with  par- 
allel furrows  and  scratches,  called  striae.  Similarly  scratched 
nebbles  and  boulders  are  found  in  the  glacial  drift.  These  were 
the  graving  tools  by  which  the  bed-rock  was  worn  and  striated. 
They  were  held  firmly  by  being  frozen  in  the  bottom  of  the  ice 
and  were  pushed  forward  by  its  current,  which  thus  recorded  its 
direction.  Our  observations  of  glacial  striae  in  the  Minnesota 
valley  are  as  follows :  one  to  three  miles  southeast  from  the  foot 
of  Big  Stone  lake,  S.  E. ;  near  Odessa,  S.  E. ;  at  Granite  Falls,  in 
several  places,  S.  45°-  50°  E. ;  at  the  dam  of  O  K  mill,  Beaver 
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Falls,  S.  60°  £. ;  one  and  a  half  miles  west  from  Fort  Bidgely, 
8.  G0°  £. ;  at  Redstone,  one  and  a  half  miles  southeast  from  New 
Ulin,  S.  25°  E. ;  at  Jordan,  noted  by  Foss,  Wells  &  Co.,  in  quarry- 
ing and  on  the  site  of  their  mill,  S.  E. 

Within  the  till  are  frequently  found  layers  of  sand  or  gravel, 
which  yield  the  large  supplies  of  water  so  ofben  struck  in  digging 
wells.  Probably  many  of  these  veins  of  modified  drift  were  formed 
by  small  subglacial  streams  and  therefore  cannot  be  regarded  as 
marking  divisions  of  the  glacial  period,  nor  even  any  important 
changes  in  the  overlying  ice.  It  appears,  however,  by  shells, 
remains  of  vegetation,  and  trees,  found  deeply  buried  between 
glacial  deposits  in  this  and  adjoining  states,  that  the  ice  age  was 
not  one  unbroken  reign  of  ice,  but  that  this  retreated  and  read- 
vanced,  or  was  possibly  at  some  times  nearly  all  melted  upon  the 
northern  hemisphere  and  then  accumulated  anew.  Thus  periods 
of  ice  alternated  with  interglacial  epochs,  in  which  animal  and 
vegetable  life  spread  again  northward,  following  close  u[K>n  the 
retreat  of  the  ice-fields.  By  each  new  advance  of  the  glacial  sheet 
much  of  the  previous  surface  would  be  ploughed  up  and  rede- 
posited  ;  hence  we  find  only  few  and  scanty  remnants  of  fossil- 
iferous  beds  in  the  glacial  drift.  At  the  disappearance  of  the 
last  ice-sheet  these  drifted  materials,  seldom  modified  by  water 
in  their  deposition,  formed  a  mantle  100  to  200  feet  thick,  which 
throughout  the  basin  of  the  Minnesota  river  almost  universally 
covered  the  older  rocks. 

Two  principal  glacial  epochs  can  be  especially  distinguished, 
each  subdivided  by  times  of  extensive  recession  and  readvance  of 
the  ice,  as  shown  by  features  of  the  drift  in  this  state.  In  the 
first  glacial  epoch,  when  the  ice  attained  its  greatest  area,  all  of 
Minnesota  except  its  southeast  corner  was  deeply  covered  by  the 
continental  ice-sheet,  and  its  border  was  several  hundred  miles 
south  of  this  district,  in  Nebraska,  Kansas,  Missouri,  and  south- 
ern Illinois,  Indiana  and  Ohio,  extending  somewhat  beyond  the 
Missouri  river,  but  terminating  north  of  the  Ohio  river,  except  m 
the  vicinity  of  Cincinnati,  where  it  reached  a  short  distance  across 
that  river  into  Kentucky,  as  recently  proved  by  Professor  Wright. 
In  the  later  very  severely  cold  epoch,  the  ice-fields  were  of  less 
extent,  and  terminated  in  the  central  part  of  the  United  States 
from  fifty  to  three  hundred  miles  within  their  earlier  limit,  covering 
all  the  basin  of  the  Minnesota  river,  but  not  enveloping  a  large 
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tract  in  the  southwest  corner  of  Minnesota  and  leaving  uncovered 
a  much  larger  area  than  before  in  the  southeast  part  of  the  state. 
The  terminal  moraines  which  form  conspicuous  belts  of  rolling  and 
hilly  drift  in  Wisconsin,  Minnesota,  Iowa  and  Dakota,  were  accum- 
ulated at  the  boundaries  of  the  ice  of  the  last  glacial  epoch.  Be- 
tween these  epochs  the  ice  was  melted  away  within  the  basins  of 
the  Minnesota  and  Red  rivers,  and  probably  from  the  entire  state. 
The  gi*eater  part  of  the  till  appears  to  have  been  deposited  by  the 
earlier  ice-sheet ;  and  during  its  retreat  this  till  was  overspread  in 
some  places,  especially  along  the  avenues  of  drainage,  by  beds  of 
modified  drift,  or  stratified  gravel,  sand  and  clay,  washed  from  the 
material  that  had  been  contained  in  the  ice  and  now  became  ex- 
posed upon  its  surface  to  the  multitude  of  rills,  rivulets  and  rivers 
that  were  formed  by  its  melting. 

In  the  principal  interglacial  epoch,  this  drift-sheet  was  chan- 
nelled by  water-courses  till  its  valleys  were  apparently  as  numerous 
and  deep  as  those  of  our  present  streams.  The  interglacial 
drainage  sometimes  went  in  a  different  direction  from  that  now 
taken  by  the  creeks  and  rivers ;  and  the  valleys  then  excavated  in 
the  drift,  though  partly  refilled  with  till  dliring  the  last  glacial 
epoch,  ai*e  still,  in  some  instances,  clearly  marked  by  series  of 
lakes,  as  in  Martin  county,  in  the  south  edge  of  Minnesota.  More 
commonly  the  interglacial  water-courses  must  have  occupied  nearly 
the  same  place  with  the  valleys  of  the  present  time ;  and  there 
seems  to  be  conclusive  proof  that  this  was  true  of  the  entire  valley 
of  the  Minnesota  river.  A  long  period  intervened  between  the 
great  glacial  epochs ;  the  earlier  ice-sheet  gradually  retreated 
northward ;  a  lake  was  formed  in  the  Bed  river  valley  by  the  re- 
ceding ice-barrier  on  the  north ;  the  outflow  from  this  lake,  and 
the  drainage  of  the  Minnesota  basin  itself,  appear  to  have  exca- 
vated the  valley  of  the  Minnesota  river  neai'ly  as  it  now  is ;  and 
the  further  recession  of  the  ice-sheet  probably  even  allowed  the 
drainage  of  the  Red  river  basin  to  take  its  course  northward,  as 
now,  to  Hudson  bay,  this  being  indicated  by  fossiliferous  beds, 
containing  the  shells  and  vegetation  of  swamps,  and  trunks  of 
trees,  underlain  and  overlain  by  till,  within  the  area  that  had  been 
covered  by  this  interglacial  lake  and  was  afterward  occupied  by 
Lake  Agassiz  at  the  close  of  the  last  glacial  epoch. 

Since  all  this,  a  severely  cold  climate  again  prevailed,  accumu- 
lating a  vast  sheet  of  ice  once  more  upon  British  America  and 
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the  greater  part  of  Minnesota.  Beneath  this  glacial  sheet  the 
valley  of  the  Minnesota  river  was  partly  refilled  with  till,  bat  it 
evidently  remained  an  important  feature  in  the  contour  of  the  land 
surface.  Perhaps  it  had  been  the  pathway,  along  the  lower  part  of 
its  extent,  of  a  subglacial  river  during  the  later  epoch  of  ice.  At 
the  final  melting  of  this  ice-sheet,  its  waters,  discharged  in  this 
channel,  quickly  removed  whatever  obstructing  deposits  of  drift  it 
had  received  and  undermined  its  bluffs,  giving  them  again  the 
steep  slopes  produced  by  fluvial  erosion.  This  partial  excavation 
and  sculpture  anew  were  then  immediately  followed,  during  the 
retreat  of  the  ice-sheet,  by  the  deposition  of  the  modified  drift 
seventy-five  to  one  hundred  and  fifty  feet  deep,  remnants  of  which 
occur  frequently  as  extensive  terraces  on  the  sides  of  this  valley, 
from  its  mouth  to  New  Ulm,  and  less  distinctly  beyond.  Had  not 
the  great  valley  existed  nearly  in  its  present  form  through  the  last 
glacial  epoch,  it  could  not  have  become  filled  with  this  modified 
drift,  which  must  belong  to  the  era  of  melting  of  the  last  ice- 
sheet. 

Modified  drift,  which  was  probably  deposited  during  the  reces- 
sion of  the  ice  of  the  earlier  glacial  epoch,  was  observed  near  New 
Ulm,  forming  a  thick  bed  of  stratified  gravel  and  sand  enclosed  in 
the  till.    The  section  showing  this  is  on  the  extension  of  Center 
sti*eet,  a  half  mile  west  of  New  Ulm,  where  it  rises  to  the  top  of 
the  bluff,  one  hundred  and  eighty  feet  above  the  river,  but  only 
some  one  hundred  feet  above  its  old  channel  which  lies  between 
New  Ulm  and  this  bluff.    The  height  here  reached  is  the  general 
level  of  the  vast  prairie  of  gently  undulating  till,  through  which 
the  Minnesota  valley  is  excavated.    The  grade  cuts  to  a  depth  of 
about  forty  feet  at  the  edge  of  the  bluff,  and  thence  ascends,  with 
decreasing  depth  of  cut,  along  a  distance  of  about  twenty-five 
rods,  to  the  surface  of  the  drift-sheet.    This  excavation  exhibits 
two  deposits  of  true  till,  separated  by  modified  drift  which  is 
probably  an  interglacial  formation,  supplied  at  the  time  of  final 
melting  of  the  earlier  ice-sheet  and  spread  beyond  its  receding 
margin  u|)on  the  unchannelled  surface  of  the  till  that  had  been 
formed  during  that  earlier  part  of  the  ice  age.    The  upper  bed  of 
till,  thus  apparently  representing  the  total  thickness  of  the  drift 
deposited  here  in  the  last  glacial  epoch,  is  sixteen  to  eighteen  feet 
thick,  and  is  an  entirely  unstratified  yellowish  gravelly  clay,  con- 
taining occasional  rock-fragments  up  to  six  or  eight  inches  in 
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diameter,  but  showing  only  two  or  three  of  larger  size,  these  being 
two  to  three  feet  in  diameter.  The  bottom  of  this  upper  till,  seen 
clearly  exposed  along  a  distance  of  aboat  two  hundred  and  fifty 
feet,  is  an  almost  exactly  level  line.  Next  below  is  the  modified 
drift  which  is  supposed  to  have  had  its  origin  from  the  melting 
ice-sheet  of  the  earlier  glacial  epoch.  Its  thickness  is  also  six- 
teen to  eighteen  feet,  and  consists  of  yellowish  gravel  and  sand, 
containing  pebbles  up  to  six  or  eight  inches  in  diameter,  quite 
ferruginous  in  the  lowest  one  to  three  feet,  levelly  stratified 
throughout,  but  having  the  horizontal  layers  often  obliquely  lami- 
nated, the  dip  of  this  lamination  being  to  the  east  or  northeast, 
toward  the  Minnesota  river,  and  varying  in  amount  from  two  or 
three  to  fifteen  or  twenty  degrees.  Tlie  underlying  till  was  seen 
along  an  extent  of  one  hundred  feet,  the  greatest  depth  cut  into  it 
being  about  eight  feet.  Its  upper  line,  separating  it  from  the 
modified  drift,  is  approximately  level  but  undulating,  with  its 
highest  points  two  or  three  feet  above  the  lowest.  This  till,  like 
the  upper  bed,  bears  no  marks  of  stratification  ;  and  neither  shows 
any  interbedding  or  transition,  but  both  are  bounded  by  definite 
lines,  at  their  Junction  with  the  intervening  gravel  and  sand.  The 
lower  bed  of  till  is  dark  bluish,  excepting  for  about  twenty  feet 
from  the  face  of  the  bluff  inward,  where  weathering  has  changed 
it  to  the  same  yellow  color  that  characterizes  the  modified  drift 
and  upper  till.  In  other  portions  of  the  Minnesota  valley,  its 
blnfiTs  frequently  exhibit  modified  drift  interbedded,  sometimes  in 
deposits  of  large  extent  and  thickness,  with  the  till,  which  makes 
up  the  principal  mass  of  these  bluffs  and  of  the  drift-sheet. 

A  peculiar  stratification  observed  in  several  of  the  deposits  of 
clay,  which  form  part  of  the  teiTaces  of  modified  drift  in  the  Min- 
nesota valley  in  Scott  and  Carver  counties,  belonging  to  the  time 
of  departure  of  the  last  ice-sheet,  api)ears  to  aflbrd  a  measure  of 
the  rate  of  deposition.  In  Mr.  Charles  Rodell's  excavation  for 
brick-making  at  Jordan,  the  clay  is  bedded  in  distinct  horizontal 
layers  from  three  to  eight  inches  thick,  averaging  six  inches. 
These  layers  are  dark  bluish,  often  finely  laminated,  changing 
above  and  below  to  a  nearly  black,  more  unctuous  and  finer  clay, 
which  forms  the  partings  between  them.  These  divisions  are 
clearly  seen  through  the  whole  extent  of  this  excavation,  which 
reaches  twenty-five  feet  below  the  top  of  the  clay  and  is  four  rods 
long.    The  height  of  its  top  is  estimated  to  be  sixty-five  feet 
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above  the  river.  The  excavation  of  Nye  &  Co.,  at  Carver,  where 
the  exposure  is  foar  rods  loDg  and  fifteen  feet  high,  with  about 
the  same  elevation  above  the  Minnesota  river  as  the  forgoing, 
exhibits  the  same  stratification,  except  that  here  the  layers 
all  have  a  nearly  uniform  thickness  of  three  inches.  There 
is  a  tendency  to  split  at  the  darker  partings,  which  are  seen 
to  extend  continuously,  never  passing  one  into  another,  and  pre- 
serving a  very  constant  width  of  three  inches  apart,  through  the 
whole  of  the  section  exposed.  They  are  from  an  eighth  to  three 
quarters  of  an  inch  thick,  gradually  merging  above  and  below  into 
the  less  dark  clay  that  makes  up  the  principal  mass  of  these  layers. 
The  bedding  is  nearly  level,  but  dips  one  to  two  degrees  away  at 
each  side.  In  this  depth  of  fifteen  feet  there  are  thus  about  sixty 
layers,  all  closely  alike.  The  alternating  conditions  which  pro- 
duced them  were  evidently  repeated  sixty  times  in  uninterrupted 
succession.  The  onlj'  explanation  of  this  which  seems  possible  is 
that  these  divisions  mark  so  many  years  occupied  by  the  de|K>si- 
tion  of  tins  clay.  Layers  nearly  like  those  in  the  clay  at  Carver 
and  Jordan  are  also  seen  in  other  clay -beds  in  this  valley  and  in 
that  of  the  Mississippi  in  this  state.  The  principal  mass  of  each 
layer  is  regarded  as  the  de[K>sition  during  the  warm  portion  of  a 
year,  and  the  very  dark  partings  as  the  sediment  during  winter 
when  the  glacial  melting  was  less  and  the  water  consequently  less 
turbid. 

At  Chaska,  situated  in  the  Minnesota  A'alley  two  miles  below 
Carver,  the  clay  used  for  brick-making  is  modified  drift  of  inter- 
glacial  age.  It  varies  from  twenty  to  forty  feet  in  thickness,  be- 
ing underlain  by  sand  and  covered  by  till  fi*om  two  to  six  feet 
thick,  holding  boulders  of  all  sizes  up  to  five  or  six  feet  in  diam- 
eter, many  of  which  are  planed  and  striated.  This  till  forms  the 
surface,  thirty  to  thirty -five  feet  above  the  river.  The  only  fossils 
found  here  were  fresh-water  clam  shells  which  occurred  in  con- 
siderable numbers  upon  a  space  four  rods  in  diameter  near  the 
middle  of  Gregg  <&  Griswold's  excavation,  lying  in  theupperfoot 
of  the  clay,  just  beneath  the  till.  This  interglacial  clay,  over- 
spread by  till,  testifies  that  an  ice-sheet  covered  this  region  after 
the  Minnesota  valley  had  been  eroded  nearly  as  it  now  is. 

Another  observation  which  seems  to  give  the  same  testimony, 
and  to  show  that  the  modified  drift  forming  high  terraces  and 
plains  in  this  valley  was  deposited  during  the  recession  of  the  ice- 
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sheet,  is  preseDted  in  the  notably  uneven  surface  of  the  broad  part 
of  the  terrace  of  this  valley  drift  in  Carver  county  between  Carver 
and  Beven's  creeks.  On  this  tract,  composed,  below  the  soil,  of 
stratified  gravel  and  sand,  extending  about  two  miles  in  width  and 
elevated  one  hundred  and  twenty-five  feet  above  the  river,  are  fre- 
quent depressions  from  ten  to  thirty  rods  in  diameter  and  fifteen 
to  forty  feet  in  depth  below  the  general  level,  often  enclosed  with- 
out outlet,  and  some  of  them  containing  lakelets  and  sloughs. 
Such  hollows  have  not  been  seen  elsewhere  in  our  exploration  of 
these  terraces  along  the  Minnesota  valley,  which  instead  have  gen- 
erally a  smoothly  level  contour.  Their  origin  must  apparently  be 
referred  to  sedimentation,  while  masses  of  ice  occupied  the  places 
of  these  bowl-like  depressions.  Elsewhere  the  absence  of  such 
irregularities  in  the  surface  of  the  valley  drift,  as  also  the  very 
rare  occurrence  of  boulders  in  it,  and  the  fact  that  no  portion  of 
it,  excepting  that  just  mentioned  at  Chaska,  is  known  to  be  inter- 
glacial  by  having  become  covered  with  till,  together  show  that  the 
deposition  of  these  beds  of  modified  drifb  took  place  outside  the 
limits  of  the  retreating  ice-sheet.  The  valley  appears  to  have 
remained  from  excavation  in  an  interglacial  epoch,  and  to  have 
become  rapidly  filled  with  sediments  as  soon  as  the  ice  by  which 
it  had  been  enveloped  was  melted  away. 

Alluvial  beds  fill  the  Minnesota  valley  at  Belle  Plaine,  as  shown 
by  the  section  of  the  salt-well,  to  a  depth  about  150  feet  below  the 
present  river  at  its  stage  of  low  water.  This  well,  situated  on  the 
bottomland  at  nearl}'  the  same  height  with  the  depot,  or  approxi- 
mately 30  feet  above  the  river  and  725  above  the  sea,  is  reported 
by  Prof.  Alexander  Winchell  to  have  passed  through  the  following 
succession  of  deposits  before  reaching  the  bed-rook ;  soil  and 
gravel,  9  feet;  clay  and  gravel,  9  feet;  sand  and  gravel,  18  feet; 
quicksand,  54  feet,  having  its  base  90  feet  below  the  surface ; 
coarse  sand,  1  foot ;  cla}*,  6  feet,  in  which  was  found,  two  feet 
from  its  top,  a  piece  of  grapevine  with  bark ;  sand,  38  feet,  vary- 
ing from  quicksand  to  coarse  sand,  in  which  at  114  feet,  inflowing 
water,  under  pressure  from  the  bottom,  filled  the  i)ipe  twelve  feet 
with  sand,  and  a  second  time,  at  125  feet,  filled  it  five  feet ;  then, 
gravel,  quicksand,  and  coarse  sand,  45  feet,  having  its  base  180  feet 
below  the  surface,  yielding  water  at  144  feet,  which  filled  the  pipe 
with  sand  ten  feet,  and  containing  another  piece  of  grapevine  at 
168  feet ;  next,  from  180  to  200  feet,  blue  clay,  7  feet,  and  rock- 
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fragments,  13  feet,  probably  both  boulder-clay  or  till ;  and,  lastly, 
gravel,  2  feet ;  the  whole  depth  of  alluvium  and  drift  being  thus 
202  feet,  extending  about  170  feet  below  the  river. 

At  the  railroad  bridge  which  crosses  the  Minnesota  river  close  to 
its  mouth,  borings  were  made  to  a  depth  of  60  feet  below  the  river- 
level  without  reaching  the  bed-rock.  In  the  deep  well  at  Mankato, 
drift  was  found  to  extend  65  feet  below  the  river. 

A  summary  of  the  glacial  history  of  the  Minnesota  valley,  as 
recorded  in  its  physical  and  geological  features  here  described,  is 
nearly  as  follows :  This  channel,  excavated  in  the  Lower  Magne- 
sian  or  Calciferous  formations  far  below  the  lK)ttom  of  the  present 
valley,  appears  to  have  been  eroded  by  a  river  during  the  later 
Palaeozoic  and  earlier  Mesozoic  ages,  bctfbre  the  Cretaceous  subsi- 
dence which  carried  much  of  this  state,  willi  a  large  area  farther 
west,  beneath  the  sea.  In  the  first  principal  epoch  of  glaciation, 
when  the  ice  covered  its  greatest  area,  a  thick  drift-sheet,  mostly 
unmodified,  was  spread  over  all  this  region,  pi-obablj-  covering 
most  of  this  preglacial  valley  with  an  unbroken,  moderately  undu- 
lating expanse  of  till.  During  the  ensuing  interglacial  epoch,  the 
drainage  of  this  area  cut  a  channel,  which,  because  of  the  natural 
slopes  of  the  basin  determined  by  preglacial  erosion,  coincides 
along  much  of  its  lower  part,  where  it  crosses  the  nearly  horizon- 
tal Palaeozoic  formations,  with  the  old  valley  eroded  in  these  strata 
long  before  the  ice  age.  The  preglacial,  and  probably  alsotlie  in^ 
terglacial  river  lay  far  below  the  present  stream.  The  till  of  the 
later  glacial  epoch  appears  to  have  only  partially  blocked  up  this 
river-course  along  the  greater  part  of  its  extent,  and  portions  which 
ma^'  have  been  obstructed  were  soon  channelled  anew,  and  this  val- 
ley from  its  mouth  to  New  Ulm  or  beyond  was  filled  with  modified 
drift,  to  the  height  of  its  present  terraces  of  this  formation,  during 
the  recession  of  the  last  ice-sheet.  After  the  departure  of  the  ice 
from  the  Minnesota  basin,  this  avenue  of  drainage  continued 
through  a  long  time  to  be  the  outlet  of  Lake  Agassiz,  whence  it 
received  an  immense  volume  of  water,  supplied  from  the  melting 
ice-fields  of  northwestern  Minnesota  and  of  a  vast  region  reach- 
ing far  to  the  north  and  northwest  over  the  basin  of  Lake  Winni- 
peg and  the  Saskatchewan  river.  As  long  as  streams  poured 
into  this  valley  directly  from  the  melting  ice-sheet,  its  modified 
drift,  gathered  from  the  ice  in  which  it  had  been  held,  continued 
to  increase  in  depth ;  but  when  the  great  glacier  had  retreated 
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beyond  the  limits  of  the  basin  of  the  Minnesota  river,  the  water 
discharged  here  from  Lake  Agassiz  brought  no  modified  drift,  and 
was  consequently  a  most  powerful  eroding  agent.  By  this  mighty 
river  the  valley  drift,  so  recently  deposited,  was  mostly  swept 
awa3%  and  the  channel  was  excavated  to  a  depth  lower  than  the 
present  river  and  perhaps  quite  to  the  bottom  of  the  gravel  and 
sand  in  this  valley  at  Belle  Plaine,  which  is  150  feet  below  the 
river  there  and  about  IdO  feet  below  low  water  in  the  Mississippi 
at  Saint  Paul.  Since  the  ice-barrier  which  had  caused  Lake  Ag- 
assiz disappeared  and  that  lake  was  drained  northeastward  to 
Hudson  bay,  the  Minnesota  valley  and  that  of  the  Mississippi  be- 
low, carrying  only  a  small  fraction  of  their  former  volume  of 
water,  have  become  considerably  filled  by  the  alluvial  gravel, 
sand,  clay  and  silt,  which  have  been  brought  in  by  tributaries, 
being  spread  for  the  most  part  somewhat  evenly  along  these 
valleys  by  their  floods. 

The  changes  produced  by  this  postglacial  sedimentation  have 
been  pointed  out  and  ably  discussed  by  Gen.  G.  K.  Warren,  who 
thus  added  much  to  our  knowledge  of  the  geological  history  of  the 
Minnesota  and  Mississippi  rivers.  Lakes  Traverse,  Big  Stone 
and  Lac  qui  Parle  occui>y  hollows  in  the  outlet  of  Lake  Agassiz 
due  to  inequalities  of  these  recent  deposits.  At  the  mouth  of 
the  Minnesota  river,  the  Mississippi  has  brought  more  sediment 
than  its  branch,  which  is  thus  dammed  for  a  distance  of  thirty 
miles  to  Little  Rapids,  with  a  depth  of  twenty  to  twenty-five  feet 
at  low  water.  The  current  of  this  part  of  the  Minnesota  through 
the  diy  season  is  very  sluggish  or  imperceptible,  and  its  surface 
often  becomes  considerably  covered  with  the  green  scum  of  cryp- 
togamous  vegetation  characteristic  of  pools  and  lakes.  The 
channel  here  is  from  fifteen  to  twenty-five  rods  wide,  with  no 
lake-like  expansions  ;  but  lakes  from  one  to  four  or  five  miles  long, 
and  from  a  quarter  to  a  half  mile  wide,  lie  near  the  river  and 
parallel  with  it  at  each  side,  upon  the  bottomland.  Lake  Pepin, 
having  a  depth  of  about  sixty  feet,  according  to  General  Warren, 
lies  in  the  continuation  of  this  valley  which  was  deeply  channelled 
by  the  outflow  from  Lake  Agassiz,  because  it  has  become  une- 
qually filled  below  the  foot  of  this  lake  by  the  deposition  of 
alluvium  from  the  Chippewa  river.  Two  of  the  tributaries  of 
the  Mississipni  from  the  east  were  similar  outlets  of  fioods  sup- 
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plied  by  glacial  melting  after  they  had  become  free  from  their 
modified  drift  by  flowiog  through  a  lake.  Lake  Superior,  held  by 
an  ice-barrier  on  the  northeast  at  a  level  about  500  feet  above  its 
present  height,  overflowed  at  the  head  of  the  Bois  Brule  river, 
by  Upper  St.  Croix  lake  and  the  St.  Croix  river.  The  Missis- 
sippi valley  at  the  month  of  this  river,  as  in  tiie  case  of  the  Min- 
nesota river,  has  bocome  more  filled  by  postglacial  deposits  than 
its  tributary,  whicii  is  thus  held  as  back-water  twenty  miles,  to  the 
head  of  Lake  St.  Croix,  whicli  is  twentj'-five  feet  deep.  Lake 
Michigan,  till  the  receding  ice -sheet  was  melted  from  its  present 
outlet  at  the  north,  similarly  discharged  southward  b^'  the  Illinois 
river,  which,  like  the  foregoing,  is  obstructeii  at  its  mouth  by  the 
alluvium  of  the  Mississippi.  At  low  water  the  greater  part  of 
its  length  is  dammed,  and  has  a  very  slight  and  often  imper- 
ceptible current  through  the  two  hundred  miles  from  La  Salle  by 
Lake  Peoria  to  its  mouth.  Major  Long  remarked  :  "  This  part 
of  the  river  maj',  with  much  propriety,  be  denominated  an  ex- 
tende<l  pool  of  stagnant  water."  All  these  results  of  recent 
fluvial  action  show  that  the  drainage  from  the  final  melting  of  the 
ice-sheet  excavated  these  valle3^s  to  depths  much  lower  than  thev 
have  now,  and  make  it  very  probable  that  the  de|>osits  penetrated 
by  the  first  180  feet  of  the  Belle  Plaine  salt-well  are  wholly  |M)st- 
glacial. 

The  exposures  of  rock  over  which  the  Minnesota  river  flows  at 
Little  Riipids,  ten  miles  below  Belle  Plaine,  do  not  forbid  this 
conclusion,  for  the  topogi'aphy  of  the  valley  in  that  vicinity  indi- 
cates that  a  much  deeper  channel  than  that  now  occupied  by  the 
river  ma}'  have  existed  there  since  the  ice  age,  passing  a  mile  and 
a  half  east,  and  a  mile  northeast  of  the  Little  Rapids.  This 
course  of  the  river  along  which  it  is  believed  to  have  cut  a  channel 
in  the  easily  eroded  Jordan  sandstone  to  a  depth  equal  to  that  of 
the  fluvial  deposits  penetrated  by  the  well  at  Belle  Plaine,  extends 
northeastward  diagonall}'  across  section  five.  Sand  Creek;  then 
northerly  through  the  west  part  of  section  thirtj'-thi-ee,  Louisville ; 
and  thence  northwesterly  through  section  twenty-nine.  It  thus 
leaves  the  present  river  a  mile  south  of  these  rapids,  and  returns 
again  to  it  about  a  mile  south  of  Carver,  after  passing  east  and 
north  of  the  island-like  sandstone  outcrops  of  section  thirty-two, 
Louisville.    The  recent  accamulatiou  of  sediments  that  fill  this 
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avenne  to  a  height  slightly  above  the  Little  Rapids,  has  turned  the 
river  that  way,  so  that  it  has  abandoned  its  former  course  and  now 
flows  over  ledges  of  sandstone. 

Four  features  of  the  glacial  drift  in  Minnesota  seem  to  me  very 
impressive  and  even  grand.  These  are,  first,  the  great  thickness 
of  the  drift  and  its  extent  over  large  areas  where  it  conceals  and 
deeply  covers  all  the  surface  of  the  older  bed-rocks ;  second,  the 
terminal  moraines ;  third.  Lake  Agassiz ;  and,  fourth,  the  outlet 
fi'om  this  lake,  which  has  been  the  theme  of  the  present  paper.  Pro- 
fessors J.  D.  Dana  and  J.  W.  Spencer,  to  the  latter  of  whom  we 
are  indebted  for  valuable  work  in  the  Quaternary  geology  of  the 
region  of  lakes  Erie  and  Ontario,  have  expressed  the  desire,  in 
which  I  heartily  join,  to  recognize  in  the  nomenclature  of  Ameri- 
can geology  the  work  of  the  engineer  who  in  the  years  1866  to 
1869  made  a  sui^ey  of  the  Minnesota  valley  from  Big  Stone 
lake  to  its  mouth,  and  from  whose  observations  and  writings,  al- 
ready several  times  referred  to,  this  essay  has  received  most  im- 
portant contributions  and  suggestions.  Therefore  it  seems  fitting 
to  propose  here  for  the  ancient  river  which  flowed  in  the  Ice  Age 
where  lakes  Traverse  and  Big  Stone  and  the  Minnesota  river  now 
are,  this  name,  the  Biver  Warren^  in  honor  and  in  memoriam  of 
Gen.  G.  K.  Warren,  the  author  of  the  first  adequate  descrip- 
tion of  this  valley. 


Changes  in  the  Currents- of  the  Ice  of  the  Last  Glacial 
Epoch  in  Eastern  Minnesota.  By  Warren  Upham  of 
Minneapolis,  Minn. 

This  paper  is  based  upon  my  observations  as  assistant  on  the 
geological  and  natural  history  survey  of  Minnesota,  under  the 
direction  of  Prof.  N.  H.  Winchell,  the  state  geologist.  It  has 
been  previously  read,  May  8, 1883,  before  the  Minnesota  Academy 
of  Natural  Sciences. 

When  the  ice  of  the  last  glacial  epoch  attained  its  maximum 
extent,  it  appears  that  the  ice-current  moving  southwestward  from 
lake  Superior  across  the  northeast  part  of  Minnesota,  spreading 
a  reddish  till  containing  boulders  and  pebbles  peculiar  to  the 
region  from  which  it  came,  had  its  limit  at  a  line  reaching  from 
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lake  St.  Croix  soatbwesterlj  across  the  Mississippi  and  throagh 
the  north  part  of  Dakota  county,  thence  bending  to  a  northwest 
direction  and  continuing  by  lake  Minnetonka  and  through  Wright 
and  Stearns  counties.  At  the  same  time  another  portion  of  the 
icersheet  was  pushed  from  the  region  of  lake  Winnipeg  and  the 
Red  river  valley  toward  the  south  and  southeast,  meeting  and 
opposing  the  ice-curi*ent  from  lake  Superior  along  a  line  from 
Stearns  county  southeast  by  lake  Minnetonka  to  Cr^^stal  lake  in 
Dakota  county,  beyond  which  its  eastern  limit  farther  sonth  was 
at  the  outer  or  eastern  belt  of  the  terminal  moraine  as  traced  in 
Rice,  Steele  and  Freeborn  counties  and  onward  to  central  Iowa. 
The  angle  formed  by  the  margins  of  these  portions  of  the  ioe- 
sheet,  moving  respectively  from  the  northeast  and  the  northwest, 
was  at  Crystal  lake  and  Buck  hill  in  Burnsville,  Dakota  county ; 
from  which  point  northwesterly,  along  an  extent  of  a  hundred 
miles  or  more,  these  ice-currents  were  pushed  obliqnely  against 
each  other. 

At  a  later  date  in  this  last  glacial  eix>ch,  after  the  ice-border  had 
for  the  most  part  retreated  considerably  from  its  farthest  limits, 
it  is  known  to  have  halted  in  its  recession  (and  it  even  probably 
readvanced),  forming  a  second  belt  of  morainic  accumulations 
usually  from  five  to  fifteen  miles  back  or  inside  from  it^  former 
line  of  drift-hills.     This  second  morainic  belt  is  well  exhibited 
from  Rice  county  south  to  central  Iowa,  and  at  the  west  side  of 
this  lobe  of  the  ice-sheet  upon  the  Coteau  des  Prairies.     At  this 
time  the  ice-sheet  that  was  pushed  sou tli west watxl  from  lake  Su- 
perior and  northern  Wisconsin  probably  terminated  oulj'  a  few 
miles   back  from  its  earlier  limit  east  of  lake  St.  Croix  and  in 
Washington,  Dakota  and  Ramsey*  counties,  and  in  the  east  edge 
of  Hennepin  county  at  Minneapolis.     But  farther  northward  tbe 
presence  of  bluish  till,  weathered  next  to  tiie  surface  to  a  yellowish 
color,  containing  boulders  and  pebbles  of  limestone  and  of  Cie- 
taeeous  shale  and  other   material  brought   fi*om   tbe   northwest, 
overlying  the  red  till  with  rock-fragments  from  the  region  of  lake 
Superior,   proves   that  the   ice-current  from  the  northwest  was 
stronger  and  extended  farther,  the  ice  on  this  side  of  the  great 
western  lobe  of  the  ice-sheet  being  therefore  even  deeper,  at  least 
in  comparison  with  the  thickness  of  the  eastern  ice  flowing  south- 
westward  from   hike   Superior,  than   in  the  former  part  of  this 
glacial   epoch  when  these  ice-fields  covered  their  greatest  area. 
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In  that  earlier  part  of  this  epoch  the  ice-currents  from  the  north- 
west and  northeast  had  met  along  a  line  drawn  from  Crystal  lake 
and  lake  Minnetonka  northwestward  ;  but  now,  wiien  elsewhere 
the  border  of  the  ice-fields  had  somewhat  retreated  and  formed 
the  second  and  inner  terminal  moraine,  the  ice  flowing  from  the 
west  extended  eastward  across  Wright  and  Hennepin,  Sherburne 
and  Anoka  counties,  to  the  St.  Croix  river  at  the  east  side  of 
Chisago  county,  and  into  the  adjoining  edge  of  Wisconsin,  pushing 
back  the  ice-current  that  came  from  lake  Superior,  and  covering 
the  red  till  brought  by  that  ice  with  the  characteristic  blue  till 
brought  by  the  ice  from  the  northwest  and  west. 

The  cause  of  this  changed  course  of  the  line  at  which  the  cur- 
rents of  the  west  and  east  portions  of  the  ice-sheet  met  is  to  be  found 
in  the  changed  meteorological  conditions  of  this  time.  During 
the  increased  ice-melting  attendant  upon  the  recession  of  the  ice- 
fields from  the  outer  to  the  inner  terminal  moraine,  the  prevailing 
westerly  winds  sweeping  over  the  western  side  of  the  ice-sheet 
upon  the  Coteau  des  Prairies  and  eastward  became  more  laden 
with  moisture  than  in  the  earlier  part  of  this  epoch  when  there  was 
comparative!}'  little  melting  upon  the  surface  of  the  ice  ;  and  the 
increased  temperature  enabled  these  winds  to  carry  their  moisture 
farther  than  when  the  ice  had  its  greatest  extent.  Then  the  pre- 
cipitation of  rain  and  snow  took  place  more  upon  the  western  side 
of  the  ice ;  but  at  this  later  time  the  precipitation,  by  reason  of 
the  causes  here  mentioned,  probably  became  nmch  greater  than 
before  upon  the  east  part  of  the  lobe  of  the  ice-sheet  that  extended 
southeastward  from  the  Red  river  valley  to  central  Iowa.  Before 
this,  lake  Minnetonka  and  central  Wright  county  had  been  the 
limit  where  this  ice-flow  was  stopped  by  the  opposing  ice-current 
from  lake  Superior ;  but  now,  because  of  the  relatively  and  per- 
haps absolutely  greater  thickness  of  this  part  of  the  ice  flowing 
from  the  northwest,  due  as  shown  to  climatic  changes,  its  current 
pushed  back  that  opposed  to  it  on  the  east,  covering  the  red  till 
brought  by  that  ice  with  blue  till  containing  plentiful  limestone 
bouhiers  and  other  material  from  the  west  and  northwest. 

The  line  where  these  ice-fields  moving  from  the  west  and  from  the 
northeast  now  met,  lies  in  the  south  edge  of  Mille  Lacs,  Kanabec  and 
Pine  counties,  and  even  beyond  the  St.  Croix  river  at  the  east  side  of 
Chisago  count}-,  fully  seventy-five  miles  east  of  the  line  where  these 
currents  formerly  met ;  but  it  scarcely  reaches  into  Washington 
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and  Ramsc}'  counties,  which  remained  covered  with  ice  that  came 
from  the  northeast.  This  persistence  of  the  ice-flow  from  the  north- 
east near  the  margin  of  the  ice-covered  area,  and  also  in  Stearns 
and  Morrison  counties,  north  of  the  changed  portion  of  the  line 
of  confluence  of  these  ice-flelds,  proved  by  the  character  of  the 
drift  upon  these  counties,  seems  yet  qnite  consistent  with  this 
explanation,  by  meteorological  causes,  of  the  change  in  source  of 
the  ice  covering  the  intervening  district,  from  Wright  and  Henne- 
pin counties  eastward  to  the  St.  Croix  river  and  the  edge  of 
Wisconsin. 

Details  of  sections  in  the  drift  showing  the  blue  (or  next  U>  the 
surface  yellow)  till  overlying  the  red  till  in  this  district,  and  more 
complete  discussion  of  the  glacial  perio<l,  its  ice-sheets,  and  their 
various  <lrift  deposits  in  this  state,  have  been  partially  presented 
in  the  Gflh,  sixth,  eighth  and  ninth  annual  repoils  of  the  geologi- 
cal and  natural  history  survey'  of  Minnesota,  and  will  be  fully 
exhibited  in  the  flnal  reports  of  this  survey. 


The  Kamb  Rivers  op  Maine.    By  George  H.  Stone  of  Colorado 
Springs,  Colorado. 

[ABSTHACT.] 

'  Nearly  all  glacial! sts  now  agree  that  most  of  the  kame  gravels 
of  the  drift  region  were  deposited  by  glacial  streams.  There  re- 
mains a  difference  of  opinion  as  to  whether  these  streams  were 
sub-  or  super-glacial ;  but  for  the  sake  of  brevity  no  reference  is 
here  made  to  the  literature  of  the  subject.  In  my  studies  of  the 
drift  in  Maine,  I  think  I  have  found  evidence  of  both  kinds  of 
streams. 

During  an  exploration  of  Maine  which  continued  for  al)Out  five 
years.  I  had  opportunity  to  examine  many  thousands  of  sections  of 
the  till  throughout  the  greater  part  of  the  state.  1  have  never  found 
stratified  or  even  water-classified  material  enclosed  in  this  forma- 
tion, except  within  a  few  miles  of  the  coast,  or  so  near  to  the 
surface  as  to  leave  the  interpretation  in  doubt.  Hundreds  of  miles 
of  the  beds  of  the  inland  streams  have  been  examined  by  me, 
and  if  water-washed  material  exists  in  the  till  in  the  interior  of 
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the  state,  it  must  be  rare.  But  near  the  coast,  as  for  instance 
at  Portland,  one  may  see  small  masses  of  sand,  pearly  or  quite 
surrounded  by  the  unmodified  till,  the  clayey  till  being  in  such  con- 
trast with  the  clean,  silicious  sand,  that  the  difference  in  compo- 
sition and  mode  of  formation  is  seen  at  once  unmistakably.  These 
masses  of  sand  and  gravel  in  the  till  are  often  not  now  stratified, 
but  all  have  been  plainly  classified  by  running  water  and  not 
afterward  so  mixed  with  the  clayey  till  as  to  lose  their  identity. 
If  a  ribbon  or  pocket  of  sand,  not  an  inch  in  thickness,  can  be 
thus  plainly  distinguished  from  the  amorphous  till,  surely  the 
absence  of  such  deposits  from  the  great  interior  region  is  a  strong 
indication  that  the  conditions  were  there  different  from  what  they 
were  near  the  coast.  A  somewhat  positive  indication  of  what 
this  difference  was  is  found  in  the  existence  of  pot-holes  near  the 
coast  in  situations  where  no  ordinary  surface  streams  can  ever 
have  flowed.  These  pot-holes  must  be  regarded  as  the  work  of 
glacial  streams.  In  the  interior  no  pot-holes  have  been  found  ex- 
cept in  the  valleys  of  ordinary  streams. 

Before  interpreting  these  facts,  let  us  consider  the  causes  of  the 
melting  of  a  glacier.  The  white  color  and  porous  structure  of  the 
surface  ice  of  a  glacier  show  where  most  of  the  melting  takes 
place.  This  superficial  water  flows  along  the  surface,  or  it  may 
wear  and  melt  a  deeper  and  deeper  channel  until  it  disappears  down 
some  crevasse  and  becomes  a  sub-glacial  stream.  Modern  glaciers 
show  a  difference  in  their  glacial  streams.  Near  the  lower  ex- 
tremity almost  all  the  water  is  sub-glacial.  The  ice  is  so  broken 
by  crevasses  that  the  melting  waters  almost  immediately  plunge 
to  the  bottom.  But  as  we  go  backward  toward  the  line  of  perpet- 
ual snow,  where  the  ice  is  thicker  and  the  melting  less  rapid 
we  find  streams  upon  the  surface,  the  length  depending  upon  the 
extent  of  ice  free  from  crevasses.  How  far  do  these  conditions 
represent  those  of  the  great  glacier  of  eastern  North  America? 

Without  some  limitation,  it  is  doubtful  if  the  analogies  of  any 
mo<lcrn  glaciers,  even  of  Greenland  glaciers,  can  be  admitted  as 
valid  in  the  case  of  the  great  ice-sheet.  The  Greenland  glaciera 
do  not  wholly  overlap  large  areas  like  the  great  ice-sheet,  but  here 
and  tliere  peaks  emerge  from  them  which  form  crevasses  and  assist 
the  waters  to  pass  beneath  the  glacier.  However,  waiving  these 
objections,  and  admitting  for  the  time  that  the  sub-glacial  streams 
of  our  great  glacier  were  as  well  developed  as  those  of  the  Green 
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land  glaciers  of  to-day,  at  the  same  time  we  mast  admit  that  the 
surface  streams  were  as  well  developed.  Now  the  superficial 
streams  of  the  Greenland  glaciers  are  often  of  considerable  size ; 
therefore  we  must  believe  that  large  surface  streams  existed  upon 
the  ice-sheet  at  a  proper  distance  north  from  its  terminus.  It 
should  be  noted  that  this  is  the  condition  of  the  Greenland  glaciers 
during  a  time  of  comparative  stability,  or,  quite  probably,  of  their 
slow  increase  in  extent  and  depth. 

But  what  would  happen  during  the  final  melting  of  tlie  ice- 
sheet?  All  substantially  admit  that  this  melting  was  ver^^  rapid 
and  that  it  took  place  uix>n  a  great  width  simultaneously,  although 
the  ice,  being  thicker  toward  the  north  and  in  a  colder  mean 
climate,  would  not  become  melted  so  quickly  as  farther  south. 
As  I  have  elsewhere  pointed  out,'  no  southwanl  motion  would  be 
possible  over  a  large  part  of  Maine,  after  the  thickness  of  the  ice 
was  reduced  to  about  five  hundred  feet,  on  account  of  transverse 
ranges  of  hills.  Nowhere  except  in  the  White  Mountains  have  I 
found  traces  of  glaciers  following  local  valleys.  Apparently,  al- 
most all  flow  ceased  after  the  melting  had  so  far  proceeded  that 
the  hills  appeared  above  the  ice.  Under  these  conditions  no  new 
lines  of  crevasses  would  open  in  the  thinning  ice-fields,  even  after 
the  hills  began  to  emerge.  The  melting  took  place  so  rapidly, 
and  the  motion  of  the  ice  ceased  so  completely  that  there  would 
be  no  time  for  the  formation  of  sub-glacial  channels.  On  the  con- 
trary, the  exigency  of  glacial  melting,  supplemented  by  the 
summer  precipitation,  would  cause  a  great  extension  of  the  super- 
ficial streams. 

The  presence  of  glacial  pot-holes  in  Maine  near  the  coast,  and 
the  masses  of  water- washed   matter   in   the   till,   show   that  the 
glacial  streams  there  reached  the  ground.     The  most  of  the  area  of 
sub-glacial  streams  must  have  lain  south  of  the  present  coast-line. 
The  glacier  reached  out  into  the  Gulf  of  Maine,  and  off  its  front 
were  probably  numerous  boiling  springs  of  fresh  water,  like  those 
at  the  submerged  extremities  of  the  Greenland  glaciers.     The  ice 
over  the  great  interior  region  of  the  state  was  for  the  most  part 
drained  by  superficial  streams.     When  the  melting  had  so  far  pro- 
ceeded that  the  bottoms  of  these  streams  reached   the   moraine, 
stuff  which  was  scattered  through  the  lower  part  of  the  ice,  then 
the  kame-gravel  began  to  gather  on  the  bottoms  of  their  channels. 
Several  of  these  kame-rivers  were  a  hundred  or  more  miles  long,  as 
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is  shown  by  my  map  of  the  kames  of  Maine,  published  in  the 
Proceedings  of  this  Association  for  1880.  Most  of  the  kame-rivers 
have  boon  described  by  me  as  probably  flowing  in  channels  formed 
snperOcially  on  the  ice,  and  that  is  ray  opinion  still.  Near  the 
coast  these  channels  may  originally  have  been  of  sub-glacial  origin. 
Northward  there  was  a  region  where  the  drainage  of  the  glacier 
was  chiefly  by  surface  channels  which  finally  found  their  way  be- 
neath the  ice  at  the  southern  limit  of  this  region.  The  final  melt- 
ing of  the  great  glacier  took  place  largely  at  the  surface,  and  this 
melting  together  with  the  large  rainfall,  caused  great  bodies  of 
water  to  collect  on  the  ice,  finally  wearing  and  melting  deep  chan- 
nels. In  some  cases  these  streams  [Kobably  followed  previously 
formed  sub-glacial  channels  for  a  part  of  their  course,  widening 
them  until  the  ice-arch  collapsed  by  its  own  weight. 

We  may  grant  as  great  a  development  of  sub-glacial  streams  in 
the  ice-sheet  as  anyone  can  reasonably  consider  is  demanded  by 
the  Greenland  glaciers,  and  yet  I  cannot  see  how  this  furnishes 
any  adequate  representation  of  the  conditions  during  the  final 
melting,  when  there  was  such  a  vast  accession  of  surface  water, 
and  also  when  the  ice-fiow  had  so  far  ceased  as  to  make  it  certain 
that  few  if  any  additional  crevasses  would  be  formed.  Under  these 
circumstances  there  could  be  no  time  to  extend  the  previously 
formed  sub-glacial  channels  far,  and  the  sudden  floods  would  find 
their  way  over  the  lowest  parts  of  the  ice  just  as  they  vvould  over 
the  ground.  A  great  and  sudden  northward  extension  of  the 
superficial  streams  would  be  the  result. 

The  above  reasoning  applies  to  Maine  only,  and  other  regions 
are  to  be  studied  by  themselves.  Part  of  the  reasoning  will 
probably  apply  to  most  or  all  of  the  glaciated  area  of  North 
America,  but  with  many  differences  in  the  details.  Indeed,  as 
glacialists  come  to  better  appreciate  the  great  variety  of  work 
which  the  ice-sheet  performed,  the  less  likely  shall  we  be  to  fight 
for  the  privilege  of  imposing  the  local  conditions,  with  which  we 
are  most  familiar,  upon  the  whole  drift-covered  area. 
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On  Glacial  Canons.    By  W.  J.  McGee  of  WashiDgton,  D.  C 

fABSTRAGT.] 

Glacial  canons  are  characterized  by  several  peculiar  features, 
of  which  the  greatec  number  suggest  that  glaciers  are  most  ef- 
fective engines  of  erosion,  while  others  indicate  that  glacial  erosion 
is  inconsiderable.  Neither  the  source  of  this  apparent  discrep- 
ance nor  the  full  significance  of  the  characteristic  features  of 
such  cailons  can  be  well  determined  empirically' ;  but  on  approach- 
ing the  subject  from  the  analytical  side,  it  appears,  from  detailed 
consideration  of  the  several  agencies  involved  in  the  development 
of  the  leading  features,  that  the  effect  o^  temporary  occupancy  of  a 
tj^pical  water-cut  cauon  by  glacier  ice  will  be  to  (I)  increase  its 
width,  (2)  change  the  original  V  to  a  U  cross  profile,  (3)  cut  off 
the  terminal  portions  of  tributary  canons  and  thus  relatively  elevate 
their  embouchures,  (4)  intensify  certain  irregularities  of  gradient 
in  the  canon-bottom,  (5)  excavate  rock-basins,  (6)  develop  cirques, 
and,  in  general,  transform  such  canon  into  an  equally  typical  glacial 
canon. 


Clat  Pebbles  from  Princeton,  Minn.      By  N.   H.   Winchell 
of  Minneapolis,  Minn. 

[▲B0TKACT.] 

This  paper  was  accompanied  by  an  exhibition  of  specimens. 
The  pebbles  were  of  various  shapes  and  sizes,  most  of  them 
somewhat  cylindrical.  Outside,  they  are  coated  with  fine  sand 
and  gravel ;  inside,  they  consist  wholly  of  a  fine  sedimentaiy 
clay,  such  as  is  deposited  by  standing  water,  and  contain  no  inte- 
rior pebbles.  Professor  Winchell  had  compared  these  with 
pebbles  of  till  found  in  deposits  of  gravel  and  sand  and  with  various 
others,  without  finding  anything  exactly  similar. 

Professor  Newberry  examined  the  pebbles,  and  admitted  that  tbey 
were  not  exactly  like  any  that  he  had  seen,  but  he  thought  they  bore  a 
general  resemblance  to  pebbles  found  throughout  the  range  of  the  Carbo- 
niferous strata  wherever  there  Is  a*  bed  of  sandstone  capped  by  clay. 
Professor  Claypole  claimed  to  have  seen  similar  specimens  in  the  drift  of 
Pennsylvania. 
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The  Pre-Cambrian  Rocks  of  the  Alps.    By  T.  Sterrt  Hunt  of 
Montreal,  Canada. 

[ABSTRACT.^ 

The  writer  began  by  reviewing  tlie  history  of  Alpine  geology, 
and  noticed  first  tliat  speculative  period  when  the  crystalline 
rocks  of  the  Alps,  including  gneisses,  liornblendic  and  micaceous 
schists,  cuphotides,  serpentines,  etc.,  were  looked  upon  as  altered 
sedimentary  strata  of  carboniferous  or  more  recent  times.  lie 
then  traced  the  steps  by  which  these  views  have  been  discarded, 
and  more  and  more  of  the  rocks  shown  to  belong  to  eozoic  or  pre- 
Cambrian  ages.  In  this  connection  the  labors  of  von  Ilaner, 
Gerlach,  Heim,  Favre,  Renevier,  Lory,  Gastaldi  and  others  were 
analyzed,  and  reference  was  made  to  the  great  progress  since  the 
writer,  in  1872,  published  a  review  of  Favre's  work  on  the  geology 
of  the  Alps. 

The  sections  by  Neri,  Gerlach  and  Gasy;aldi  in  the  Western,  and 
those  of  von  Hauer  in  the  Eastern  Alps  were  described,  and  it 
was  shown  that  all  these  agree  in  establishing  in  the  crystalline 
rocks  four  great  divisions,  in  ascending  order:  1st.  The  older 
granitoid  gneiss  with  crystalline  limestones,  graphite,  etc.,  referred 
by  Gastaldi  to  the  Laurentian.  2d.  The  so-called  pietre  verdi,  or 
greenstone  group,  consisting  chiefly  of  dioritic,  chloritic,  steatitic 
and  epidotic  rocks,  with  euphotides  and  serpentines,  including 
also  talcose  gneisses,  limestones  and  dolomites,  and  regarded  by 
Gastaldi  as  Huronian.  3d.  The  so-called  recent  gneisses  of  von 
Hauer  and  Gastaldi,  interstratified  with  and  passing  into  granu- 
lites  and  micaceous  and  hornblendic  schists,  also  with  serpentines 
and  crystalline  limestones.  4th.  The  series  of  argillitcs  and  soft 
glossy  schists  with  quartzites  and  detrital  sandstones,  including 
also  beds  of  serpentine  with  talc,  gypsum,  karstenite,  dolomite, 
and  much  crystalline  limestone.  This  fourth  series,  well  seen  at 
the  Mount  Cenis  tunnel,  is  still  claimed  by  Lory  and  some  others 
as  altered  trias,  but  the  present  writer's  view,  put  forth  in  1872, 
that  it  is,  like  the  preceding  groups,  of  eozoic  age,  was  subse- 
quently accepted  by  Favre,  and  by  Gastaldi,  and  is  now  estab- 
lished by  many  observations.  To  this  horizon  belong  the  crys- 
talline limestones  of  the  Apuan  Alps,  including  the  marbles  of 
Carrara. 
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The  writer  next  recalls  the  fact  that  he,  in  1870,  insisted  npon 
the  existence  of  a  3'oiinger  series  of  gneisses  in  North  America, 
alike  in  the  Atlantic  states,  in  Ontario,  and  to  the  northwest  of 
Lake  Superior.  These,  in  his  address  before  the  American  Asso- 
ciation for  the  Advancement  of  Science  in  1871,  he  farther 
described  under  the  name  of  the  White  Mountain  series,  and  sub- 
sequently, in  the  same  year,  called  themlMontalbau.  These  rocks 
were  then  declared  to  be  3'ounger  than  the  Iluroniau,  and  to  over- 
lie it ;  though,  in  the  absence  of  this  latter,  it  was  pointed  out 
that  in  Ontario  and  in  Newfoundland  the  Montalban  reposes  un- 
conformabl}'  upon  the  Laurentian.  When  these  newer  gneisses 
and  mica-schists  were  first  described,  in  1870,  there  wsls  included 
with  them  an  overlying  group  of  argillites,  quartzites  and  crys- 
talline limestones,  and  for  the  whole  the  name  of  Terranovan  was 
suggested  provisionally  ;  but  in  defining  in  the  following  year  the 
White  Mountain  series,  this  upper  group  was  omittetl,  and  was 
subsequently  referred  to  the  Tacouian  series, —  the  Lower  Taconic 
of  Emmons,  and  the  so-called  altered  Primal  and  Auroral  of  H. 
D.  Rogers,  in  Eastern  Pennsylvania. 

The  writer  next  described  his  own  observations  in  the  Alps  and 
the  Apennines  in  1881.  He  afiSrms  the  correctness  of  Gastaldi  in 
referring  the  groups  one  and  two  to  Laurentian  and  Iluroniao, 
finds  the  third,  or  the  3'ounger  gneiss  and  mica-schist  group  of  the 
Alps,  indistinguishable  from  the  Montalban,  and  regards  the 
fourth  as  the  representative  of  the  American  Taconian.  It  was 
maintained  by  Gastaldi  that  these  pre-Cambrian  groups  of  the 
Alps  underlie  directly  the  newer  rocks  of  northern  and  central 
Italy,  forming  the  skeleton  of  the  Apennines,  reappearing  in 
Calabria,  and  moreover  protruding  in  various  localities  in  Lignria, 
Tuscany  and  elsewhere.  The  serpentines,  euphotides  and  other 
resisting  rocks,  thus  exposed,  have  been  regarded  as  eruptive 
masses  of  triassic  and  eocene  time.  The  writer,  however,  holds, 
with  Gastaldi,  that  they  are  indigenous  rocks  of  pre-Cambrian 
age  exposed  by  geological  accidents. 

The  uncry stall ine  rocks  of  the  mainland  of  Italy  are  chiefly 
cenozoic  or  mesozoic,  and  the  only  paleozoic  strata  known  are  car- 
boniferous, the  organic  forms  of  the  limestones  of  Chaberton  hav- 
ing been  shown  to  be  triassic.  Triassic,  liassic,  cretaceous,  eocene 
and  miocene  strata  are  found  in  diflTerent  localities  resting  on  the 
various  pre-Cambrian  groups.     In  the  island  of  Sardinia,  however, 
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all  these  are  overlaid  by  a  great  body  of  imcry stall ine  lower  palae- 
ozoic rocks,  in  which  the  late  studies  of  Borncmann  and  Mcneghini 
have  made  known  tbe  existence  of  a  Lower-Cambrian  fauna, 
including  Paradoxides,  Conocephalites  and  Archeocyathus ;  suc- 
ceeded by  an  abundant  fauna  of  Upper  Cambrian  or  Ordovician 
i^e.  In  the  island  of  Elba,  according  to  Lotti,  rocks  containing 
the  latter  fauna  repose  directly  upon  the  crystalline  schists  with 
serpentines. 

The  existence  of  the  younger  or  Montalban  gneiss  in  Sweden, 
and  in  the  Harz  and  the  Erzgebirge  was  noticed,  and  to  it  were 
referred  the  Hercynian  gneisses  and  mica-schists  of  Giimbel. 
The  presence  both  in  Sweden  and  in  Saxony  of  conglomerates,  as 
described  by  Hummel,  and  by  Sauer,  wherein  pebbles  of  the  older 
gneiss  are  enclosed  in  beds  of  the  younger  series,  was  discussed, 
and  the  direct  unconformable  superposition  of  the  latter  upon  the 
older  gneiss,  in  the  absence  of  the  Huronian,  was  considered ; 
evidences  of  the  same  relations  being  adduced  from  the  Alps. 
The  gneisses  of  the  St.  Gothard,  as  seen  on  the  Italian  slope, 
were  also  referred  to  the  newer  series,  and  the  important  studies 
of  StapflT,  in  this  connection,  were  discussed.  It  was  declared 
that  the  views  put  forth  by  the  author  in  1870-71  on  the  relations 
and  succession  of  the  crystalline  stratified  rocks  in  North  America, 
and  then  extended  by  him  to  Europe,  have  been  fully  confirmed 
by  the  labors  of  a  great  many  European  geologists,  as  already 
shown.  Those  of  Hicks,  Hughes,  Bonney,  Callaway,  Lapworth 
and  others  in  the  pre-Cambrian  rocks  of  the  British  islands  were 
cited  in  support  of  these  conclusions.  It  was  said  that  whatever 
may  have  been  the  conditions  under  which  these  vast  series  of 
crystalline  stratified  rocks  were  deposited,  there  is  evidence  in  the 
similarity  of  their  mineralogical  and  geognostical  relations,  of  a 
remarkable  uniformity  over  widely  separated  regions  of  the  earth's 
surface,  as  well  as  of  long  intervals  of  time,  marked  by  great  fold- 
ings and  disturbance,  and  by  vast  and  wide  spread  erosion  of  the 
successive  series  of  rocks. 

In  conclusion,  the  writer  took  occasion  to  call  attention  to  the 
important  labors  of  the  present  school  of  Italian  geologists,  and 
their  great  zeal,  skill  and  disinterested  service,  as  shown  in  the 
memoirs  of  the  R.  Accademia  dei  Lincei,  and  in  the  work  of  the 
Royal  Geological  Commission,  including  the  special  studies,  maps 
A.  A.  A.  s.,  VOL.  xxxn.  IG 
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and  memoirs  prepared  by  it  for  the  International  Geological  Con- 
gress of  Bologna  in  1881.  The  new  Geological  Society  of  Italy, 
founded  at  the  same  date,  gives  promise  of  a  brilliant  future,  and 
has  already  published  many  important  memoirs. 


The  Serpentine  of  Staten  IsLiiND,  New  York.    By  T.  Steret 
Hunt  of  Montreal,  Canada. 

[ABSTRACT.] 

The  serpentine  of  Staten  Island  appears  as  a  north-and-sootb 
range  of  bold  hills,  rising  out  of  a  plain  of  mesozoic  rocks.  On 
the  west  side  are  triassic  sandstones  like  those  of  the  adjacent 
mainland,  including  a  belt  of  intrusive  diabase,  and  on  the  east 
the  overlying  and  nearly  horizontal  cretaceous  marls,  which  are 
traced  south  and  west  into  New  Jersey.  The  only  rocks  besides 
those  here  mentioned,  seen  on  the  island,  are  small  areas  of  coarse- 
grained granite,  having  the  characters  of  a  veinstone  or  endogenoas 
mass,  and  others  of  an  actinolite-rock,  both  exposed  among  the 
sands  on  the  northeast  shore  of  the  island. 

Mather,  who  described  this  locality  forty  years  since,  looked 
upon  the  serpentine  as  an  eruptive  rock,  like  the  parallel  belt  of 
diabase  seen  to  the  west  of  it,  but  Dr.  N.  L.  Britton,  of  the  New 
York  School  of  Mines,  who  in  1880  published  in  the  Proceedings 
of  the  New  York  Academy  of  Sciences  a  description  and  a  geo- 
logical map  of  the  island,  regarded  the  serpentine  as  similar  to 
that  which  is  stratified  as  a  contemporaneous  member  in  the  ancient 
gneissic  series  of  Manhattan  island,  and  appears  also  at  lloboken ; 
a  view  which  is  doubtless  correct. 

The  appearance  of  isolated  hills  of  serpentine  rising  amoug 
newer  rocks  is  common  in  other  regions,  and  is  by  the  writer  attrib- 
uted to  the  fact  that  this  insoluble  magncsian  silicate  resists,  to  a 
great  degree,  the  action  of  subaerial  decay,  which  converts  gneisses 
and  other  feldspathic  rocks  into  a  clay,  that  is  easily  removed ; 
leaving  the  beds  and  lenticular  masses  of  interbedded  serpentine 
in  relief.  In  many  parts  of  Italy,  where  ridges  or  belts  of  serpen- 
tine protrude  in  the  midst  of  tertiary  strata,  they  have  been  des- 
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oribed  as  eruptive  masses.  The  question  of  their  geognostical 
relations  is  there  often  complicated  by  the  fact  that  subsequent 
movements  of  the  earth's  crust  have  involved  alike  the  underlying 
serpentines  and  the  newer  strata,  and  have  given  rise  to  faults 
and  inversions,  by  which  the  younger  rocks,  overturned,  are  made 
to  dip  towards  and  even  beneath  the  older.  This  condition  of 
things  the  writer  illustrated  by  references  to  localities  of  serpentine 
lately  examined  b}'  him  in  Liguria,  and  in  Tuscany,  where  the  true 
geognostical  relations  of  these  rocks  was  first  indicated  by  Gas- 
taldi.  The  structure  above  described  was  further  explained  by 
reference  to  the  similar  inversions  of  strata  to  be  seen  along  the 
western  base  of  the  Atlantic  belt,  from  the  Highlands  of  the  Hud- 
son southward,  along  the  Appalachian  valley.^ 

The  writer  stated  that  although  serpentine,  under  subaerial  in- 
fluences, decays  much  less  rapidly  than  the  harder  gneisses,  it 
does  not  entirely  escape  this  process.  He  showed  that  this  rock 
on  Staten  Island  is  covered  in  parts  with  a  decayed  layer,  includ- 
ing portions  of  limonite,  separated  by  a  process  of  segregation  in 
pre-glacial  times,  since  in  the  subsequent  erosion  it  has  been  re- 
moved from  many  parts  of  the  serpentine-belt.  The  details  of 
this  decomposition  of  the  serpentine,  and  of  its  relation  to  glacial 
erosion  have  been  discussed  by  the  writer  in  an  essay  on  rock- 
decay,  to  appear  in  the  American  Journal  of  Science  for  Septem- 
ber, 1883.  He  acknowledged,  in  conclusion,  his  obligations  to  Dr. 
Britton  for  his  careful  descriptions,  and  for  his  personal  guidance 
on  Staten  Island. 


On  the   Genesis  and   Classification  of  Mineral  Veins.      Bv 
J.  S.  Newberry  of  New  York,  N.  Y. 


>  Tho  history  of  the  serpentine  of  Stnten  Island  and  of  other  American  localities,  as 
well  as  those  of  Italy,  will  be  found  treated  at  length  in  the  author's  paper  entitled  Tlie 
Geological  History  of  Serpentines,  with  notes  on  pre-Cambrinn  Uockf ;  which  appears  in 
the  TrantactioM  of  the  Royal  Society  of  Canadatot  1883-1SS3,    Vol.  I,  pp.  165  - 215. 

On  tho  geological  map  of  the  state  of  New  York,publiHbcd  "  by  legislative  authority" 
In  1842,  the  serpentine  of  Staten  Ihland,  the  diabase  adjacent,  and  tliat  of  tho  Palisade 
range,  arc  alilce  colored  as  '*  Trap  Rocks. " 
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On  The  Hamilton  Sandstone  ok  Middle  Pennsylvania.    By  K 
W.  Claypole  of  Buchtel  College,  Akron,  O. 

[ABSTRACT.] 

The  Hamilton  sandstone  is  a  peculiar  local  development  in  the 
middle  of  a  group  composed  generally,  in  eastern  North  America, 
of  soft  shales.  The  middle  of  the  Hamilton  group  begins  to  grow 
sandy  near  the  Schuylkill  River,  the  proportion  of  sand  increasing 
to  the  southwest,  to  the  Susquehanna,  when  it  consists  of  a  heavy 
bed  of  sandstone  800  feet  thick  and  very  solid.  Henee  its  sand 
oontinues  but  grows  somewhat  less  in  quantity  to  its  last  appear- 
ance at  twenty ^  miles  farther  to  the  southwest.  The  breadth  of 
this  belt  of  sand  is  not  great.  It  rapidly  shales  off  to  the  north- 
east and  is  scarcely  recognizable  thirt}'  miles  from  the  Blue  Moan- 
tains  its  most  southerly  exposure. 

The  Hamilton  sandstone  may  consequently  be  regarded  as  an 
elongate  fan-shaped  mass  of  sand  intercalated  in  the  Hamilton 
shales  and  thinning  off  in  all  directions  from  a  single  point.  So 
far  as  it  is  possible  to  determine  it,  this  point  is  on  or  near  tbe 
southeastern  point  of  Perry  County. 

There  is  no  doubt  that  this  sandstone  once  extended  farther  to 
the  southward  but  the  enormous  erosion  that  has  taken  place  has 
removed  all  traces  of  it  south  of  the  Blue  Mountains  ;  yet  what  re- 
mains is  enough  to  enable  us  to  form  an  idea  of  its  extent  when  de- 
posited. 

The  question  naturally  arises,  what  was  the  source  of  this  vast 
mass  of  sand  deposited  in  this  place  and  in  this  form? 

The  distribution  does  not  resemble  that  of  the  other  sandstones  in 
the  county.  It  is  comparatively  small  in  extent  and  far  fix>m  uni- 
form in  thickness  and  consistency.  The  obvious  cause  that  Grst  sug- 
gests itself  is  that  we  have  the  deposit  of  a  large  river  of  that  day 
which  brought  down  from  a  continent  a  quantity  of  sediment  whereof 
the  coarser  part  was  dropped  close  or  near  to  shore  and  the  finer  car- 
ried off  to  a  greater  distance.  In  that  view  of  the  case  the  river  must 
have  been  near  the  site  of  the  present  Susquehanna  but  must  have 
flowed  in  an  opposite  direction.  And  the  source  of  the  material  must 
have  been  a  large  tract  of  land  lying  to  the  south  or  southeast  of 
Perry  Count3%  the  motith  of  the  ancient  stream  being  near  tlie 
present  site  of  Harrisburgh.  Such  a  tract  of  land  may  have  consisted 
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of  the  area  of  prtrnal  sandstone  in  York  and  Lancaster  counties  if 
at  that  day  exposed,  which  it  would  be  difficult  to  disprove,  or  else 
the  great  area  of  gneiss  ranging  southwest  from  Philadelphia.  In 
either  case  the  supply  of  sand  would  be  ample. 

Several  facts  may  be  quoted  in  support  of  the  opinion  above  ad- 
vanced. In  the  southeast  of  Perry  County  the  geological  column 
is  incomplete  as  compared  with  other  parts.  There  the  Hamilton 
sandstone  lies  on  the  top  of  the  Onondaga  red  shale,  all  the  interme- 
diate rocks  being  absent,  namely,  the  following : 


Hamilton  lower  shale 

400  feet. 

Marcellus  black  shale 

100  " 

'        iron  ore       .        .        .       " 

^'         limestone    • 
"          shale 

100  " 

"          lower  ore    . 

Oriskany  sandstone     . 

40  " 

Limestone  shale 

200  " 

Limestone 

100  " 

•  940 


with  part  of  the  upper  beds  of  the  Red  Shale.  It  is  a  fair  inference 
that  the  part  of  the  county  over  which  these  beds  do  not  occur 
was  dry  land  during  the  latter  part  of  the  interval  expressed  by 
their  absence,  and  that  during  all  this  latter  part  erosion  of  the 
beds  deposited  during  the  former  part  must  have  taken  place. 
Supposing  that  some  geographical  change  toward  the  close  of  the 
dry  land  period  had  the  effect  of  throwing  the  drainage  over  this 
district  by  diverting  or  developing  the  river  above  suggested,  we 
have  a  sufficient  cause  for  the  production  and  deposition,  of  the 
sand.  Sulisidcnce  is  the  usual  accompaniment  of  deposition  and 
as  the  accumulation  of  sand  and  silt  increased  the  region  subsided 
extending  the  area  covered  until  finally  the  water  became  again 
deep,  the  deposit  of  sand  ceased,  and  was  succeeded  by  a  deposit 
now  forming  the  Hamilton  upper  shale. 

It  is  not  necessary  to  assume  any  elevation  of  the  land  as  a  cause 
of  the  dry  ground  spoken  of  above  in  the  southeast  of  Perry  County, 
etc.  Some  irregularity  in  the  subsidence  which  all  now  admit  ac- 
companied the  enormous  Appalachian  deposit  may  have  drawn  the 
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water  dotrn  leaving  certain  districts  of  which  this  was  a  portion 
above  sea  level  for  a  time. 

This  part  of  Perry  County  is  the  most  ancient  dry  land  which 
geology  has  yet  indicated  in  the  district.  All  else  to  the  earli^t 
accessible  times  was  open  sea. 


The  Equivalent  op  the  New  York  Water-lime  group  petel- 
OPED   IN   Iowa.     By  A.  S.  Tiffany  of   Davenport,   Iowa. 

[ABSTRACT.] 

The  horizon  of  the  even-bedded  magnesian  buff  limestone  of 
the  Le  Claire  and  Anamosa  quarries  has  been  a  question  of  nn- 
certainty  and  dispute  and  for  more  than  twenty  years  oi^anic  re- 
mains have  not  been  found.  Prof.  C.  A.  White,  Vol.  I,  p.  182, 
says :  ^ 

In  the  former  report  of  the  Geology  of  Iowa,  two  distinct  formations 
of  the  Niagara  Group  were  recognized  and  described,  namely,  the  Niagara 
limestones  and  the  Le  Claire  limestones,  the  latter  resting  upon  the  former. 
Subsequent  stratigraphical  and  palseontological  examinations  fail  to  show 
any  good  reasons  for  referring  any  of  the  Upper  Silurian  rocks  of  Iowa 
to  any  other  than  the  epooh  of  the  Niagara  limestones ;  therefore  they  are 
all  regarded  as  belonging  to  that  formation  alone.  Messrs.  Wort  ben  and 
Meek,  of  the  State  Geological  Survey  of  Illinois,  long  since  came  to  the 
same  conclusion,  and  In  the  recently  published  State  reports,  they  reaffirm 
it. 

Organic  remains  not  having  been  discovered  by  these  several 
geologists  they  were  left  with  only  lithology  and  superposition  to 
determine  the  horizon.  The  superposition  cannot  be  studied  suc- 
cessfully at  Le  Claire. 

There  are,  however,  many  places  in  Scott,  Cedar,  Clinton,  and 
Jones  counties  where  the  superposition  shows  that  it  is- superior  to 
the  Niagara.  The  Niagara  formation  in  Iowa  had  been  land,  and 
consequently  subject  to  denuding  agencies,  for  a  long  period  be- 
fore the  formation  under  consideration  had  begun  to  be  deposited. 
The  Niagara  deposit  had  been  deeply  scored  and  grooved  by  the 
channels  of  drainage. 
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Daring  this  period  many  hundreds  of  feet  of  Upper  Silurian 
rocks  were  deposited  in  the  state  of  New  York.  When  subsidence 
had  brought  the  Niagara  below  the  ocean  again,  the  deposition  of 
the  rocks  under  consideration  took  place,  filling  the  interstices  in 
the  eroded  Niagara  group.  Being  thus  protected  by  the  older  and 
harder  Niagara  rocks,  they  have  escaped  subsequent  erosion,  while 
the  higher  portions,  which  once  connected  these  numerous  outliers, 
have  been  swept  awa3^ 

Prof.  Hall,  in  the  New  York  report  of  the  Geology  of  the  Fourth 
District,  p.  142,  Fig.  57,  in  describing  the  Water-lime  group,  fig- 
ures some  acicular  crystals  of  sulphate  of  baryta  which  are  numer- 
ous in  this  group  of  rocks  at  Anamosa. 

The  writer  had  been  diligently  seeking  for  organic  remains  for 
more  than  twelve  years,  and  was  at  last  rewarded  in  February, 
1882,  by  finding  great  numbers  of  fossils  in  the  stone  from  the  base 
of  the  Anamosa  quarries,  all  of  which  are  of  the  type  of  the  Water- 
lime  group,  among  which  the  following  were  determined  :^  Avicula 
{Pteronites)  rugosa  Conrad  ;  Meristella  sulcata  Vanuxem ;  Leperdl- 
tia  alta  Conrad  ;  Geol.  of  the  N.  Y.  Fourth  District,  p.  142.  The 
fossils  were  exhibited. 


The  "Earthquake"  at  New  Madrid,  Mo.,  in  1811,  probably 
NOT  AN  Earthquake.  B}'  James  Macfarlane  of  Towanda, 
Penn. 

[ABSTRACT.! 

After  dwelling  upon  the  fact,  that  the  locality  of  the  alleged 
earthquake  was  not  the  scat  of  any  apparent  volcanic  action,  the 
author  proceeded  to  state  his  view  that  the  event  in  question  was 
due  to  a  diflFerent  cause.  He  believed  that  what  took  place  was  a 
subsidence,  due  to  the  solution  of  underlying  strata.  He  alluded 
to  the  descriptions  afforded  by  Humboldt  and  Lyell,  the  latter  hav- 
ing visited  the  locality,  and  given  it  a  careful  examination.  The 
inhabitants  described  it  as  a  convulsion,  taking  place  at  intervals 
during  three  years  ;  creating  new  lakes  and  islands,  changing  the 

>Since  the  abore  was  written  the  Spirifera  Vanuxemi  UaU  has  been  collected  Arom 
the  above  formation. 
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face  of  the  country.  The  graveyard  was  precipitated  into  the  Mis- 
sissippi river ;  forest  trees  were  tilted  in  all  directions ;  vast  vol- 
umes of  sand  and  water  were  discharged  on  high. 

The  author  presented  the  following  among  other  evidence  that 
the  phenomena  proceeded  from  mere  subsidence^  and'not  from 
earthquake  shocks.  Their  long  continuance,  from  1811  to  1813; 
their  pr<^reasion  from  place  to  place,  ending  neai'ly  one  hundred 
miles  east  of  where  they  began ;  that  they  were  never  repeated  in 
the  same  spot ;  that  none  of  the  ordinary  phenomena  of  earth- 
quakes occurred,  except  subsidence ;  that  no  great  alluvial  region, 
like  this,  was  ever  visited  by  an  earthquake ;  that  earthquakes  do 
not  occur  so  far  from  the  seashore ;  and  that  the  falling  in  of  the 
Wade  farm  of  500  acres  on  the  shore  of  Reel-Foot  Lake,  in  Jan- 
uary, 1883,  was  a  continuation,  on  a  small  scale,  of  the  supposed 
earthquakes  of  1811-13. 

In  respect  to  the  geology  of  the  region,  he  stated  that  New  Mad- 
rid and  its  vicinity  rested  on  tertiary  or  quaternary  strata. 
Sub-carboniferous  formations  are  represented  near  the  borders  of 
the  depression.  Many  of  the  older  formations,  by  which  this 
quaternary  delta  must  be  deeply  underlaid,  are  of  a  soluble  char- 
acter, as  is  shown  where  they  are  exposed  in  the  interior  of  Ken- 
tucky. Similar  subsidences  have  evidently  taken  place  in  nearly 
every  limestone  countiy ;  the  remarkable  thing  about  this  being 
that  it  occurred  in  modern  times  and  before  e^'c-witnesses.* 

1  For  discuBsion  of  this  paper  Bee  Science  for  Sept.  7,  1883. 
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CCMPARATIVK  STRENGTH   OF  MINNESOTA  AND  NeW  ENGLAND  GRAN- 
ITES.    By  N.  H.  WiNCHELL  of  Minneapolis,  Minn. 

[AB8TIU0T.] 

Having  had  recent  occasion  to  test  the  qualities  of  the  building 
stones  of  Minnesota,  the  author  subjected  them  to  the  usual  tests 
of  crushing,  using  for  this  purpose  specimens  of  two-inch  cube. 
The  specimens  included  sandstones,  limestones,  granites  and 
trap-rocks,  and  numbered  about  100.  Great  care  was  taken 
in  preparing  them  accurately.  They  were  sent  to  Gen.  Gillmore 
at  Staten  Island  and  there  subjected  to  the  tests,  which  were 
applied  by  crushing  the  samples,  one  in  the  direction  of  the 
schistose  structure  and  one  across  it.  The  following  were  the  re- 
sults with  twenty  samples  of  Minnesota  granites : 


Kind  of  stone. 


Dark  trap-rock,  massive  me* 
lapbyr      

Dark  trap-rock,  Trom  a  dyke. 
Graygabbro,  maasive,  flne. 
Bed,  flneslenite  .    .    . 


Bed  qnartzose  sionite 
Bed  qnartzose  sienite 


Bed  quartzite 


Masffive  gruy  quartzose 
enile 


Fine-grainod  gray  sionite 
Fine-grained  gray  sienite 


si- 


Average  of 


Location  of  quarry. 


(Taylor's  Fails,   Oil  sago } 
)     county ) 

Tifcher's  creek,  near  Du« ) 
iutti,  St.  Louis  county,  \ 

Rice's  Point.  Dniatli,  St.  j 
Louis  county  .     .     .     { 

Beaver       Bay,       Lake  i 
county S 


Watab,  Benton  county  .  | 

East    St.    Cloud,  Sher- 
burne county  .  .    . 

Pipestone    City,  Pipe-  j 

stone  county   .  .    .     { 

East    St.    Ciond,  Siier-^ 

bume  county  .  .    .     j 

East   St.    Ciond,  Sber-  { 

burno  county  .  .    .     { 

Sauk  Bapids  .    • 


•  ! 


Position. 


twenty  samples 


On  bed 
On  edge, 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed 
On  edge, 

On  bed 
On  edge 

On  bed 
On  e<lge 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed* 
On  edge 


Strength  in 
pounds. 


Of 

sample. 


105,000 
105,000 

105,000 
1US,U00 

109,000 
105,000 

100.000 
103,000 

103.000 
103,0001 

112.000 
105,000 

111,000 
106,000 

105.000 
103,000 

112.000 
10^,000 

80,000 
100,000 


104,800 


Per 

cubic 
inch. 


20.250 
26,250 

26,250 
26,250 

37,2.'» 
26,250 

23,000 
25,75U 

26,750 
25,760 

28,000 
26,250 

27,760 
27,000 

26.2.V> 
25,750 

28.000 
26,250 

21.500 
25,(i00 


26,675 


>  Estimate. 


*  Probably  an  Imperfect  sample. 
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Allowing  for  eleven  per  cent  difference  between  processes  ot 
crushing  between  steel-plates  and  between  wooden  cushions,  this 
gives  an  average  for  Minnesota  granites  of  23,318  pounds  per 
squai'e  inch. 

The  following  are  the  records  of  tests  of  twenty  New-England 
granites :  — 


Kind  of  stone. 


Blue  •    .    • 

Dark      .    . 

Light      .    . 
Flagging     . 

Porter'a  rock, 
Gray       .    . 
Gray      .    . 
liluiBh-gray 
Bluish-gray 


Niantic  rirer, 
Nianiio  river, 


Average  of 


Location  of  qaarry. 


Staten  Island.  K.  Y. 
Fox  Island,  Me. 
Dix  Island,  Me. 
QuiDcy,  Blass.    •    • 
UiiIdcj,  Mass.    .    . 
Hudson  River,  N.  Y. 
Cape  Ann,  Mass.    . 
Mystic  River,  Conn. 
Stonv  Creek,  Conn. 
Fall  Itiver,  Mass.     • 
Keene,  N.  H.      •    . 
Kcene,  N.  H.      .    . 
Millstone  Pt.,  Conn. 
Greenwich,  Conn.  . 
New  London,  Conn. 
New  London,  Conn. 
Vinalhaven,  Me.     . 
Vinalhnven.  Me.     . 
Westerly,  R.  I.  .    . 
Westerly,  B.L  •    . 


twenty  granites 


Position. 


On  l>ed. 


On  bed, 
On  bed. 
On  bed. 
On  bcil. 
On  bed. 
On  bed. 


On  edge. 


On  bed. 
On  edge. 


Strength  in 
pounds. 


Of 

sample. 


89.290 
69,500 
60.000 
71.000 
5^000 
53,700 
5:».750 
72.500 
60.000 
63,750 
41,000 
51,500 
64.7.')0 
45,200 
60,000 
56.700 
52.000 
67.000 
58,750 
59,750 


59,785 


Per 

cabte 
inch- 


S3,3]5 
14,975 
15.000 
17.750 
14,750 
13,4^5 
14.9S7 
1&I35 
15.000 
15J37 
10.250 
12,575 
16,lg7 
11,900 
12.500 
14,175 
1SJ» 
16,730 
UJS3B 
14.937 


14.918 


After  discussing  several  supposable  causes  of  error,  and  show- 
ing  that  they  could  not  have  applied  to  the  present  case,  the 
author  proceeds  to  suggest  causes  why  the  Minnesota  granites 
may  be  stronger  than  those  of  New  England.  He  thinks  those 
of  the  west  may  have  been  less  changed  by  decay.  The  lateness 
of  the  glaciation  to  which  they  were  exposed  may  have  left  them 
comparatively  fresh  through  the  recent  removal  of  a  considerable 
thickness.  On  this  point  we  shall  be  more  certain  when  the  glacial 
moraines  have  been  fully  traced  from  west  to  east,  and  the  eastern 
analogues  are  determined. 
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Thb  Singing  Beach  of  Manchester,  Mass.    By  II.  C.  Bolton 
of  Hartford,  Conn.,  and  A.  A.  Julien  of  New  York,  N.  Y. 

[AB8TKACT.] 

The  anthors  describe  the  acoustic  phenomena  observed  by  one 
of  them  at  Manchester-by-the-Sca,  Mass.,  and  on  the  island  of 
Eigg,  Hebrides,  together  with  the  results  of  microscopical  exami- 
Bation  of  the  sands.  The  beach  at  Manchester  forms  a  small  cres- 
cent about  three-quarters  of  a  mile  long,  and  is  terminated  at 
each  end  by  bold  promontories  of  granite,  rich  in  feldspar,  and 
intersected  by  numerous  dykes  of  igneous  rocks  among  which 
l)orphyritic  diorite  is  noticeable.  The  beach  sand  resembles  at 
first  sight  ordinary  sea-shore  sand,  but  when  struck  by  the  foot,  or 
stroked  by  the  hand,  yields  a  peculiar  sound  which  may  be  likened 
to  a  subdued  crushing ;  the  sound  is  of  low  intensity  and  pitch,  and 
is  not  metallic  nor  crackling.  This  phenomenon  is  confined  to  that 
part  of  the  beach  lying  between  water-line  and  the  loose  sand  above 
the  reach  of  ordinary  high  tide.  Some  parts  of  the  beach  emit  a 
loader  sound  than  others.  The  sounding  sand  is  near  the  surface 
only ;  at  the  depth  of  one  or  two  feet  the  acoustic  properties  disap- 
pear, probably  owing  to  the  moisture.  Only  the  dry  sand  has  this 
property.  The  sounds  occur  when  walking  over  the  beach,  increase 
when  the  sand  is  struck  obliquely  by  the  foot,  and  can  be  intensified 
bj'  dragging  over  it  a  wooden  pole  or  board.  A  slight  noise  is 
perceptible  upon  mere  stirring  by  the  hand,  or  upon  plunging  one 
finger  into  the  sand  and  suddenly  withdrawing  it. 

Similar  beaches  occur  in  various  parts  of  the  world.  One  of  us 
visited  the  island  of  Eigg,  Hebrides,  in  July  and  found  the  acous- 
tic phenomena  quite  similar  to  those  of  Manchester.  The  Eigg 
locality  has  been  described  by  its  discoverer  Hugh  Miller.  One 
of  the  most  famous  localities  in  the  world  is  on  the  island  of  Kauai, 
of  the  Hawaii  Islands.  There  the  sounds  are  said  to  be  so  loud  as 
to  resemble  distant  thunder,  when  any  great  weight  is  dragged 
over  it.  As  elsewhere  dampness  prevents  the  sound.  The  sand 
is  almost  wholly  calcareous  and  has  been  examined  by  Dr.  Blake 
of  San  Francisco. 

In  other  places  sonorous  sand  is  associated  with  high  dunes  or 
steep  hills ;  of  these  the  most  famous  is  Jebel  Nakous  on  the  Gulf 
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of  Suez,  in  Arabia  Pctroea,  which  has  been  described  by  many 
European  travellers.  A  similar  hill  exists  near  Cabnl  in  Afghan- 
istan. The  sand  of  these  hills  is  silicioas.  In  Churchill  Co.,  Nev., 
a  somewhat  similar  phenomenon  is  described,  the  sound  being 
likened  to  that  produced  by  telegraph  wires  when  the  wind  blows 
through  them. 

Microscopical  examination  of  the  sands  from  several  localities 
shows  them  to  be  unlike  in  constitution,  in  form,  and  in  structure. 
The  sand  of  Manchester  is  about  fifty  per  cent  feldspar,  that  of 
Kauai  is  calcareous,  that  of  Eigg  silicions.  The  latter  is  peculiar 
in  containing  dark  granules  of  chert  (to  about  three  or  four  per 
cent  of  the  whole)  which  has  a  cellular  structure.  The  quartz  is 
present  in  various  sizes,  some  rounded  and  others  angular. 

To  explain  the  sonorous  properties  of  these  sands  several 
theories  are  considered.  That  of  equality  of  size  of  the  grains  is 
rejected.  Resonance  due  to  cellular  structure  probably  accounts 
for  the  sound  in  the  sands  of  Kauai  and  of  Eigg,  but  this  stmcture 
does  not  occur  in  other  cases.  Effervescence  of  air  between  moist- 
ened surfaces  does  not  apply  to  the  Manchester  sand.  Sonorous 
mineral  or  rock,  such  as  clinkstone,  is  not  present.  There  is  no 
evidence  of  electrical  phenomena  being  concerned.  The  hypothe- 
sis adopted  is  based  upon  the  structure  of  the  sand  which,  instead  of 
being  composed  of  the  usual  rounded  particles,  is  made  up  of  grains 
with  flat  and  angular  surfaces.  In  the  Manchester  sand,  the  plane 
surface  of  feldspar  is  apparent  in  many  of  the  grains.  Probably  a  cer- 
tain proportion  of  quartz  and  feldspar  grains  is  adapted  to  give  the 
sound,  while  less  or' more  of  either  component  would  fail  of  the  re- 
sult. 

It  is  concluded  that  different  conditions  are  concerned  in  the 
production  of  the  sound  in  different  localities ;  as,  for  example, 
cellular  structure,  intermixture  of  grains  having  cleavi^e  planes, 
parallel  arrangement,  slight  cementation  of  the  grains,  etc. 

The  paper,  which  is  to  be  regarded  as  a  pl'climinary  notice,  ends 
with  a  table  showing  the  physical  structure  of  the  sands  from 
many  localities.  The  authors  add  an  urgent  request  for  the  con- 
tribution of  similar  facts  and  additional  material  from  other  places 
at  which  the  phenomena  may  be  observed. 
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The  Earth's  Orographic    framework:    its    Seismology  and 
Geology.    By  Richard  Owen  of  New  Harmony,  Indiana. 

[ABSTItACT.] 

I.     Its  Orography. 

Several  writers^  have  already  pointed  out  the  almost  uninter- 
rnpted  successions  of  important  mountain-chains,  from  the  Can- 
tabrians  easterly  to  China. 

The  present  paper  calls  attention  to  the  connection  of  that  so- 
called  ''Stony  Girdle  of  the  Earth"  with  two  important  G.  C's^  of* 
seismic  activity,  and  with  geological  changes  of  comparatively  re- 
cent date. 

If  we  bring  to  the  zenith  the  region  of  land  centre,  the  P.  V. 
will  coincide  with  the  main  ranges  of  the  great  east  and  west  oro- 
graphic framework,  at  least  from  the  Cantabrian  mountains  nearly 
to  the  Hindu  Gush,  and  Pamier  plateau  (or  ''Roof  of  the  World"), 
whence  the  P.  V.  crosses  the  basaltic  Deccan  to  Sumatra,  where 
it  is  90^  east  of  the  B.  M.  In  the  same  way,  continuing  west  from 
the  Cantabrians,  we  find  the  P.  V.  pass  through  the  Azores  and 
the  Lesser  Antilles,  reaching  Caraccas  to  follow  the  eastern  Cor- 
dillera of  the  Andes  to  the  region  of  the  volcanic  plateau  near 
Quito,  with  its  three  active,  five  dormant  and  twelve  extinct  vol- 
canoes, exactly  00^  west  of  the  B.  M. 

A  plane  projected  through  our  globe,  coincident  with  the  B.  M. 
would  divide  the  earth  into  an  eastern  and  western  hemisphere, 
having  respectively  the  regions  of  Quito  and  Sumatra  for  the  centre 
of  each,  exhibiting  a  duality,  not  so  apparent  when  we  divide  the 
hemispheres,  as  in  most  geographies,  about  mid-Alantic.  The 
unabbreviated  paper  points  out  many  evidences  of  this  duality, 
and  indeed  of  a  symmetrical  distribution  of  land  and  water,  seis- 
mic phenomena  and  magnetic  intensity. 

The  Andean,  and  subsequently  the  Rocky  Mountain  "Back- 
bone," or  continuous  chain  of  nearly  8000  miles  (if  we  estimate 
from  Patagonia  to  Alaska)  intersects  the  P.  V.  at  Quito ;  while 
the  somewhat  interrupted  chain  from  Behring's  Straits  through 

»  Manual  of  Modern  Geogr.  by  Dr.  MacEny,  alftb  the  "Abode  of  Snow"  by  A.  Wilson. 

>  The  abbreviations  used  in  the  Montreal  paper  "Contributions  to  Seismology''  nre 
here  continued.  B.  M.  (brazen  meridian)  is  also  used  to  indicate  the  meridian  of  land 
eentr«,  where  Switzerland  is  brought  to  the  zenith.  If  an  international  prime  meridian 
Is  e?er  adopted  this  B.  M.  would  appear  to  have  the  strongest  claims  to  that  distinction. 
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Kamchatka,  the  Kuriles,  Japan,  etc.,  intersects  the  P.  V.  not  only 
near  Java,  in  the  eastern  hemisphere,  but  also  at  Caraccas  in  the 
western  hemisphere. 

II.     Tlie  Seismology  of  the  ^^Stony  Girdle" 

The  intersections  of  the  P.  V.  at  Quito,  Caraccas  and  Java  are 
near  the  regions  of  most  internal  activity,  as  proved  by  the  Tom- 
boro  and  other  outbursts,^  the  thirty-eight  volcanoes  in  Java,  etc., 
on  the  one  hand,  as  well  as  by  the  Cotopaxi-Sangai  eruptions,  and 
the  Riobamba,  Caraccas  and  other  earthquakes  of  that  proximity, 
added  to  the  Central  American  Coseguina,  Izalca,  etc.,  seismic  ac- 
tion, on  the  other  hand. 

The  law  seems  to  be  that  the  active  volcanoes  often  form  part 
of  the  "Stony  Girdle,"  while  earthquake  regions  usually  display 
their  activity  within  areas  enclosed  by  the  great  orographic  links. 
Orton,  in  his  ''Andes,"  p.  161,  speaking  of  earthquakes  there,  says: 
''Most  damage  is  done  where  the  scdimentaiy  plains  abut  against 
the  hard,  upturned  strata  of  the  mountains." 

The  great  arctic  and  autarctic  volcanic  chain  from  Kamchatka 
and  the  Kurilcs,  along  Japan  and  across  Sumatra,  thence  through 
the  southern  PaciGc  to  South  America,  and  along  the  Andean  and 
Rocky  Mountain  backbone  of  America  to  Behring's  Straits  again, 
has  its  nearly  two  hundred  linear  volcanoes,  to  a  considerable  ex- 
tent on  the  orographic  main-chain ;  whereas  when  we  trace  the  P. 
V.  as  a  belt,  we  find  its  seismic  regions  chiefly  between  the  mount- 
ain ridges  which  make  up  that  belt  or  girdle. 

Beginning  at  the  Cantabrians,  we  may  follow  the  Pyrenees, 
Alps,  Carpathians,  etc.,  east  to  the  Caucasus ;  again  we  may  trace 
a  nearly  parallel  chain  several  hundred  miles,  south  of  the  first, 
running  from  the  Spanish  Sierra  Nevada,  in  an  easterly  direction 
through  the  Balearic  Islands  and  northern  Sardinia,  close  to  Is- 
chia,  thence  to  the  highest  Balkans  (some  nearly  10,000  ft.  high) 
and  along  Anti-Taurus  to  Armenia.  A  third  parallel  range  may 
be  followed  from  the  Atlas  mountains  to  Sicily,  the  Morea,  and 
Taurus,  including  Candia  and  Cyprus,  also  to  Armenia.  There 
all  three  unite  to  form  the  Persian  Caucasus,  from  Demavend, 
along  the  Paropamesan  range  to  the  Hindu  Cush,  as  already  in- 
cated. 

'  To  which  we  may  now  ackt  the  recent  catastrophe  in  the  Straits  of  Sanda.  and  at 
tlic  sonihwest  exireinity  of  Java,  produced  by  Karakas. 
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Either  on,  or  within,  this  tri-partite  belt,  yre  find  the  extinct  An- 
vergne  volcanoes,  the  active  mountains  or  other  regions,  such  as 
Etna,  Vesuvius,  submarine  ^^Graham,"  the  Lipari  Islands,  Santo- 
rin  and  four  other  volcanic  islands^  in  the  Grecian  Archipelago, 
the  mud  volcanoes  of  Ferekop,  the  Chimaera  in  Lycia,^  the  Baku 
*'Field  of  Fire ;"  also  the  extinct  volcano  of  the  Caucasus  (Elbu- 
ruz)  ;  those  of  Armenia  (Ararat,  Kasbek  and  Savalan  Dagh ;  be- 
sides the  active  Demavend,  in  the  Elburz  or  Persian  Caucasus. 

We  have,  further,  within  this  area,  the  highly  seismic  regions  of 
Lisbon,  Switzerland  and  Italy,  especially  Calabria ;  also  of  Ag- 
ram,  Cattaro,  and  Ragusa,  Negropont,  Scios,  Smyrna,  Antioch, 
Tabriz  in  Persia,  Schamaki,  and  numerous  places,  besides  the 
Catch,  on  the  route  to  Sumatra,  with  its  four  active  and  fifteen  ex- 
tinct volcanoes. 

Tracing  the  P.  V.  west  from  the  Cantabrians,  we  have  two  vol- 
canoes in  the  Azores  and  ten  in  the  West  Indies,  all  nearly  on 
the  P.  V.  line  to  Quito.  This  P.  V.  thus  followed  through  the 
land-hemisphere,  if  traced  through  the  oceanic-hemisphere,  will  be 
found  to  pass  through  volcanic  New  Zealand. 

It  is  also  worthy  of  note  that  when  the  P.  V.,  or  one  of  its  col- 
lateral stony  furcations,  intersects  any  one  of  the  five  equidistant 
continental  eastern  trends  (described  in  the  Montreal  paper  on 
^^Seismology")  there  are  usually  found  important  orographic  and 
seismic  results. 

III.     The  Geology  of  the  ''Stony  OircUe." 

A  close  inspection  of  Murchison's  Geological  Map  of  Europe, 
as  well  as  of  D'Orbigny's  "Extension  Geographique,"  especially  for 
the  "Neocomien"  and  "Suessonien  ;"  also  of  Dana's  and  Gel kie's 
latest  text-books,  besides  many  other  works  detailing  the  Creta- 
ceous and  Tertiary  areas,  can  scarcely  fail  to  satisfy  us  that  we 
can  trace  both  Cretaceous  and  Tertiary  along  almost  the  whole 
line  of  the  P.  V. 

The  conclusion  forced  upon  us  seems  to  be  that  the  Alps,  the 
Carpathians  and  Balkans,  the  Euxine-Caspian  Caucasus,  as  well 
as  the  Persian  Caucasus,  and  Sivalik  Hills  or  sub-Himalaya  range, 
also  the  more  southerly  Allas-Taurean  strike,  together  with  the 
western  extension  of  the  P.  V.  through  the  Azores  and  West  In- 
dies to  Chimborazo,  all  owe  their  present  elevation  partlj'  to  the 

*  Dana's  Mnnaal,  p.  703. 

*  Cosmos,  Vol.  iv  (Sabini's  trans.);  P*  251. 
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orographic  impulse  about  the  close  of  the  Mesozofc,  and  partly  to 
the  earlier  Tertiary,  especially  Nummulitic  Eocene,  and  Oligocene : 
slowly  attaining  nearly  their  maximum  eminence  during  the  Mio- 
cene ;  since  which  little  addition  seems  to  have  been  made,  as  the 
Pliocene  and  Quaternary  are  usually  undisturbed,  except  probably 
in  the  Andes.  Illustrative  details,  which  could  readily  be  given, 
have  of  course  to  be  omitted  in  an  abstract. 

Becapitulation. 

It  appears,  then,  that  a  great  mountain-framework,  in  several 
parallel  ranges,  extends  nearly  east  and  west,  from  the  centre  of 
land,  near  the  ^^Furka"  watershed  of  great  rivers  (Rhine,  Rhone, 
tributary  of  Danube,  etc.)  to  the  equator,  respectively  at  Quito  and 
Sumatra.  Strengthening  braces  run  from  the  elevated  Asiatic 
plateau  region,  and  sources  ofgreat  diverging  rivers  (Brahmaputra, 
Ganges,  Indus,  with  tributary  Sutlej,  etc.)  in  at  least  fonr  grand 
ramiGcations  through  Asia ;  while  America  is  similarly  strength- 
ened by  its  continental  arctic-antarctic  "backbone,"  whence  flow 
the  mighty  waters  of  the  Missouri,  Amazon  and  other  streams. 

The  east  and  west  "Framework,"  and  the  arctic-antarctic  Belt, 
indicate  intense  reaction  from  the  interior  to  aid  this  recent,  as 
well  as  earlier,  mountain-making :  the  five  equidistant  continental 
trends  often  marking  Paleozoic  belts^ ;  while  the  east  and  west 
"Stony  Girdle"  is  of  Mesozoic  age,  with  its  highest  finish  in  Cen- 
ozoic  times,  leaving  a  belt  of  almost  continuous  fire,  at  space-in- 
tervals sufficiently  near  to  promise  a  continuance  of  erupted 
products,  during  at  least  Quaternary  histoiy :  namely,  through  the 
five  ever  active  regions  mentioned  by  Humboldt,  Izalco,  Masaya 
and  Saugai ;  Fogo,  Stromboli  and  Chimsera,  besides  others,  scarcely 
less  active  such  as  Santorin  and  the  Malay  Archipelago 


The  Continental  Type,  or  normal  Orography  and  Geology  op 
CONTINENTS.    By  RiCHARD  OwEN  of  Ncw  Hai'mouy,  Indiana. 

[ABSTRACT.] 

In  each  one  of  the  five  great  continents  may  readily  be  traced 
a  general  plan  of  construction,  or  physiography,  connected  wiUi 
their  appearance  as  land  above  the  ocean  ;  also  a  similarity  in  their 
geognostic  histor}'  and  present  geological  areas. 

*  See  March  ison's  map  of  Paleozoic  region  e,  in  *'Siluriii,"  to  fiice  p.  fiTS. 
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In  order  to  make  this  apparent,  let  as  construct  a  cross-section 
of  each  continent,  taking  the  ocean  as  our  base  line,  and  running 
from  AV.  S.  W.  through  the  geographical  centre^  of  the  continent 
toE,  N.  E. 

In  each  case,  we  find  a  seismic  belt,  near  at  least  one  nm  of  the 
continent,  usually  of  both,  either  on  the  shore  border,  or  just  out- 
side in  the  ocean.  Orographicall3%  each  continent  is  more  or 
less  basin-shaped,  being  comparatively  low  in  the  central  area, 
with  its  chief  river  drainage ;  and  low  near  the  ocean  borders ;  ris- 
ing in  an  eastern  and  western  main  range,  with  usually  several  par- 
allel subordinate  ridges.  These  eastern  and  western  mountains 
generally  converge  southerly,  thus  assuming  a  somewhat  triangular 
form  enclosing  often  on  the  west  some  table-land. 

The  eastern  rim  is  usually  Paleozoic  with  perhaps  some  Meso- 
zoic  on  the  flanks,  and  Cenozoic  on  the  ocean  border.  The  west- 
em  elevation  is  more  commonly  Mesozoic  in  its  main  range,  and 
Cenozoic  on  the  flanks,  or  subordinate  ridges. 

A  section  running  north  and  south  (instead  of  easterly  and 
westerl}')  through  the  three  northern  continents  would  successively 
expose  Archaean,  Paleozoic,  Mesozoic  and  Cenozoic  cuts,  which  for- 
mations would  generally  increase  in  area  as  we  go  south. 

1.  Beginning  on  the  west  with  IT,  Ajmrica^  we  find  (on  travers- 
ing the  continent  from  the  region  of  California,  through  the 
continental  centre,  near  the  west  end  of  Lake  Superior  to  Maine) 
first  the  seismic  belt  running  along  the  west  coast  of  N.  America 
(marked  "  D' "  in  the  Montreal  paper  on  Seismology)  then  comes 
the  Cenozoic  in  the  coast  range  and  on  the  flanks  of  the  Sierra 
Nevada ;  subsequently  the  Rocky  Mountains,  chiefly  Mesozoic ; 
bnt,  by  their  extensive  basaltic  outflows,  forming  tablelands  of 
Tertiary  areas  aflbrding  land  and  fresh- water  fossil  animals,  some- 
times of  gigantic  proportions,  also  lignitic  coal ;  then  follows  a 
gradual  slope  to  the  great  valley  of  central  drainage.  Soon  after 
passing  the  height  of  land,  we  encounter  the  White  Mountain  and 
Katahdin  reextension  of  the  Paleozoic  Appalachians,  with  a  con- 
siderable amount  of  Mesozoic  on  the  eastern  slopes,  and  some 
Cenozoic,  rather  south  of  our  line  at  Cape  Cod  and  Martha's  Vine- 

1  This  Is  asnaUy  in  abont  lat  48*<-49*  N.,  for  northern  continents ;  on  the  equator,  for 
Aftica;  and  on  the  Tropic  of  Cancer,  for  S.  America  and  Aastralla;  as  shown  in  de- 
taU  atpp.  i37,  €t  9tq.^  of  Boston  Voi.  of  Proc,  in  paper  on  <*  Law  of  Lond-Fdrming.** 

A.  k.  A.  8.,  VOL.  XXXIL  17 
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yard.  The  section  closes  near  the  meridian  of  the  seismic  belt, 
running  from  Central  America,  through  the  West  Indies  to  Iceland : 
viz.  Great  Circle '*F'." 

To  supplement  the  above  east  and  west  sections,  we  may  trace 
N.  America  from  north  to  south,  which  will  give  us  Archsean,  as 
far  down  as  Lake  Sui)erior ;  then  Paleozoic,  as  we  go  south  to 
Tennessee ;  then  chiefly  Mesozoic  (except  in  the  extreme  centre  of 
erosion)  to  the  state  of  Mississippi ;  and  thence  Cenozoic,  to  the 
Gulf  of  Mexico,  as  well  as  in  Texas  and  Mexico. 

2.  Let  us  take  Europe  next,  in  cross-section  from  northern 
Spain,  through  Tatra  (tlic  centre  of  tlie  continent)  to  the  Caspian, 
its  eastern  termination,  in  a  depression  84  ft.  lower  than  the  ocean. 
We  find  on  the  west  a  seismic  belt  (G.  C.  "  C",  passing  over  the 
submarine  volcanic  areas  of  the  Cape  Verd  and  Canary''  Islands,  be- 
sides Lisbon)  ;  then  some  Cenozoic  in  north  Spain ;  then  chiefly  Me- 
sozoic with  some  Cenozoic  intlie  Pyrenees,  Alps  and  Carpathians; 
then  a  valley  of  great  drainage :  the  Danube,  Dniester,  Dnieper, 
Don  and  other  rivers  flowing  into  the  Black  Sea ;  besides  the  Volga, 
etc.,  into  tlie  Caspian. 

On  or  near  this  section  line,  we  have  trap,  trachyte  and  other 
ancient  eruptive  rocks,  flowing  out  at  various  points  in  France, 
Switzerland  and  Austria ;  then  we  traverse  the  tablelands  of  Han- 
gary  and  Transylvania.  Although  the  Caucasus  is  chiefly  Meso- 
zoic with  Cenozoic  on  the  flanks,  yet  a  little  south  of  our  section 
line,  Murchison  shows  a  considerable  ai'ea  of  Metamorphic,  and 
some  Paleozoic,  along  the  anti-Taurus  mountains,  as  they  trend 
toward  Armenia ;  while  north  of  our  section,  we  have  the  Paleozoic 
of  Perm  and  the  Urals,  with  outflows  of  trap,  extending  nearly  the 
whole  length  of  that  range ;  and  lastly  we  encounter  the  highly 
seismic  regions  around  the  Caspian,  which  form  part  of  G.  C.  ^^D.," 
the  same  which  passes  along  our  Appalachians. 

3.  Asia,  In  a  cross-section  from  the  Caspian  through  the  conti- 
nental centre,  near  Lake  Baikal,  to  Japan,  starting  fh>m  the  low, 
seismic  region,  we  cross  portions  of  the  radiating  ridge  from  the 
Hindu  Cush  and  Himalayas ;  then  traverse  the  comparatively  low 
Lake  Baikal  region,  and  meet  the  Khingan  mountains  on  our  route 
to  Japan. 

The  high  Himalayas  are  at  least  partly  Mesozoic,  with  Cenozoic 
on  their  flanks,  in  the  Sivaliks ;  the  central  portion  of  Asia  is  also 
partly  Mesozoic,  partly  Cenozoic ;  in  the  Provinces  between  the 
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south  extremity  of  the  Khingans  and  the  eastern  ramifications  of 
the  Kuen  Lun,  namely,  in  Hunan  and  Szechnan,^  the  Paleozoic  , 
affords  true  Carboniferous  coal ;  while  in  Japan  with  its  numerous 
volcanoes,  there  is  much  Cenozoic.^ 

4.  S.  America,  The  centre  of  this  continent  being  on  the  Tropic 
of  Capricorn,  our  section  may  run  from  tlie  region  of  N.  Chili, 
through  Brazil,  a  little  north  of  Rio.  In  this  section,  we  have  the 
Cordilleras  in  double  range,  and  find  Sorata  and  Sahama,  the  high- 
est mountains  in  the  western  hemisphere,  somewhat  north  of  this 
line.  The  mean  height  of  the  Brazil  tablelands  is  from  2000  to 
3000  ft. ;  but  the  eastern  Sierra  Montequeira,  north  of  Rio,  attains 
the  altitude  of  10,000  ft. 

The  great  centre  is  drained  north  by  the  Madera  river,  running 
into  the  Amazon  ;  south  by  the  Paraguay  and  Parana  flowing  into 
the  La  Plata. 

With  reference  to  the  geology  of  this  region,  Darwin,  D'Orbigny, 
Professors  Hitchcock  and  Orton*  mention  considerable  areas  of  Pa- 
leozoic in  the  Bolivian  Andes  and  in  eastern  Brazil,  with  some  inter-- 
roediate  Oolitic,  Cretaceous  and  Tertiary ;  the  latter  extending, 
with  Quaternary,  south  over  much  of  the  Argentine  Republic  and 
all  Patagonia.  They  think  that  this  Cenozoic  occupies  the  area 
of  wide  straits,  which  formerly  separated  the  Andes  from  Brazil. 
Some  Paleozoic  rocks  are  also  found  in  Chili,  along  with  its  enor- 
mous mountains  of  trachyte  and  active  volcanoes.  Erupted  por- 
phyries are  likewise  very  abundant.  On  each  side  of  the  continent 
there  are  seismic  belts ;  one  on  the  east  partly  submarine  (G.  C. 
^^C"),  the  other  on  the  west,  running  along  the  Andes,  etc., 
(G.  C.  "D'")  indicating  the  normal  type. 

5.  In  Africa,  as  the  centre  of  land  is  near  St.  Thomas's  Island, 
it  is  more  convenient  to  run  the  section  a  little  farther  north,  say 
from  Liberia,  nearly  through  Lake  Tchad  to  northern  Ab^'ssinia, 
so  as  to  give  land,  instead  of  water,  on  the  western  half.  The 
law  here  holds  good ;  showing  us  the  elevations  of  the  Kong 
mountains  to  some  9000  ft.,  and  at  the  north,  in  the  distance,  the 
Atlas  range  attaining  over  11,000  ft.,  while  the  more  eastern 
ranges  in  Abyssinia  reach  12-15,000  ft.  We  observe  also  the 
extensive  central  depressions,  and  the  drainage  south  by  the 
Niger. 

The  geology  is  not  accurately  known  yet,  but  seems  to  be  Cen- 

*  See  ThompBon^s  Cbina,  p.  441.      *  Mist  Bird's  Japan.      * "  The  AAdes,*'  p.  117. 
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ozoic  with  some  Mesozoio  centrally  (especially  farther  north  in 
Sahara)  ;  and,  outside  the  eastern  basin  rim,  chiefly  Cenozoic  in 
Arabia  and  around  the  Persian  Gulf.  The  Atlas  mountains  are 
Cretaceous,  overlying  Paleozoic,  with  some  Cenozoic  on  their 
flanks.  Along  the  Abyssinian  Metamorphic  mountains,  with  some 
Triassic,  we  trace,  as  also  in  Ethiopia  and  Egypt,  dioritic  and 
syenitic  eruptions.  The  whole  of  the  Pyramid  of  Cheops  is  of 
nummulitic  limestone,  but  the  lesser  pyramid,  beyond  the  Sphinx 
from  Cheops,  has  its  first  layer  of  syenite,  the  next  being  nam- 
mulitic  limestone.  The  Sphinx  itself  is  carved  from  a  red  sand- 
stone in  aituy  partly  covered  by  the  drifting  sand,  but  still  showing 
distinctly  the  beds  of  stratification. 

Outside  the  continent  of  AfHca,  we  have  two  great  seismic 
belts ;  that  on  the  west  being  6.  C.  ^'C,"  which  embraces  the  vol- 
canoes of  Cape  Verd,  Canary  Islands,  etc.  The  seismic  G.  C.  ^*  B," 
on  the  east,  besides  traversing  the  Sandwich  and  Comoro  Islands, 
runs  near  the  Bourbon  and  the  Red  Sea  volcanoes  and  crosses  the 
volcanic  and  earthquake  region  of  Central  Asia.  The  existence  of 
the  Thian  Shan  volcanoes,  notwithstanding  the  negative,  opposing 
hearsay  evidence  of  Schuyler,  in  his  work  on  Tnrkestan  that ''  no 
volcanoes  had  been  seen  by  his  informants,"  nevertheless  receives 
strong  positive  testimony,  in  Chinese  records ;  and  has  secured 
the  sanction  of  Humboldt,  Mallet,  Guyot  and  other  eminent 
scientists. 


On  Rhizocarps  in  the  Paljeozoio  Period.    By  J.  W.  Dawson 

of  Montreal,  Canada. 

[abstract.] 

The  paper  noticed  the  discovery  of  Sporangites  HurtmenM 
Dawson,  in  the  Erian  shale  of  Kettle  Point,  Lake  Huron,  and  its 
description  by  the  author  in  1871,^  when  these  organisms,  abound- 
ing in  a  bed  of  bituminous  shale  twelve  feet  in  thickness,  were  des- 
cribed as  probably  sporangia  or  macrospoi*es  of  some  acrogenoas 
plant.  Mention  was  then  made  of  the  subsequent  discoveries  of 
Professor  Orton  in  the  Erian  shales  of  Ohio,  and  those  of  Prof. 
H.  S.  Williams  and  Prof.  I.  M.  Clarke  in  New  York,  whereby  it 
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appeared  that  eimllar  organisms  are  abundanlly  distributed  in 
those  states  through  shales  250  to  300  feet  thick,  and  extending 
over  wide  areas.  The  late  Professor  Uartt  had  also  found  similar 
bodies  in  Brazil.  A  new  light  had  been  thrown  on  these  facts  by 
the  discovery  in  the  Erian  shales  of  Brazil  of  these  bodies,  still 
contained  in  circular  envelopes  or  sporocarps  similar  to  those  of 
Salvinia  and  other  modern  Rhizocarps.  This  discovery  was  due 
to  Professor  Orville  Derl)y  of  the  Brazilian  Geological  Survey, 
who  also  had  sent  specimens  to  the  author. 

Mr.  Derby's  specimens  contain  Spirophyton  and  also  minute 
rounded  Sporangites  like  thoseformerly  obtained  by  Professor  Hartt. 
But  they  differ  in  showing  the  remarkable  fact  that  these  rounded 
bodies  are  enclosed  in  considerable  numbers  in  spherical  and  oval 
sacs,  the  walls  of  which  are  composed  of  a  tissue  of  hexagonal 
cells,  and  which  resemble  in  every  respect  the  involucres  or  spore- 
sacs  of  the  little  group  of  modern  acrogens,  known  as  Rhizocarps, 
and  living  in  shallow  water.  More  especially  they  resemble  the 
sporocarps  of  the  genus  Salvinia.  This  fact  opens  up  an  entirely 
new  field  of  investigation  as  to  these  interesting  specimens,  their 
probable  affinities  with  modern  plants  and  their  probable  relations 
to  other  palseozoic  forms  of  vegetation  found  with  them. 

Mr.  Derby's  specimens  are  labelled  as  from  Rio  Trombetos  and 
Eio  Curua.    They  occur  in  two  kinds  of  matrix.     One  is  a  thinly 

Fio.  1. 


(tt)  SporangUe$  BrazilienHs,  nat.  size,   (a  X)8amc,  magnified. 

(b)  Sporangites  MMxttus^  nat.  size. 

Ce)  Detached  macrospores. 

id)  Spore-cases  of  Salvinia  natims.    (d  X)  same  magnified. 

laminated  sandy  shale,  tinged  red  with  peroxide  of  iron,  and  with 
occasional  ferruginous  laminse.  In  this  the  spore-sacs  are  flat- 
tened and  black,  and  show  the  structure  of  the  walls  under  the 
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microscope.  Tho  contained  macrospores,  when  visible,  appear  as 
minute  tubercles  or  sometimes  as  depressions  on  the  wall  of  the 
envelope,  or  more  frequently  as  round  light  colored  spots,  accord- 
ing to  their  state  of  preservation  (fig.  1,  a).  The  other  kind  of 
matrix  is  a  gray  dense  shale  in  which  the  spore-sacs  appear  less 
flattened  and  destitute  of  carbonaceous  matter. 

The  very  numerous  spore-sales  contained  in  these  shales  are  ex- 
tremely variable  in  size  and  form,  and  may  have  belonged  to  sev- 
eral species  of  plants.  They  resolve  themselves,  however,  into 
two  leading  types,  which  may  be  provisionally  named  Sporangites 
Braziliensis  and  S.  bUobatua;  though  I  would  suggest  for  them, 
in  prospect  of  the  discovery  of  their  vegetative  parts,  the  name 
Protosalvinia.     They  may  be  described  as  follows  : — 

Sporangites  (Protosalvinia)  Braziliensis^  s.  n.  (fig.  1,  a).  Sporo- 
carps  thin,  carbonaceous,  having  a  structure  of  dense  hexagonal 
cells  and  enclosing  macrospores  which  vary  in  number  from  three 
or  four  to  as  many  as  twenty-five,  t'orm  circular,  oval  or  reniform. 
Longest  diameter  from  three  millimetres  to  six  millimetres.  Some 
of  the  sacs  which  do  not  show  included  round  bodies  may  have 
held  microspores. 

S.  (P.)  bilohatus^  s.  n.  (fig.  1,6).  Sporocarps  oval  or  reniform, 
three  millimetrea  to  six  millimetres  in  diameter,  each  showing  two 
rounded  prominences  at  the  ends,  with  a  depression  in  the  middle, 
and  sometimes  a  raised  neck  or  isthmus  at  one  side  connecting 
the  prominences.  Some  of  the  specimens  indicate  that  each  prom- 
inence or  tubercle  contained  several  macrospores.  At  first  sight 
it  would  be  easy  to  mistake  these  bodies  for  valves  of  Beyrickia, 

The  following  remarks  were  made  on  the  probable  affinities  of 
these  bodies  and  their  relation  to  other  Erian  plants : 

There  can  be  no  question  of  the  close  resemblance  of  the  Brazil- 
ian species  of  Sporangites  with  the  spore-envelopes  of  modern 
Rhizocarps,  Some  individuals  of  the  S,  Braziliensis  are  scarcely 
distinguishable  in  form  or  contained  macrospores  from  the  sporo- 
carps of  Salvinia  natans  of  the  rivers  of  Europe  (fig.  1,  d).  It  is 
true  that  the  analogy  of  Salvinia  would  lead  us  to  expect  other 
sacs  containing  microspores ;  but  in  ordinary  circumstances  the 
latter  could  not  be  preserved  in  a  visible  state,  and  on  the  Brazil- 
ian shales  there  are  many  specimens  not  showing  macrospores, 
and  which  might  have  been  filled  with  microspores  which  have 
been  flattened  into  an  undistinguishable  mass. 
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If  we  compare  the  separate  macrospores  of  the  Brazilian  sporo- 
carps,  and  especially  those  which  are  found  detached  from  their 
envelopes,  with  Sporangitea  Huronensis^  we  see  a  remarkable 
similarity  in  size,  form  and  texture,  sufficient  to  justify  us  in  sup- 
posing that  the  latter  may  be  of  the  same  nature  with  the  former, 
but  deprived  of  their  outer  cases  cither  by  dehiscence  or  by  decay, 
and  this  is  the  view  which  I  am  now  disposed  to  take  of  their 
nature,  and  which  better  accords  with  their  wide  distribution  in 
aqueous  deposits  and  with  their  accompaniments  than  any  other 
supposition.  I  may  add  that  Professor  Orion  and  Professor 
Clarke,  in  letters  to  the  author,  refer  to  grouping  of  the  Utile 
rounded  bodies  and  traces  of  enveloping  membrane.  In  this  con- 
nection I  would  also  mention  the  sacs  containing  rounded  boilics 
known  as  Parka^  and  which  have  been  met  with  in  the  Erian  beds 
both  in  Scotland  and  in  Gasp6,  and  have  been  supposed  to  be  ova 
of  crustaceans.  It  is  true  that  these  are  much  larger  than  the 
sporocarps  above  referred  to,  but  on  examination  of  Gasp6  speci- 
mens in  my  collection,  I  am  disposed  to  suspect  that  they  also 
may  prove  to  be  the  fructification  of  Bhizocarps. 

It  remains  to  enquire,  Are  there  any  Erian  plants  known  to  us 
in  tlieir  stems  and:foliage,  to  which  such  organs  of  fk'uctification 
as  those  above  described  might  have  belonged? 

A  preliminary  question  would  naturally  be  as  to  the  vegetative 
organs  of  modern  Rhizocarps.  On  reference  to  the  descriptions, 
and  to  a  somewhat  extensive  collection  of  specimens  placed  at  my 
disposal  by  Mr.  Poc  \Yatt  of  Montreal,  I  dnd  that  these  may  be 
referred  to  three  leading  types.  Some,  like  Pilularia^  Jiave  simple 
linear  leaves ;  others,  like  Mdrsilea^  have  leaves  in  verticils  and  cu- 
neatein  form ;  while  others,  like  Azolla  and  Salvinia^  have  frondose 
leaves,  more  or  less  pinnate  in  their  arrangement.  The  first  type 
presents  little  that  is  characteristic,  but  there  are  in  the  Erian 
sandstones  and  shales  great  quantities  of  filamentous  and  linear 
objects  which  it  has  been  impossible  to  refer  to  any  genus,  and 
which  might  have  belonged  to  plants  of  tho  type  of  Pilularia.  It 
is  quite  possible  also  that  such  plants  as  Psilophyton  glabmm  and 
CardaUes  angustifolia^  of  which  the  fructification  is  quite  unknown, 
may  have  been  allied  to  Rhizocarps.  With  regard  to  the  verti- 
cillate  type  we  are  at  once  reminded  of  Sphenophyllum,  which  many 
palffio-botanists  have  referred  to  the  MarsiliacecR^  though  like  other 
palaeozoic  Acrogens  it  presents  complexities  not  seen  in  its  modem 
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representatives.  S.  primasvum  of  Lesqaereax  is  found  in  the 
Hudson  River  group,  and  my  S,  antiquum  in  the  middle  Erian. 
Besides  these  there  are  in  the  Silurian  and  Erian  beds,  plants  with 
verticillate  leaves  which  have  been  placed  with  the  Annularite^ 
but  which  may  have  differed  from  them  in  fructification.  Annnr 
laria  laxa  of  the  Erian  and  Pfotannularia  Harknessii  of  the  Silu- 
rian may  be  given  as  examples.  As  to  pinnate  leaves,  I  have 
already  referred  to  the  remarkable  plants  of  the  genus  Ptilopfiyton^ 
found  both  in  the  Erian  and  Carboniferous,  and  which  seem  to 
have  been  aqualic  in  th^ir  habit  like  Rhizocarps.  It  is  deserving 
of  notice  also  that  the  two  best  known  species  of  Psilophyton  (P. 
princeps  and  P.  robustiu8)y  while  allied  to  Lycopods  by  the  struc- 
ture of  the  stem  and  such  rudimentary  foliage  as  they  possess,  are 
also  allied,  by  the  form  of  their  fructification,  to  the  Rhizocarps, 
and  not  to  ferns  as  some  paleeo-botanists  have  incorrectl}'  sup- 
posed.^ 

I  do  not  suppose  that  the  facts  above  stated  furnish  any  posi- 
tive proof  that  the  abundant  Sporangites  of  the  Erian  period  were 
the  fructification  of  Rhizocarps,  but  they  establish  a  certain  proba- 
bility of  this,  and  invite  to  further  researches.  If  it  should  prove 
that  these  humble  plants,  now  so  insignificant,  culminated  in  the 
Palseozoic  age,  and  occupied  the  extensive  submerged  flats  of  that 
period  with  an  abundant  vegetation,  producing  a  great  quantity 
of  the  bituminous  matter  found  in  the  resulting  beds,  this  early 
culmination  of  the  Rhizocarps  would  be  strictly  in  accordance 
with  other  facts  in  the  development  of  the  vegetable  kingdom. 
We  may  even  be  permitted  to  speculate  on  the  existence  in  the 
early  Palaeozoic  and  Ek>zoic  ages  of  a  rich  Rhizocarpean  vegetation, 
anticipating  the  great  development  of  the  Acrc^ens  in  the  later 
Palseozoic. 

I  have  not  referred  above  to  the  well-known  fact  that  in  certain 
beds  of  coal  and  shale  of  the  Carboniferous  period  there  are  multi- 
tudes of  globular  spore-cases  or  macrospores  not  dissimilar  from 
those  above  described.  These  may  have  been  derived  from  plants 
of  higher  organization  than  the  Rhizocarps,  yet  it  is  quite  possible 
that  this  group  of  plants  may  have  contributed  to  them.  It  is, 
however,  only  in  the  Erian  that  these  Sporangites  are  so  widely 
and  abundantly  distributed  in  aquatic  beds,  and  that  we  have  di* 
rcct  evidence  as  to  their  origin. 

^  See  Report  on  Erian  Plants  of  Canada,  1882. 
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On  a  large  Crustacean  from  the  Catskill  Group  of  Fbnn- 
8TLTANIA.  Bj  E.  W.  Clatpole  of  Btichtel  College,  Akron, 
Ohio. 

In  this  paper  an  account  was  given  of  a  very  large  crustacean 
fossii  recently  found  in  the  Catskill  sandstone  of  Pennsylvania. 
Only  the  head  remains  and  part  of  that  is  incomplete.  One  side 
however  is  perfect  and  the  other  can  therefore  be  readil}'  restored. 
In  shape  it  is  semi-elliptical,  resembling  one  end  of  an  ellipse. 
Roughly  speaking,  it  bears  a  striking  likeness  to  a  vastly  magni- 
fied head  of  Cephalaspis.  But  the  total  absence  of  all  traces 
of  bone  excludes  the  possibility  of  its  being  ichtbyic.  The  remains 
of  the  creature  consist  of  a  thin  black  scale  covering  the  whole 
surface  except  where  it  has  been  removed  by  accident  or  compres- 
sion ;  a  longitudinal  ridge  extends  along  the  middle,  rising  appar- 
ently at  both  ends  into  spines  or  tubercles  and  another  ridge  crosses 
this  near  its  hind  end.  This  ridge  is  continued  in  a  double  curve 
resembling  the  arms  of  an  anchor  fore  and  aft. 

So  far  as  I  have  yet  been  able  to  make  a  study  of  this  fossil,  it 
appears  to  be  more  readily  allied  to  the  king  crab  {LimtUiLs) 
than  to  any  other  existing  order.  But  its  immense  size,  8^  inches 
in  both  directions,  renders  it  very  conspicuous  and  the  elongated 
outline  of  its  head  is  in  strong  contradistinction  to  the  semicircular 
head-thorax  of  Limulus.  There  can  be  little  doubt  that  it  was 
closely  allied  to  the  great  fossil  crustaceans  of  the  order 
Eurypterids.  But  the  squarish  outline  of  the  head  of  these 
is  totally  wanting  and  instead  of  the  flat  smooth  glabella  the 
surface  of  the  head  is  ridged  as  above  described. 

I  have  been  unable  to  discover  any  trace  of  eyes  and  am  there- 
fore unable  to  obtain  the  valuable  evidence  they  would  give  in 
placing  the  fossil.  But  the  addition  of  so  strange  a  form  to  the 
meagre  fauna  of  the  Catskill,  from  which  only  three  or  four  fish 
have  thus  far  been  described,  raises  the  hope  that  one  day  we 
may  become  better  acquainted  with  the  life  of  the  Catskill  age 
of  which  at  present  almost  nothing  is  known. 
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Bemsselaebia  fbom    the  Hamilton    Group  of   Pekkstlyania. 
By  E,  W.  Clatpolb  of  Bucbtel  College,  Akron,  O. 

[ABSTRACT.] 

The  genus  Bensselaeria  has  been  hitherto  confined  almost  ex- 
elusively  to  two  horizons  or  groups :  the  Lower  Helderberg  aj^d  the 
Oriskany  sandstone.  Of  the  twelve  species  thus  far  described,  four 
have  been  obtained  from  the  former  and  seven  from  the  latter  of 
these  groups. 

One  only,  22.  Johanni^  has  been  described  by  Prof.  Hall  from  the 
Corniferous  rocks  of  Waterloo,  Iowa.  The  specimens  have  all 
the  outward  appearance  of  Reusselaeria,  but  Prof.  Hall  expresses 
some  doubt  concerning  the  accuracy  of  his  determination. ^ 

The  occurrence  therefore  of  well  marked  large  specimens  of  Rens- 
selaeria  high  up  in  the  Hamilton  rocks  is  a  fact  deserving  of  note, 
being  at  least  unexpected. 

In  regard  to  the  species  I  must  say  that  I  am  at  present  quite 
unable  to  separate  it  from  H.  Marylandica  of  the  Oriskany  sand- 
stone. 

The  material  in  which  it  occurs  is  a  coarse  sandstone  known  io 
the  geology  of  Perry  County  as  the  Hamilton  Sandstone,  a  local 
deposit  in  the  group  occurring  about  800  feet  above  the  horizon  of 
the  Marcellus  black  shale  and  about  1000  feet  above  the  Oriskany 
Sandstone.  Its  only  accompanying  fossil  is  a  spirifer  closely  re- 
sembling, and  I  believe  identical  with,  Spirifera  formo^a^  Hall. 


Pbeuminart  Notb  on  the  Microscopic  Shell-structure  of  the 
Paleozoic  Bbachiofoda.    By  James  Hall  of  Albany,  N.  Y. 

[abstract.] 

In  the  earlier  studies  of  the  fossil  Brachiopoda,  the  numerous 
species  were  referred  to  few  generic  terms,  determined  mainly  from 
their  perforate  or  non-perforate  apex  and  external  form,  and  later 
from  the  study  of  tlie  interior  as  these  parts  became  known.  The 
author  said,  that  from  time  to  time,  as  these  characters  had  become 
known  to  him  from  the  study  of  large  collections,  he  had  found  it 
necessary  to  propose  the  separation  of  more  than  twenty  new  gen- 

>  Professor  Hall  infonns  me  Uiat  he  has  now  removed  the  species  in  question  tiGm. 
this  genus. 
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erio  forms  beyond  those  previously  recognized  in  this  class  of  fos- 
Bils.  Other  authors  had  also  proposed  ne^  generic  terms,  until  the 
list  had  become  many  times  greater  than  it  was  twenty-five  years 
ago. 

While  the  interior  structure  of  the  hinge,  and  the  muscular  and 
vascular  markings,  were  now  pretty  well  known  for  most  of  the 
generic  forms  in  use,  comparatively  little  attention  had  been 
given  to  the  minute  structure  of  the  shell. 

The  study  of  this  structure  had  been  commenced  by  him  many 
years  ago,  but  he  had  been  thwarted  in  his  efforts  to  procure  the 
required  cutting  and  polishing  of  specimens  of  the  shells  neces- 
sary for  microscopic  study.  Through  the  aid  of  Mr.  C.  E.  Beecher, 
Assistant  in  the  State  Museum  of  Natural  History,  he  had  now 
been  able  to  obtain  such  thin  slices  of  the  shell  as  were  required 
for  this  pur|)ose,  and  had  already  several  hundi*ed  slides  prepared 
for  the  microscope. 

A  few  of  these  only  were  shown,  exhibiting  the  shell-structure 
of  as  many  genera.  A  considerable  number  of  photographs  had 
been  made,  illustrating,  in  a  very  satisfactory  manner  the  minute 
structure  of  each  one,  enlarged  to  twenty  diameters.  The  photo- 
graphs exhibited  were  illustrations  of  several  species  of  Orthis, 
Lept^na,  Stropuomena,  Strophodonta,  Chokbtes,  etc. 

The  study  of  this  shell-structure  has  shown,  very  satisfactorily, 
what  was  partially  known  before,  that  the  genus  Ortuis,  as  now 
defined  and  constituted,  includes  very  heterogenous  material. 
External  form,  hinge  characters,  and  interior  muscular  impressions, 
have  been  the  chief  guide ;  and  yet  forms  have  been  included 
under  this  genus,  showing  widely  different  muscular  markings. 
On  further  microscopic  study,  it  has  been  found  that  these  differ- 
ences in  form  of  muscular  impressions  are  accompanied  by  impor- 
tant differences  in  the  shell-structure. 

These  differences  may  be  noted  in  the  illustrations  presented, 
where  the  shell  of  Orthis  hiforata^  O.  borealiSy  0.  tricenaria^  O. 
occidentalism  O.flabella,  are  non-punctate  and  coarsely  fibrous,  Or- 
this (  9)  strophomenoides  is,  like  Streptorhtnchus',  fibrous.  Orthis 
suhquadrata  has,  like  0.  occidentalism  a  few  large  pnnctae. 

In  the  second  group,  Orthis  testudinaria^  0.  Vanuxemim  O.  per^ 
veta^  O.  j^^n^lopem  0.  elegajitula^  0.  clyticm  and  0.  hyhrida^  have  one 
or  more  rows  of  punctae  to  each  ray,  the  tows  well  defined,  and  the 
intermediate  shell  finely  fibrous. 
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The  third  group,  eonsisting  of  Orthia  mxdticostata  of  the  lower 
Helderberg,  O.  loioensis  of  the  Hamilton  group,  O.  Tulliensis  of 
the  Tully  limestone,  O.  imjyressa  of  the  Chemung  group,  are  highly 
punctate  with  a  fine  fibrous  texture  of  tlie  shell  substance. 

The  puncUB  usually  come  out  along  the  summits  of  the  radia- 
ting striiB  or  plications  of  the  shell.  In  some  s[>ocies  the  minote 
tubes  perforating  the  shell,  and  producing  these  pnucUe,  bifurcate 
and  diverge  before  coming  to  the  external  surface  of  the  shell. 

This  difference  in  shell-structure,  in  forms  known  as  Orthis, 
will  require  a  separation  of  the  species  into  groups  based  upon 
this  structure,  and  character  of  muscular  impressions.  Already 
we  see  that  the  shells  of  compact  fibrous  texture  have  a  form  of 
muscular  impression  quite  unlike  those  with  the  punctate  structure; 
and  we  shall  probably  find  that  all  the  interior  modifications  of 
the  muscular  system  arc  accompanied  by  differences  in  the  micro- 
scopic structure. 

This  method  of  determining  the  shell-structure,  in  eases  where 
the  specimen  may  be  imperfect,  and  thereby  enabling  the  determi- 
nation  of  obscure  or  fragmentary  material,  and  its  geological  re- 
lations, will  be  of  much  importance  to  the  geologist. 

The  structure  of  the  shell  in  Strophoxena  is  closely  fibrous, 
with  distant  large  punctae.  In  Strophodomta,  the  punctie  are 
more  numerous.  In  CnoNETES,  the  punctae  are  large  and  arranged 
in  a  single  row  upon  the  radii,  having  a  pustulose  aspect  similar 
to  those  of  Strophodomta. 

In  many  other  forms,  the  punctate  texture  of  the  shell  is  char- 
acteristic, and  of  importance  in  the  determination  of  the  generic 
forms. 

The  physiological  significance  of  this  peculiar  shell-structure 
will  be  considered  upon  some  future  occasion,  illustrated  by  mom 
numerous  examples. 


Animal  Remains  from  the  Loess  and  Glacial  Clats.     By 
William  McAdams  of  Alton,  III. 

[abstract.] 

The  drift  clays  proper  at  Alton,  III.,  had  a  maximum  thickness 
of  about  one  hundred  feet,  and  the  bluff  clays  were  nearly  of  the 
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same  thickness.  These  clays  were  remarkably  rich  in  animal  re- 
mains, such  as  teeth  and  bones,  attached  to  calcareous  nodules  or 
claystones.  Remains  of  thirteen  diflferent  species,  now  perhaps 
all  extinct,  had  been  found.  The  rodents  were  well  represented 
by  bones  of  seven  species,  including  three  or  more  beavers  and  some 
gophers.  Nearly  seventy  teeth  were  found  in  the  quaternary  do- 
posits,  a  majority  of  them  in  a  single  quarry. 


A  New  Vertebrate  from  the  St.  Louis  Limestone.    By  William 
Mc  Adams  of  Alton,  III. 

[ABSTRACT.] 

One  of  the  groups  of  subcarboniferous  limestones  is  quarried 
extensively  near  Alton  and  St.  Louis.  It  lies  beneath  the  coal, 
and  in  some  places  the  coal  rests  directly  upon  it.  A  number  of 
vertebrate  remains  have  been  found  in  one  of  the  quarries  near 
Alton.  Specimens  were  shown  to  the  Section.  In  the  judgment 
of  Professor  Newberry,  the  fossils  shown  were  the  bones  of  some 
large  fish.  One  appeared  to  be  the  mandible  or  dental  bone  of 
the  lower  jaw.  Without  pronouncing  a  final  opinion,  he  would 
say  that  it  bore  a  general  resemblance  to  a  group  of  fossil  fishes  in 
which  the  teeth  were  inserted  in  sockets ;  but  the  animal  itself  was 
large  and  hitherto  unknown. 


Ok   a  Whfte  Garnet  from  near  Hull,  Canada.    By  George 
F.  KuNZ  of  New  York,  N.  Y. 

[abstbact.] 

Twenty-one  miles  north  of  Hull  on  the  Gatineau  river,  at  Wake- 
field, Canada,  in  a  seam  of  crystalline  magnesian  limestone  are  found 
some  remarkable  white  garnets.  This  occurrence  has  been  known 
to  a  number  of  collectors  for  a  few  years,  but  as  yet  no  information 
regarding  them  has  been  published.  I  found,  on  visiting  the  lo- 
calit}',  that  they  form  a  vein  from  several  inches  to  over  one  foot 
in  width  in  magnesian  limestone,  the  vein  running  east  and  west, 
a  distance  of  over  seventy-five  feet.  The  garnets  are  entirely  em- 
bedded in  the  limestone  which  can  best  be  removed  by  the  action 
of  acid  not  affecting  the  crystals. 
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This  Tein  was  followed  to  the  depth  of  more  than  six  feet.  The 
crystals  vary  from  the  size  of  a  pin-head  to  three  inches  across. 

The  color  is  from  colorless  and  transparent  (small  mineraloglcal 
gems  having  been  cut  from  them)  to  yellow  running  into  brown. 

This  locality  is  possibly  the  only  one  that  has  famished  white 
garnet  as  a  gem.  The  latter  color  is  very  often  the  result  of  the 
oxidation  of  the  pyrrhotite.  Associated  with  the  garnet  are  ciys- 
tals  of  pyrrhotite  and  fine  crystals  of  a  white  pyroxene ;  the 
crystals  adhering  together,  are  held  together  sufficiently  by  the 
pyroxene  to  form  fine  groups  of  this  mineral  when  the  limestone 
has  been  removed  by  the  acid.  Perfect  isolated  crystals  are  very 
uncommon.  The  specific  gravity  of  tlie  mineral  is  3.6002  and 
3.5948  (C.  Bullraan)  ;   3.52,  3.53  (T.  S.  Hunt,  Orford,  Canada). 

The  Orford  composition  is  almost  identical  with  an  anal3'sis  of 
a  white  garnet  by  T.  Stcrry  Hunt,  from  Geological  Survey,  Or- 
ford, Canada,  1863,  p.  496. 


C.  BULLXAW. 

T.  Stbrrt  Udkt 

Silica, 

88^ 

38.89 

Alnmina, 

28je6 

S.71 

Sesquioxido  Iron, 

1.75 

Oxide  Manganese, 

0^ 

Lime, 

85.00 

8iA 

Magnesia, 

0.08 

0.49 

Oxide  Iron  and  ManganeBe, 

1.00 

Potash, 

Trace. 

Soda, 

0.47 

Ignition, 

1.10 

99.19  99.80 

Spectroscope  gave  no  potassinm  lime.    Soda  not  determined. 

The  forms  observed  were  1,  and  1  and  2-2  combined. 


Amdalusitb  from  a  new  American  localtit.    By  George  F. 
KuNz  of  New  York,  N.  Y. 

[ABSTRACT.] 

At  Grorham,  Me.,  on  the  shores  of  Sebago  lake,  about  one  year 
ago,  some  excavating  was  done  for  a  road,  and  from  the  pile  of 
rock  thrown  out  in  blasting  a  mass  was  selected  by  Mr.  Hayden 
of  Raymond,  Me.,  who  resides  in  the  vicinity,  who  thought  from 
the  outward  appearance  and  the  occuri*ence  in  it  of  pyrrhotite  In 
crystals  that  it  might  contain  something  of  interest.  This  some- 
time later,  he  found  to  contain  the  specimens  now  presented  here. 
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These  crystals,  for  perfection,  in  color  and  size,  are  eqnal  to 
those  found  at  any  known  locality  where  this  mineral  does  not 
occur  as  a  gem.  The  color  is  mostly  brownish  flesh-color  and  at 
times  the  pink  color  fades  to  a  faint  gre3'ish  pink.  The  crystals 
are  opaque  but  translucent  in  pieces  of  from  3mm.  to  5mro.  in 
thickness;  specific  gravity  3.12mm. - 3.14mm. ;  size,  a  broken 
cr3'stal  measured  90mm.  (long),  53mm.  (broad)  48ram.  (thick). 

Several  measure  over  80mm.  ih  length  and  one  fragment  of  a 
large  crystal  measured  55mm.  on  oue  face  and  may  have  originally 
measured  over  TOinm.  on  the  macro-prism.  Some  crystals  are  very 
small,  say  1mm.  in  diameter. 

The  hardness  on  the  side  of  the  prism  is  from  6  -  6.5,  on  the  O 
plane  7  -  7.5.  The  crystals  consist  of  a  simple  orthorhombic  prism 
with  the  O  plane  largely  developed,  the  other  faces  have  not  been 
fully  determined  as  yet,  but  are  possibly  I  T,  I T. 

The  crystals  occur  in  a  quai'tzite  vein  in  a  mica  schist  of  a  brown 
color  scattered  through  which  are  beautiful  small  crystals  of  pyr- 
rhotite.  The  crystals  which  I  here  exhibit  and  a  few  fragments 
are  all  that  have  been  found  as  yet  in  the  locality.  A  hasty  visit 
paid  to  the  locality  failed  to  bring  to  light  any  more  specimens, 
the  rock  having  been  thrown  back  into  the  excavation  and  all  traces 
of  mineral  thus  obliterated.  More  attention  paid  to  this  locality 
would  surely  repay  the  mineralogist  with  a  good  reward,  as  miner- 
als of  this  class  are  rarely  found  in  a  few  large  isolated  crystals, 
when  the  indications  are  so  favorable  as  in  this  case. 


Topaz   and   Associated   Minerals    from    Stoneham,    Oxford 
County,  Maine.^    By  George  F.  Kunz  of  New  York,  N.  Y. 

[AB8TBACT.] 

Associated  with  topaz  that  exceed  in  size  and  perfection  those 
as  yet  found  at  any  American  locality,  I  found  a  number  that  are 
worthy  of  mention.     The  topazes  were  in  perfect  crystals.     The 

following  forms  have  been  observed :  0,  t-i;  prisms  7,  t-^,  i-2,  i-3, 

M  ;  macrodomes  f-t,  2-i;  brachydomes  2-1,  4- J;  pyramids  i,  J,  j, 

1,2;  1-2,2.2. 

>  In  a  lot  of  minerals  In  the  possession  ofN.  H.  Ferry  of  Soatli  Paris,  Maine,  August 
1883, 1  obsenred  a  crystal  tliat  I  nt  once  recognized  as  topas.  Since  then  considerable 
work  has  bc«n  done  by  us,  and  the  minerals  here  described  bronglit  to  light.  To  Mr. 
Terry  mnch  credit  is  due  for  his  observation  and  carefbl  manner  of  working. 
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The  finest  crystals  were  from  10mm.  to  65mm.  long ;  the  largest 
crystal  measured  a,  COmm.,  &,  65mm.,  c,  56mm.,  and  was  entirely 
perfect  and  transparent  in  parts.  The  color  of  the  crystals  varied 
from  colorless  to  light  green  and  light  bine.  Small  perfect  gems 
have  been  cut  from  some  of  the  fragments. 

The  large  rough  crystals  measured  from  200mm.  to  300mm. 
across,  and  weighed  from  10  to  20  kilos  ;  faces  I'ongh  and  the  crys- 
tals broken  in  the  bed ;  color  of  these  light  blue,  light  green,  and 
white  or  yellowish. 

These  crystals  are  full  of  the  characteristic  fluid  cavities.  The 
hardness  same  as  the  Brazilian. 

Colnmbite  was  scattered  through  the  cleavelandite  in  crystals 
from  1mm.  to  lOmm.  in  length.  A  number  of  acicular  crystals 
bunched  together  resembled  a  fibrous  structure. 

One  pocket  contained  about  20  kilos  of  this  mineral,  and  one 
uncouth  part  of  a  crystal  weighed  8.0  kilos  ;  evidently  the  whole 
mass  was  either  a  crystal  or  a  group  of  crystals. 

Triplite  is  scattered  all  through  tlie  rock  in  pieces  from  one 
gramme  to  one  kilo  in  weight,  stainiug  all  the  other  minerals,  es- 
pecially the  quartz  and  cleavelandite. 

One  mass  that  may  have  been  a  large  rough  crystal  furnished 
over  fifly  kilos  of  this  mineral.  The  color  is  a  light  chocolate 
brown,  streaked  with  almost  transparent  veins  of  a  lighter  colored 
variety  of  the  bame  mineral,  and  is  remarkably  pure  in  character, 
translucent  in  small  pieces,  possibly  the  Var  Zweiselite. 

Triphyllite,  one  very  imperfect  crystal,  was  found  about  15mm. 
long. 

Montmorillonite  in  pink  masses,  shading  from  light  to  dark  pink 
in  color,  filling  cavities  between  crystals  and  plates  of  cleavelandite, 
these  impressions  having  an  apparent  crystalline  form ;  also  in 
small  botryoidal  masses,  resembling  rhodocrocite  identical  with 
the  Branchville  mineral  described  by  Brush  and  Dana. 

Uranite  in  minute  scales  on  the  cleavelandite  was  observed. 

Dendrites  cover  the  cleavage  faces  of  the  felspare. 

Beryl  occurs  in  huge  crystals  through  the  entire  hill  and  almost 
in  contact  with  the  topaz.  One  vein  was  traced  for  over  forty 
feet  that  was  full  of  crystals  several  feet  long  and  about  one  foot 
across.    No  fine  crystals  were  found  here. 

Zircon  cr^'stals  are  scattered  through  the  cleavelandite,  from 
1mm,  to  10mm.  in  length.    The  faces  ai'e  all  dull  and  sometimes 
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the  crystals  are  altered  to  malacon ;  faces  observed'  were :  Pyra- 
mid 1 .     Prism  I,  iL 

Garnet  in  poor  crystals  occurs  sparingly ;  it  is  evidently  a  man- 
ganesian  variety  and  resembles  the  triplite  in  color. 

Cleavelandite  in  fine,  large  plates  and  cleavages,  by  the  ton,  is 
of  a  snowy  white  color  or  turns  to  this  color,  from  a  dark  brown, 
after  a  short  exposure  to  the  action  of  the  sun.  Pockets  in  it  are, 
as  elsewhere,  lined  with  beautiful  minerals.  In  and  at  the  junct- 
ure with  the  mica  the  fine  topazes  were  found.  The  color  is  due  to 
the  decomposition  of  the  triplite. 

Quartz  occurs  in  abundance,  massive  and  milky  in  color,  break- 
ing with  an  apparent  cleavage,  at  times  curiously  spotted  with 
triplite. 

Small,  irregular  crystals,  and  one  smoky  cr}'8tal  80mm.  by 
75mm.,  were  found.  The  massive  variety  is  filled  with  fluid 
cavities,  and  large  pieces  break  easily  as  if  with  apparent  ex- 
plosion. . 

Apatite,  small,  very  perfect  crystals,  white  in  the  centre,  and 
blue,  purple  or  green  at  each  termination.  Faces  observed :  Pyr- 
amid 1.  O  largely  developed.     Prism  I  and  t2. 

A  massive,  compact,  vitreous,  dark  green  variety  in  nodules 
weighing  one  kilo  each. 

Fluorite  fills  cavities  in  the  cleavelandite,  dark  purple  in  color ; 
and  some  small,  beautiful  octohedral  crystals,  of  a  light  blue  color, 
resembled  topaz  in  appearance. 

Margarodite  and  muscovite  in  large  quantities,  forming  veins ; 
the  former  light  yellowish  green  almost  radiated  in  structure,  the 
latter  cleaving  in  fibrous  masses  and  then  in  crystals  transparent 
through  the  prism,  although  two  to  six  inches  in  diameter. 

Carved  mica  Damourite?  in  large  curved  shells  resembling  sau- 
cers, some  of  them  four  inches  across. 

Biotite  crystals  crystallize  in  the  muscovite  and  the  color  of 
very  thin  sections  is  a  dark  brown  by  sunlight. 

These  minerals  occur  in  a  coarse  granite  hill  (250  feet  long 
and  about  100  feet  wide  at  the  top),  on  Hamdon  Hill,  Stonehamf 
Me.,  near  the  Stow  line,  all  the  constituent  minerals  crystallizing 
on  a  large  scale.  Work  may  be  resumed  at  an  early  date  and  may 
some  very  interesting  things  to  light. 
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Colored  Tourmalines  and  Lepidolitb  Crtstals  from  a  hew 
American  Localitt.     By  George  F.  Kunz  of  New  York, 

[abstract.] 

In  addition  to  Paris,  Hebron  and  Norway,  Maine,  as  localities 
for  colored  tourmalines,  I  will  now  briefly  describe  a  new  locality, 
f.  6.,  Auburn,  Oxford,  Maine. 

Here,  associated  with  smoky  quartz,  orthoclase,  amblygonite, 
columbite,  lepidolite,  muscovite,  cleavelandite,  beautiful  blue,  pink, 
green  and  purple  apatite,  cassiterite  and  zircon,  were  found  a  num- 
ber of  pockets  of  fine  colored  tourmalines.      Tbe  colors  of  the 
crystals  obtained  were  red,  blue,  green  and  colorless,  and  at  times 
all  three  colors  in  different  parts  of  the  same  ciystal  as  at  Paris, 
Maine.    T)ie  crystals,  however,  differ  in  general  appearance  and 
also  in  form,  and  as  a  rule  are  lighter  in  color.    The  largest  crys- 
tal of  tourmaline  was  105mm.  long  (over  4  inches),  and  10mm. 
wide,  transparent,  but  flawed,  and  had  all  the  colors  combined, 
red,  green,  blue  and  colorless,  in  different  parts.     Crystals  from 
10  to  60mm.  were  found,  and  the  larger  number  were  terminated 
by  a  pink  cap.    A  number  of  gems  were  obtained,  principally 
colorless,  green  pink  and  blue. 

O 
Forms  observed  :     Pyramid  R    Prism  1  ii 

Smoky  quartz  in  crystals  150mm.  to  200mm«  ir  length,  coated 
with  a  curious  felspathic  mineral,  and  at  times  penetrated  by  tbe 
colored  tourmalines  for  several  inches. 

Lepidolite  is  found  here  in  hexagonal,  isolated  crystals,  crys- 
tallizing out  in  distinct  crystals  on  larger  ones  of  the  same  min- 
eral or  on  crystals  of  quartz  and  feldspar,  although  not  sharply 
enough  defined  for  measurement,  yet  they  are  the  finest  examples 
of  this  mineral  in  crystal  form  that  I  have  as  yet  observed  from 
any  locality. 

In  size  they  are  fix)m  5  to  8mm.  wide,  and  from  5  to  loinm^ 
in  length.  Large  masses  have  parts  of  crystals  showing  that  Uiey 
are  from  SOmm.  to  60mm.  in  length. 

The  interior  of  the  crystals  is  a  fine  pink  color,  but  the  outside 
is  a  light  pink  with  a  silvery  lustre.    The  other  minerals  are  ixyt 
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worthy  of  any  special  mentioD,  except  the  columbite,  of  which  a 
very  fine  perfect  crystal  was  found,  and  that  the  mnscovite  alters 
to  lepidolite.  This  locality  was  first  worked  and  the  minerals 
found  in  place  by  N.  H.  Perry  of  South  Paris,  Maine,  to  whose 
kindness  I  am  indebted  for  information  and  use  of  specimens. 


A  Note  on  the  finding  of  two  fine  Ahebican  Beryls.    By 
Gbobge  F.  Eunz  of  New  York,  N.  Y. 

[ABSTRACT.] 

In  addition  to  the  topaz  and  other  minerals  from  Stoneham, 
Oxford  Co.,  Maine,  the  finding  of  two  beryls,  exceptional  for 
American  occurrence,  may  be  mentioned.  These  were  found  sev- 
eral miles  apart,  and  several  miles  from  the  topaz  localities. 
They  were  discovered  by  chance  within  the  last  two  years,  by 
farmers,  in  pastures  in  this  township.  The  first  is  only  one-half 
of  the  original  crystal  and  has  been  roughly  used  by  some  one 
who,  possibly,  discarded  it  as  worthless  after  breaking,  or  else 
broke  it  in  taking  from  the  rock  and  then  rejected  it,  not  know- 
ing its  value. 

This  crystal  is  120mm.  long  and  54mm.  wide,  and  was  evidently 
130mm.  long  and  75mm.  wide.  The  color  is  a  rich  sea-green  as 
viewed  in  the  direction  of  the  longer  axis  of  the  prism  and  sea- 
blue  of  a  very  deep  tint  through  the  side  of  the  crystal.  The 
color  and  the  material  in  this  crystal  are  the  finest  that  have  been 
found  at  any  American  locality  and,  if  not  broken,  the  crystal  and 
material  would  be  equal  to  the  finest  foreign  specimens  known. 
It  will,  if  cut,  furnish  the  finest  large  gem  of  this  mineral  found 
in  the  United  States,  one  gem  weighing  at  least  thirty  karats, 
and  a  number  of  small  ones  weighing  from  one  to  six  karats. 

The  other  crystal  is  doubly  terminated,  being  41mm.  long  and 
15mm.  in  diameter.  Over  one-half  is  transparent  with  a  faint 
green  color,  the  remainder  being  of  a  milky  green  and  only  trans- 
lacent.    At  the  Juncture  of  the  two  colors  the  crystal  has  the  ap- 
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pearance  of  a  solution  in  wliich  a  flocculent  precipitate  has  almost 
completely  settled  leaving  the  upper  portion  nearly  clear. 

The  observed  planes  are,  O,  largely  developed,  1  and  2—2 ; 
prism,  I  and  i-2.  Tlie  finding  of  the  two  crystals  in  snch  a 
manner  can  bnt  lead  one  to  think  that  rich  material  must  be  stored 
in  the  vicinity  and  would  warrant  farther  search. 
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Instead  of  presenting  a  summary  of  the  progress  made  in  biol- 
ogy during  the  past  year,  I  have  chosen,  rather,  to  speak  of  the 
'^Needs  and  Opportunities  of  Agriculture,'' — a  subject  that  has 
heretofore  scarcely  been  mentioned  at  the  meetings  of  this  associ* 
ation.  Within  the  past  few  years  the  progress  of  agriculture, 
ivhich  I  use  in  its  broadest  sense,  has  been  greater  than  ever  be- 
fore. This  may  be  attributed  to  a  variety  of  causes ;  such  as  the 
general  thrift  and  intelligence  of  our  people,  and  the  advancement 
of  science. 

Many  agricultural  schools  have  been  established,  experiment- 
stations  organized,  the  rural  press  has  been  much  improved  in 
quality  and  quantity,  clubs  and  societies  are  flourishing,  and  thous- 
ands of  granges  have  helped  to  stimulate  thought  and  investigation. 
Though  there  is  much  chance  for  improvement,  the  U.  S.  Depart- 
ment of  Agriculture  in  several  of  its  sections  has  done  excellent 
work.  It  is  true,  and  it  is  strange  that  it  slfould  be  true,  that, 
until  within  a  comparatively  recent  period,  but  very  little  of  the 
best  thought,  even  of  civilized  nations,  has  been, devoted  to  subjects 
intended  to  advance  agriculture. 

Columella,  eighteen  hundred  years  ago,  keenly  felt  the  want 
of  more  thought  in  agriculture  when  he  said,  '^  Husbandry  alone, 
which,  without  doubt,  is  next  to,  and,  as  it  were,  near  akin  to, 
wisdom,  is  in  want  of  both  masters  and  scholars.  Of  agriculture, 
I  have  never  known  any  who  professed  themselves  either  teachers 
or  students.**  Many  of  our  states  have  freely  appropriated  money 
to  conduct  surveys  in  geology,  mining,  with  a  little  attention 
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given  to  zo51ogy  and  botany,  not  neglecting  to  provide  liberally 
for  coast-surveys. 

The  nation,  considering  its  age,  has  also  been  very  generous 
with  money  in  support  of  surveys  of  various  kinds,  including  also, 
anthropology,  construction  of  lighthouses,  improving  rivers  and 
harbors,  investigating  the  supplies  of  fish,  and  even  astronomy  has 
been  generously  supported.  It  is  true  that  some  of  this  work 
performed  by  the  government  has  been  very  poorly  done,  and 
has  been  enormously  expensive;  but  the  methods  of  work  are 
improving. 

This  munificence  of  the  United  States  in  support  of  science  is  en- 
couraging, and,  as  far  as  it  goes,  speaks  well  for  the  country  and 
our  law-makers.  Doubtless,  in  many  cases,  the  close  connection 
with  politics  is  one  gi'eat  hindrance  to  conducting  successfully  in- 
vestigations in  science  for  the  government.  The  chances  of  losing 
positions  are  often  too  great  to  make  them  desirable,  especially  to 
persons  who  dislike  political  contests.  Frequent  changes  are 
fatal  to  good,  long-continued  work. 

Notwithstanding  the  large  sums  of  money  expended  by  our  na- 
tional and  state  governments  in  support  of  science,  but  a  small 
sum,  considering  its  importance,  has  been  appropriated  in  the  in- 
terest of  agriculture.  Even  private  gifts  have  gone  to  endow  lit- 
erary colleges,  schools  of  physical  or  natural  science,  astronomical 
observatories,  public  libraries,  and  not  to  endow  something  which 
is  directly  intended  to  encourage  agriculture.  The  men  like 
Lawrence,  Shefiield,  Smithson,  Peabody,  Washburn,  Swift,  Stevens, 
are  numerous,  but  not  numerous  enough.  All  honor  to  the  noble 
names  of  those  who  have  so  generously  contributed  to  the  advance- 
ment of  science  I 

To  illustrate  the  hesitanc}^  of  men  to  bequeath  money  for  the 
promotion  of  agriculture,  I  take  the  following  from  an  address 
given  by  President  T.  C.  Abbot : — 

*^I  met  a  very  pleasant  and  intelligent  gentleman,  who,  from  his 
large  wealth,  was  about  to  give  some  sixty  or  seventy  thousand 
dollars  for  the  advancement  of  higher  education.  He  had  been 
for  some  years,  and  was  still,  the  president  of  a  state  agi'icultural 
society.  He  was  a  farmer.  Did  he  then  endow  some  chair  of  ag- 
riculture, or  agricultural  chemistry,  of  veterinary  science  or  horti- 
culture ?  Did  he  fit  out  an  experiment-station  to  analyze  fertilizers, 
to  study  the  value  of  cattle-foods  ?    Did  he  establish  an  agricultural 
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library  ?  None  of  these.  He  found  the  science  that  was  the  most  ad- 
vanced of  any,  the  one  that  government  supports  at  a  great  ex- 
pense from  the  public  treasury.  This  fanner  gave  his  thousands 
to  endow  another  workshop  of  astronomy." 

Tet,  even  in  respect  to  private  endowment,  there  are  approach- 
ing signs  of  better  da3^s  for  agriculture.  A  few  far-seeing  men 
have  observed  the  needs  of  this  interest,  and  have  set  a  noble 
example  by  giving  of  their  wealth  bounteously.  Cornell,  Bussey, 
Pnrdne,  Valentine,  Storrs,  in  this  country,  are  names  which  will 
long  be  honored  for  their  liberal  gifts  in  the  interests  of  agricul- 
ture. They  showed  great  sagacity,  and  not  a  little  originality, 
by  placing  endowments  in  a  new  fields  where  gifts  are  few,  and  the 
opportunities  for  good  are  boundless.  It  is  hoped  that  these  illus- 
trious examples  will  stimulate  others  to  make  similar  bequests. 

Where  agriculture,  thrives,  there  we  always  find  a  prosperous 
people.  She  needs  more  trained  minds  to  work  in  her  interests. 
With  better  thought  would  come  great  and  needed  improvements 
in  the  agricultural  department  of  the  nation.  It  lacks  means, 
strength,  and  stability. 

The  matter  of  plans,  and  the  naming  of  a  competent  director  of 
the  geological  survey,  were  referred  to  the  National  Academy  of 
Sciences,  whose  suggestions  the  government  authorities  sought 
and  adopted. 

The  same  body,  or  the  Standing  Committee  of  this  Association, 
or  the  members  of  the  Society  for  the  Promotion  of  Agricultural 
Science,  would  be  amply  competent  to  name  a  good  man  for  com- 
missioner of  agriculture.  Such  a  plan  would  throw  the  position 
more  out  of  politics,  and  it  would  be  more  likely  to  run  smoothly 
on,  like  the  work  of  the  Smithsonian  Institution. 

Greater  permanency  would  tend  to  make  the  department  more 
efficient,  and  help  it  to  codperate  with  the  agricultural  depart- 
ments of  the  several  states  and  the  agricultural  colleges  and 
experiment-stations. 

The  leading  object  of  these  remarks  is  to  call  the  attention  of 
those  who  are  working  for  the  advancement  of  pure  science  to  the 
great  needs  of  agriculture,  the  grand  opportunities  for  making 
discoveries,  and  the  lasting  gratitude  which  such  workers  are  likely 
to  receive  from  the  people.  Of  course,  we  grant  that  all  science 
is  valuable,  that  much  of  pure  science  has  a  practical  bearing, 
that  no  one  can  foretell  what  practical  results  may  be  reached  by 
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investigations  in  pure  science ;  still  tlierc  is  a  tendency  among 
scientific  men  to  ignore  economic  science. 

I  will  illustrate  my  meaning.  Ttie  U.  S.  Signal  Service  is  gen- 
erally supposed  to  liave  been  established  in  the  interest  of  science, 
with  the  avowed  intention,  also,  of  benefiting  navigation.  The 
benefits  in  these  respects  are  certainly  worth  all  they  cost,  but 
these  are  not  all  the  benefits  which  the  service  should  recognize. 

I  note  the  following  as  given  by  Dr.  R.  C.  Kedzie  some  months 
ago,  to  illustrate  the  tardiness  of  science  and  the  government  to 
grant  asRistance  promptly  to  the  interests  of  agriculture. 

^'  No  industry,  except  navigation,  is  so  completely  at  the  mercy 
of  the  weather  as  agriculture,  in  its  widest  sense.  In  the  mag- 
nitude of  the  interests  thus  threatened,  agriculture  outweighs  all 
others  in  importance.  Indeed,  without  the  sustaining  influence 
of  agriculture,  commerce  itself  would  vanish  like  the  dew  of  morn- 
ing. Timely  warnings  of  impending  meteorological  dangers  might 
be  given  by  the  signal-service,  which  would  be  of  incalculable 
worth  to  agriculture." 

He  illustrates  the  subject  by  referring  to  the  protracted  rainy 
weather  during  the  wheat-harvest  of  1882,  in  Michigan,  where  the 
loss  was  very  great.  ^^The  approach  of  a  protracted  storm  was 
known  for  days  l)efore  the  damage  was  done.  If  specific  wam- 
\u^  had  been  given  our  farmers  at  that  time,  most  of  the  wheat 
mt<'ht  have  been  safely  housed,  an<l  the  farmers  of  Michigan  saved 
from  a  loss  of  more  than  $1,000,000.  The  damage  inflicted  in 
this  way  is  not  isolated  and  exceptional." 

At  len<^th  the  growers  of  cotton  and  tobacco  in  the  sonth,  and 
of  cranberries  in  New  Jersey,  have  been  recognized  by  the  govern- 
ment, and  warnings  of  approaching  frosts  have  been  promptly 
given.  ^^The  general  government,  through  the  signal-service, 
should  hold  the  shield  of  its  protection  over  land  as  over  sea,  over 
corn  fields  as  over  tobacco-plant,  over  hay-field  as  over  cranberry- 
marsh  over  wheat-field  as  over  cotton-plantation,  over  orchards 
and  vineyards,  and  the  cattle  upon  a  thousand  hills  and  prairie 
leas.  Why  not  extend  this  work  into  wider  fields  by  doing  for 
the  producer  what  it  has  so  well  done  for  the  carrier?" 

The  opinion  seems  to  be  too  prevalent  that  few  experiments  in 
agriculture  are  worth  attempting,  unless  it  be  those  conducted  by 
u  chemist.  This  is  by  no  means  the  case,  though  it  is  ti*ue  that 
none  but  a  chemist  is  capable  of  making  those  of  a  certain  nature. 
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A  physicist  will  still  find  in  the  soil  much  to  interest  him,  and 
there  is,  no  doubt,  a  chance  to  make  discoveries  valuable  to  agri« 
culture. 

With  regard  to  the  great  importance  of  investigations  and  united 
action  concerning  the  control  of  various  plagues  of  our  domes- 
tic animals,  we  should  suppose  no  one  would  give  a  dissenting 
voice.  Some  valuable  investigations  have  been  made  concerning 
the  cause  and  nature  of  these  diseases,  among  the  most  interest- 
ing of  which,  it  seems  to  me,  are  the  experiments  made  by  Dr. 
Salmon  in  using  an  attenuated  virus  for  inoculating  animals,  and 
inoculating  again  and  again  with  a  stronger  virus  those  not  af- 
fected by  the  attenuated  virus.  If  the  subject  of  animal  plagues 
and  the  means  of  controlling  them  were  fully  discussed  at  meet- 
ings of  this  association,  it  would  tend  to  allay  prejudice,  enlighten 
the  minds  of  our  citizens,  and  stimulate  our  law-makers  to  action. 
That  there  is  need  of  a  more  general  knowledge  of  this  subject, 
I  quote  from  a  recent  article  by  Professor  Law  in  the  proceedings 
of  the  Society  for  the  Promotion  of  Agricultural  Science.  "  The 
present  agitation  on  behalf  of  legislation  for  the  extinction  of  this 
lung  plague  in  America  began  actively  in  1878,  and,  notwithstand- 
ing that  the  subject  has  been  continually  before  federal  and  state 
legislators  for  four  years,  but  little  real  progress  has  been  made. 
Among  the  drawbacks  that  may  be  specially  named  is  the  ignor- 
ance of  legislators,  of  executives,  and  even  of  electors,  on  this 
subject." 

In  learning  how  to  feed  domestic  animals  economically,  there 
is  a  great  opportunity  for  investigation.  There  is  much  of  interest 
and  value  to  be  learned  in  reference  to  the  causes  of  fluctuation 
in  weight  of  animals  which  are  carefully  fed  and  watered  in  a  uni- 
form manner. 

Concerning  the  great  need  of  continued  and  increasing  efforts 
to  investigate  our  injurious  and  beneficial  insects,  I  need  say  but 
little ;  for  the  subject  has  been  kept  before  the  people,  and  the 
people  are  always  interested  to  know  something  about  an  insect 
as  soon  as  it  injures  their  crops,  or  causes  them  trouble  in  any  way. 
There  is  especially  much  need  of  more  experiments  to  find  better 
remedies  for  injurious  insects.  Attention  to  this  portion  of  the 
subject  cannot  fail  to  meet  with  some  degree  of  success.  Success 
here  is  sure  to  win  the  favor  of  every  one  engaged  in  agriculture. 
Success  in  finding  good,  cheap,  and  safe  remedies  for  injurious  in« 
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sects  will  tend  to  make  scienoe  popular,  and  make  endowments  foe 
research  mach  easier  and  more  frequent  than  ever  before. 

I  need  hardly  add,  that  he  who  finds  or  breeds  a  race  of  honey- 
bees which  is  hardier,  more  industrious,  longer-lived,  quieter,  pos- 
sessed of  longer  tongues,  and,  last  but  not  least,  possessed  of 
blunter  stings,  with  less  inclination  to  use  them, — he  who  can 
succeed  in  any  or  all  of  these  objects  is  entitled  to  rank  with  the 
man  who  shall  cause  two  blades  of  grass  to  grow  where  only  one 
grew  before. 

The  U.  S.  Commission  on  Fish  and  Fisheries  is  an  example  of 
good  scientific  work,  with  prospects  of  early  returns  in  the  form  of 
an  increase  in  knowledge  and  a  large  increase  in  the  supply  of  fish. 
A  somewhat  similar  work,  conducted  by  Prof.  S.  A.  Forbes  of  Il- 
linois, is  in  progress,  where  the  object  of  the  survey  is  to  inquire 
into  the  food  of  birds  and  the  food  of  fishes. 

Some  valuable  scientific  work  of  an  economic  nature  has  been 
done  in  connection  with  the  tenth  census,  conspicuous  among  which 
is  that  performed  by  Prof.  C.  S.  Sargent,  in  the  study  of  forestry. 

Botanical  explorers  in  every  land  have  repeatedly  and  liberally 
contributed  plants  of  economic  importance  to  the  horticulturist, — 
a  few  new  fruits,  but  more  especially  flowers  and  foliage-plants. 
An  occasional  contribution  has  been  made  to  agriculture  in  the 
form  of  plants  which  promised  to  be  of  value  for  seeds  or  forage, 
or  for  some  other  purpose. 

I  have  often  been  surprised  that  more  attempts  had  not  been 
made  to  secure  the  introduction  of  some  new  foreign  grasses,  and 
test  them  to  ascertain  their  value  for  meadows  and  pastures.  To  be 
sure,  grasses  from  western  £urope  have  been  tried ;  but  we  need 
others. 

More  than  twelve  years  ago  this  idea  appeared  in  my  address 
on  grasses,  as  given  before  the  Northwestern  Dairymen's  Associa- 
tion, where  the  advice  was  given  to  yet  other  grasses  from  J^>an, 
China,  central  Asia,  and  the  dryer  portions  of  South  America.  The 
cereals  and  pasture-gi*asses,  the  world  over,  are  of  more  value  to  man 
and  his  domestic  animals  than  all  other  plants  taken  together ;  yet 
the  list  of  pasture-grasses  now  generally  sown  in  any  state  can  be 
counted  on  the  fingers  of  one  hand.  In  Great  Britain,  where  much 
attention  has  been  given  to  the  subject,  twenty-five  or  thirty  spe- 
cies are  much  cultivated.-  It  is  hard  to  give  all  the  reasons  why  so 
few  grasses  are  employed  in  this  country,  but  the  fact  remains 


ADDRESS  BT  W.  J.  BBAL.  285 

that  few  are  caltivated.  The  grass  family  is  a  large  one,  contain- 
ing iW>in  thirty-one  hundred  to  four  thousand  or  more  species. 
They  are  widely  distributed  in  nearly  all  parts  of  the  habitable  globe, 
in  every  soil,  in  society  with  others,  and  alone.  This  does  not  con- 
vey an  adequate  idea  of  their  value  in  unwooded  regions,  because 
the  number  of  individuals  of  several  of  them  is  exceedingly  large. 

I  have  recently  found  the  following  in  the  American  Agricultu- 
rist for  1858,  a  statement  probably  made  by  Dr.  Thurber.  **  A 
dozen  sorts,  probably,  cover  nincteen-twentieths  of  all  the  cultiva- 
tcii  meadow-land  from  Maine  to  Texas.  It  can  hardly  be  supposed 
that  so  limited  a  number  meets,  in  the  best  manner  possible,  all 
the  wants  of  so  great  a  variety  of  soil  and  climate.  This  is  one  of 
the  pressing  wants  of  our  agriculture.  Experimental  farms  are 
needed  where  the  value  of  new  grasses  and  kindred  questions  can 
be  determined.  A  single  new  grass,  that  would  add  but  an  extra 
yield  of  a  hundred  pounds  to  the  acre,  would  add  millions  of  dol- 
lars annually  to  the  productive  wealth  of  the  nation." 

Still  farther  back,  in  1853,  the  late  I.  A.  Lapham  of  Wisconsin 
expressed  similar  views ;  and  still  longer  ago,  it  1843,  forty  years 
ago,  in  a  prize-essay,  J.  J.  Thomas  said,  *^  The  great  deficiency  in 
number  and  the  variety  of  our  cultivated  grasses  has  been  long  felt 
by  intelligent  cultivators.  **  In  this  subject  but  very  slow  pn^ress 
has  been  made  in  forty  years. 

In  the  extensive  unwooded  regions  west  of  the  Mississippi,  the 
native  grasses  afford  much  pasture ;  but  many  of  them  start  very 
late  in  spring,  and  stop  growing  early  in  autumn.  They  do  not 
completely  occupy  the  ground :  they  are  easily  stamped  out  by  the 
hoofs  of  cattle  and  sheep.  Some  of  the  tame  grasses  will  thrive 
better,  and  afford  much  more  pasture. 

In  Science,  vol.  i,  p.  186,  of  this  year.  Prof.  N.  S.  Shaler  refers 
to  this  subject.  He  says :  ^^  It  seems  possible  to  improve  this  pas- 
ture by  the  introduction  of  other  forage-plants  indigenous  to  re- 
gions having  something  like  the  same  climate.  The  regions  likely 
to  famish  plants  calculated  to  flourish  in  a  region  of  low  rainfall 
include  a  lai^e  part  of  the  earth's  surface.  Those  that  would  suc- 
ceed in  Dakota  are  not  likely  to  do  well  in  Texas  or  Arizona.  For 
the  northern  region,  the  uplands  of  northern  Asia  or  Patagonia 
are  the  most  promising  fields  of  search ;  while  for  the  middle  and 
aoothem  fields,  the  valley  of  the  La  Plata,  southern  Africa,  Aus- 
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tralia,  and  the  Algerian  district,  may  be  looked  to  for  suitable 
species/'  He  recommends  three  experiment  stations, — one  in 
Nebraska,  one  in  Texas,  and  one  in  Arizona. 

In  this  connection,  when  we  remember  that  exotic  plants  often 
thrive  better  than  natives^  we  see  what  a  vast  field  lies  ready  for 
experimenting  with  the  glasses. 

Grasses  look  much  alike  to  all  who  have  not  closely  studied 
them ;  so  that  farmers,  in  fact,  none  except  botanists,  are  likely  to 
attempt  experiments.  This  is  a  strong  reason  why  the  state  and 
national  governments  should  assist  agriculture  in  an  undertaking 
which  seems  so  fruitful  of  good  results  within  a  short  time,  at  so 
trifling  an  expense.  Expeditions  are  sent  at  great  expense  to  ex- 
plore polar  seas,  with  a  view  to  slightl}'  extending  our  knowledge 
of  a  barren  portion  of  the  earth's  surface.  Large  sums  are  em- 
ployed to  fit  up  in  magnificent  style,  and  to  send  to  the  remotest 
parts  of  the  eai*th,  expeditions  to  spend  a  few  minutes  in  observ- 
ing an  eclipse  or  a  transit  of  Venus.  Would  the  sending  of  com- 
petent persons  around  the  earth  in  search  of  better  grasses  be  an 
undertaking  less  praiseworthy? 

The  men  who  control  the  Northern  Pacific  Railway  were  enter- 
prising enough  to  see  that  a  complete  economic  survey  of  the 
adjacent  territory  would  help  the  sale  of  their  land.  Among  other 
things,  the  grasses  will  be  carefully  examined. 

For  the  past  ten  years  the  writer  has  been  testing,  in  a  small 
way,  some  hundred  and  fifty  species  of  grasses.  These,  with  few 
exceptions,  are  natives  of  the  eastern  United  States  and  western 
Europe.  I  am  fully  convinced  that  further  experiments,  carefully 
made  on  a  larger  scale  in  several  portions  of,  our  country,  would 
be  quite  sure  to  result  in  great  gain  to  agriculture. 

Grasses  suitable  for  the  western  prairies,  to  take  the  place  of 
those  which  will  be  rapidly  stamped  out  by  close  feeding,  are  sure 
to  be  found  even  without  the  aid  of  the  government ;  but  greater 
time  will  be  required. 

Prof.  E.  M.  Shelton  of  Kansas  Agricultural  College  has  probably 
done  more  than  any  one  else  in  the  west  to  test  grasses  and  clo- 
vers, and  difiUse  imformation  in  regard  to  the  results,  which  are 
most  gratifying.  At  nearly  all  the  gatherings  of  farmers  in  the 
west,  this  question  of  new  grasses  is  a  prominent  topic  of  discussion. 

Wherever  irrigation  has  been  well  tried,  especially  on  land  which 
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Is  light  and  well  drained,  the  results  have  been  quite  surprising, 
converting  a  dry,  hungry  meadow  into  a  little  oasis.  Such  a 
meadow  is  the  triumph  of  agricultural  art. 

One  of  the  most  remarkable  results  of  irrigation,  as  viewed  by  a 
Bcientific  man,  is  this :  the  list  of  grasses  will  not  remain  the  same, 
or  maintain  the  same  proportion.  The  bad  grasses  will  nearly  all 
die  out,  or  improve  in  quality ;  while  the  best  ones  will  rapidly  in- 
crease. And  again :  experiments  in  England  have  shown  that 
irrigation  causes  many  herbaceous  plants,  distinct  from  grasses, 
snch  as  plantain  and  buttercups,  to  give  place  to  good  grasses. 
Docks  are  not  diminished  by  irrigation.  The  best  grasses  are  a 
sign  of  good  land  in  fine  condition.  Such  grasses  are  hearty  feed- 
ers, and  are  most  sensitive  to  good  treatment.  In  a  well-managed 
meadow,  irrigation  in  four  years  increased  the  value  threefold. 

Solon  Robinson  long  ago  expressed  the  view,  that,  if  the  streams 
of  tlie  Connecticut  were  properly  utilized  in  irrigating  the  soil, 
they  would  be  more  productive  in  value  than  by  turning  all  the 
water-wheels  of  the  state.  More  experiments  in  irrigation  are 
much  needed  in  this  country. 

Baron  J.  B.  Lawes,  a  most  renowned  experimenter  in  agriculture, 
possessed  an  old  pasture  which  had  been  in  permanent  grass  over  a 
century.  No  fresh  seed  of  any  kind  was  sown  during  this  period. 
For  some  seven  years  or  more,  he  experimented  by  applying  to 
this  old  pasture,  on  different  plats,  twelve  different  kinds  of  ma- 
mires.  The  results  were  very  interesting  and  gratifying.  '^The 
manures,  which  much  increased  the  produce  of  hay,  at  the  same 
time  very  much  increased  its  proportion  of  graminaceous  herbage. 
The  total  miscellaneous  herbage  (chiefly  weeds)  was  the  most  nu- 
merous in  kind,  and  nearly  in  the  greatest  proportion,  on  the  un- 
manured  land,^viz.,  sixteen  per  cent, — while  on  the  manured 
plat  it  decreased  to  two  per  cent.  Every  description  of  manure 
diminished  the  number  of  species  and  the  frequency  of  occurrence 
of  the  miscellaneous  or  weedy  herbage.  A  few  weeds  were  in- 
creased by  the  manures,  such  as  Rumex  and  Achillaea." 

"The  plants  of  a  meadow,"  in  the  words  of  the  Agricultural 
Gazette,  "live  in  harmony  on  the  unmanured  open  park,  having 
nothing  to  fight  for  in  a  state  of  nature ;  but  toss  them  a  bone, 
ground  fine,  or  any  other  choice  bit,  and  their  harmonious  compan- 
ionship terminates  at  once.  Every  act  of  improved  cultivation 
occasions  instant  war.    A  grass  likes  the  best  that  can  be  got. 
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It  will  swallow  soda,  but  not  when  it  can  get  potash.  As  a  gen- 
eral principle,  all  mannres  tend  to  drive  out  the  weeds  by  increas- 
ing the  better  herbage."  A  repetition  of  like  experiments  in  this 
country  could  not  fail  to  give  valuable  results. 

In  Europe  some  success  has  been  reached  in  selecting  and  culti- 
vating different  varieties  of  Lolium  perenne^  Dactylis  glomercUa^ 
and  Trifolivm  pratenae. 

The  field  is  a  promising  one  for  any  careful  and  enthusiastic 
student.  For  three  years  past,  I  have  been  studying  hundreds  of 
plants  of  red  clover  at  all  seasons  and  stages  of  growth.  I  have 
plants  growing,  the  seeds  of  which  came  from  marked  plants  which 
varied  much  from  each  other.  Plants  in  the  fields  of  red  clover 
vary  amazingl}*  in  many  respects,  whicli  influences  their  value  for 
forage-crops.  I  Ixslieve  our  fields  of  red  clover  to-day  contain 
nearly  or  quite  as  great  a  variety  of  plants  as  would  a  field  of  In- 
dian corn,  if  we  were  to  mix  in  a  little  seed  of  all  the  varieties  cnl- 
tivate<l  in  any  one  state. 

Some  of  .our  grasses  in  cultivation  are  quite  variable,  notably 
the  fescues,  orchard-grass,  and  perennial  rye*grass.  It  was  some 
time  ago  observed  that  alfalfa  of  California,  and  lucerne  of  Europe, 
were  quite  different  in  their  capacity  to  endure  dry  weather,  though 
they  belong  to  the  same  species.  Different  treatment  in  widely 
separated  countries  for  many  years  has  wrought  a  great  change. 

The  subject  of  changing  seed,  planting  old  seed,  mixing  seed, 
raising  it  one  year  or  more  in  a  remote  country  and  then  returning  to 
the  starting-point,  deserves  the  attention  of  careful  experimenters. 

The  late  Charles  Darwin  experimented  on  the  effects  of  cross 
and  self-fertilization  of  plants,  and  found  that  in  most  cases  plants 
from  crossed  stock  were  earlier,  hardier,  germinated  better,  and 
yielded  more  seeds,  than  those  from  seed  of  self-fertilized  plants, 
while  crossing  with  foreign  stock  of  the  same  variety  is  a  far 
greater  improvement.  The  idea  is  to  cross  the  flowers  of  a  plant 
with  pollen  from  other  plants  of  the  same  variety,  the  seeds  of 
which  were  raised  pure  for  five  or  more  years  in  a  remote  locality, 
fiftj*^  miles  or  more  awa\'. 

Mr.  Darwin  said,  ^4t  is  a  common  practice  with  horticulturists 
to  obtain  seeds  from  another  place,  having  a  very  different  soil,  so 
as  to  avoid  raising  plants  for  a  long  succession  of  generations  un- 
der the  same  conditions ;  but,  with  all  the  species  which  freely  intei^ 
cross  by  the  aid  of  insects  or  the  wind,  it  would  be  an  incomparably 
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better  plan  to  obtain  seeds  of  the  required  variety,  which  had  been 
raised  for  some  generations  under  as  different  conditions  as  possi- 
ble, and  sow  them  in  alternate  rows  with  seeds  matured  in  the  old 
garden.  The  two  stocks  would  then  intercross,  with  a  thorough 
blending  of  their  whole  organizations,  and  with  no  loss  of  purity 
to  the  vanety ;  and  this  would  yield  far  more  favorable  results 
than  a  mere  exchange  of  seeds." 

In  a  word,  with  plants  which  may  be  easily  crossed,  get  some 
foreign  seed  of  the  same  sort  and  mix  with  your  own  seeds  to  raise 
seeds  for  ensuing  crops. 

In  1877  I  began  some  experiments  of  this  kind  with  Indian  corn 
and  with  beans,  and  have  since  made  others.  The  advantages 
shown  by  crossing  of  corn  over  that  not  crossed  was  as  151  exceeds 
100,  and  in  the  case  of  black  wax-beans  it  was  as  236  exceeds  100. 
Since  then  similar  experiments  have  several  times  resulted  in  show- 
ing a  large  increase  in  favor  of  crossing  with  foreign  stock. 

In  a  review  of  Darwin's  book,  the  Gardener's  Chronicle  of  Eng- 
land said  in  1877,  ^^It  is  certain  that  these  practical  results  will  be 
a  long  time  filtering  into  the  minds  of  those  who  will  eventually 
profit  most  by  them."  The  results  of  my  experiments  have  been 
widely  printed  in  the  agricultural  papers  of  the  day,  and  have  been 
given  at  numerous  farmers'  institutes  and  granges,  beginning  in  the 
winter  of  1877,  nearly  six  years  ago ;  and  yet  I  cannot  learn  that 
any  other  person  in  this  country  has  attempted  similar  experi- 
ments. I  Mill  make  one  exception,  in  the  case  of  Prof.  W.  A. 
Henry  of  Wisconsin  University,  who  tried  the  experiment  in  con- 
nection with  myself.  The  results,  so  far,  fully  accord  with  the 
prophetic  statement  above  quoted  from  the  Gardener's  Chronicle. 

In  originating  new  varieties  and  races,  see  what  has  alreadj'' 
been  done,  largely  in  our  own  country,  in  a  haphazard  way,  with 
strawberries,  raspberries,  blackberries,  goosebeii'ies,  and  grapes, 
to  say  nothing  of  improvements  in  ornamental  plants. 

I  need  hardly  add,  that  some  of  the  best  results,  considering 
the  means  and  time  employed,  have  been  obtained  by  persons  who 
have  crossed  and  hybridized  according  to  some  well-devised  plan. 

Our  varieties  of  fruits  in  cultivation  have  become  so  numerous, 
that  to  describe  them  by  the  fruit  and  foliage  alone  often  baffles 
the  skill  of  the  most  expert  poraologist.  In  the  proceedings  of  the 
American  Pomological  Society  for  1877,  1879,  and  1881,  I  have 
shown  that  much  help  can  be  obtained  by  noticing  the  peculiarities 
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of  the  flowers  of  apples  and  pears.  The  same  is  no  doubt  trae,  to 
some  extent,  with  grapes,  peaches,  gooseberries,  and  other  fruits. 

Here  is  a  promising  field,  full  of  interest  to  the  botanist, — afield 
where  lie  may  accomplish  much  to  aid  the  horticulturist,  and  some- 
thing to  advance  science.  A  new  variety  of  any  cultivated  fruit 
can  no  longer  be  considered  as  well  described,  unless  some  account 
be  made  of  the  flowers. 

It  has  often  been  shown  that  many  kinds  of  insects  are  benefi- 
cial to  plants  by  aiding  the  fertilization  of  the  flowers.  The  sub- 
ject has  still  about  it  much  that  is  new.  Even  Mr.  Darwin  said 
he  did  not  suppose  that  he  fully  understood  all  the  contrivances  for 
fertilization  in  any  one  flower. 

If  it  may  be  true,  as  my  experience  during  the  past  six  years 
help  to  indicate,  that  bumble-bees  aid  in  fertilizing  red  clover,  then 
farmers  should  try  and  encourage  these  interesting  insects,  even 
though  they  be  disagreeable  companions.  Bumble-bees  prefer  to 
raise  their  colonies  in  old  nests  of  meadow  mice.  I  mentioned  in 
my  last  report,  that  it  had  been  suggested  that  we  should  not  keep 
many  cats,  nor  allow  hawks,  foxes,  or  dogs  to  catch  these  mice ; 
for  they  make  nests  which  are  quite  necessary  for  the  bumble-bees, 
which  help  to  fertilize  our  red  clover,  and  thereby  largely  increase 
the  yield  of  seed. 

Perhaps  it  may  not  be  altogether  visionary  to  predict  that  men 
will  yet  engage  in  raising  bumble-bee  queens,  and  sell  them  to 
farmers  at  a  fair  profit,  for  starting  colonies  to  improve  the  yield 
of  clover-seed.  We  may  yet  have  conventions  and  societies  where 
the  leading  object  shall  be  to  discuss  the  merits  of  different  sorts 
of  bumble-bees. 

A  few  years  ago  experiment-stations  in  Europe  began  testing 
seeds  which  were  offered  for  sale  in  the  markets.  Adulterations 
were  discovered  most  ingenious  in  character,  harmful  in  eflect,  and 
remarkable  in  amount. 

The  more  the  subject  was  investigated,  the  worse  it  seemed  to 
be.  Something  of  the  same  sort  has  been  undertaken  in  this  coun* 
try,  showing  that  even  in  Michigan  some  worthless  seeds  are  put 
on  the  market.  In  1877  and  later  I  tested  large  numbers  of  vege- 
table-seeds purchased  of  fifteen  of  our  large  dealers  and  growers. 
Not  one  of  these  is  free  from  selling  seeds  that  are  worthless. 
The  remedy  is  not  easy.  On  account  of  its  effect  on  their  adver- 
tising, publishers  are  unwilling  to  print  for  their  readers  the  results 
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of  these  experiments.    Only  a  few  people  can  acquire  the  informa- 
tion after  experiments  are  made. 

In  making  tests  of  seeds,  we  still  lack  information  in  regard  to 
the  surest  aud  best  mode  of  testing  each  sort.  Here  is  a  good 
work  for  some  accurate  and  ingenious  scientist  to  invent  new  ap- 
paratus, learn  the  proper  amount  of  heat,  air,  and  moisture,  for 
producing  the  best  results,  find  out  whether  seeds  will  thrive  best 
with  a  constant  temperature,  or  a  variable  temperature  ;  and  learn 
the  best  modes  of  preserving  seeds  alive  from  one  3'ear  to  another. 

I  need  hardly  mention  to  intelligent  students,  that  there  is  an 
extensive  field,  a  very  attractive  one,  in  the  study  of  fungi.  The 
agriculturist,  who  deals  with  plants,  not  only  wants  to  know  the 
kinds,  but  the  requirements  which  are  favorable  or  unfavorable  to 
their  development.  In  the  study  of  effectual  remedies  against 
fungi,  something  has  been  done  ;  but  there  is  still  much  demand  for 
more  knowledge.  Successful  experiments  in  regard  to  fungi  are 
not  likely  to  be  made  except  by  botanists. 

I  have  only  glanced  at  a  few  points  where  the  biologist  can  find 
interesting  work  which  will  give  threefold  returns  by  advancing 
science,  helping  to  elevate  agriculture,  and  benefiting  our  country. 
There  are  many  experiment-stations  in  Europe,  and  some  in  this 
countr}'.  We  hope  their  number  may  soon  increase,  and  that  liberal 
and  permanent  endowments  will  not  be  lacking.  This  Association, 
and  all  other  societies  working  in  the  interest  of  science,  can  ren- 
der a  great  service  by  do.iug  what  they  can  to  encourage  experi- 
ments in  all  departments  of  agriculture.  Men  can  be  encouraged 
to  prepare  papers,  and  committees  can  make  reports  pertaining  to 
the  subject.  There  is  a  need  of  thorough  state  surveys,  solely 
with  a  view  to  the  interests  of  agriculture  and  kindred  subjects. 
More  knowledge  of  our  soils,  water,  building-materials,  plants, 
timber,  injurious  fungi,  insects,  and  birds,  would  return  to  a  state 
fivefold  the  cost  of  acquiring  such  information.  In  brief,  then,  as 
one  of  the  humble  workers  in  the  interests  of  agriculture,  I  most 
cordially  invite  you  to  turn  your  attention  to  some  of  the  problems 
which  vex  the  husbandman. 
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AGRICULTUBA.L   BoTAKT.      By  E.   Lewis    Stcrtevant  of  Gen- 
eva, N.  Y. 

[abstract.] 

If  kitchen  garden  plants  be  closely  studied  in  many  varieties, 
it  will  be  found  that  selection  has  differentiated  the  various  nat- 
ural species  in  accordance  with  desired  uses. 

It  will  be  noticed  that  while  there  is  a  striking  uniformity  within 
varieties  in  those  portions  of  the  plant  which  have  not  been  se- 
lected for  improvement,  there  is  a  great  variation  between  those 
portions  which  have  secured  attention  on  account  of  their  uses. 
Thus,  in  forty-five  varieties  of  onions  growing  side  by  side,  the 
foliage  is  all  similar,  yet  the  bulbs  vary  in  size,  color,  shape  and 
habit  of  formation.  The  twenty-two  varieties  of  carrots  present 
like  foliage,  yet  unlike  roots.  In  sixty  kinds  of  lettuce  a  likeness 
of  bloom  and  great  unlikeness  between  plants  while  of  edible 
size.  Among  sixty-six  kinds  of  tomato  a  sameness  of  bloom, 
certain  variations  in  foliage  and  growth  habit,  and  a  very  marked 
diversity  in  form  of  fruit  borne. 

It  follows  from  a  careful  observation  of  over  eleven  hundred 
named  varieties  of  kitchen  garden  plants,  that  two  series  of  varia- 
tions can  be  distinguished :  the  least  marked,  the  normal  varia- 
tions that  occur  between  the  parts  not  subjected  to  conscious 
selection  as  being  of  little  account  for  use ;  the  very  marked,  or 
artificial  variations  that  are  produced  by  conscious  selection  ex- 
erted upon  the  parts  which  are  valued  for  their  use,  and  which 
selection  has  been  exercised  most  stringently  upon  form. 

It  will  be  further  noticed  that  according  as  selection  for  the 
same  purpose  has  been  exercised  upon  the  various  parts  a  paral- 
lelism of  development  has  taken  place  between  plants  of  different 
species,  genera  and  orders.  This  parallelism  of  development  points 
to  a  nnity  of  arrangement  in  the  forces  by  which  the  correspond- 
ences are  produced. 

(293) 
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The  effect  of  selection  concentrated  upon  visible  forms  has  been 
to  produce  and  fix  changes  from  the  natural  plant  to  such  an  extent 
as  in  cases  to  mask  the  original  species  so  that  historical  data 
must  supplement  morphological  data  in  order  to  connect  the  gen- 
etic record.  Thus,  for  illustration,  there  at  first  seems  no  specific 
connection  between  certain  cultivated  kales,  cabbages  and  cauli- 
flowers, while  a  specific  connection  of  these  with  the  ruta-baga 
seems  uncertain.  It  is  only  as  these  forms  are  produced  through 
the  sowing  of  the  seeds  of  Brassica  oUracea  that  their  close  rela- 
tion becomes  manifested. 

In  the  case  of  some  long  cultivated  plants  the  original  prototype 
is  unknown,  and  can  be  sought  but  by  conjecture.  Such  is  the 
case  with  many  of  our  cereals,  with  lettuce,  etc. 

In  some  plants  selection  has  been  exerted  in  different  directions, 
as,  for  illustration,  with  the  beet,  whereby  the  root  beet  and  the 
leaf  beet  have  been  produced ;  the  celery  and  the  celeriac ;  the 
parsley  and  the  Hamburg  parsley ;  the  onion  and  the  top-onion, 
etc. 

It  is  clearly  evident  that  conscious  selection  is  a  powerful  agency 
for  the  changing  of  form,  and  by  long  exercise  can  overcome  the 
norm  or  type  affixed  by  nature  to  a  species.  The  direction  of  this 
change  and  its  consequences  are  determined  by  man  in  the  direc- 
tion toward  usefulness  to  him  as  distinct  from  nature's  intent 
toward  the  maintenance  of  the  species. 

We  hence  have  a  different  set  of  motives  governing  the  domes- 
ticated plant  than  those  which  govern  the  feral  plant. 

The  individuals  of  a  natural  species  cluster  about  a  common  type, 
held  in  place  by  a  natural  environment  reacting  with  the  force 
transmitted  by  heredity.  The  individuals  of  an  artificial  species 
(domesticated  variety)  cluster  about  a  common  type  formed 
and  continued  through  man's  agency  whereby  an  assisted  environ- 
ment reacts  upon  heredity  modified  by  selection  in  influencing 
plant  form. 

In  the  feral  plant  genetic  resemblance,  as  observed  or  inferred, 
furnishes  a  method  of  classification  in  accord  with  the  law  of  evo- 
lution as  expressing  harmonies  of  action  of  special  causes.  Through 
the  reaction  of  natural  heredity  with  natural  environment,  classes 
are  already  formed  for  us  and  but  await  our  discovery. 

In  the  domesticated  plant  the  power  of  intelligence  to  eliminate, 
modify  and  direct  the  action  of  natural  laws  under  a  given  purpose. 
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introdacesa  new  factor  to  inflaencc  plant  growth,  and  forms  de- 
signed for  nses  mask  genetic  resemblances  in  tbose  portions  of  the 
plant  where  change  means  value  to  man.  In  accordance  with  the  law 
of  evolution,  but  under  a  new  application,  form  becomes  paramount 
as  a  motive  over  genesis :  usefulness,  freed  from  the  motive  of  self- 
maintenance,  becomes  paramount  over  the  motive  of  continuance  of 
the  species.  Through  the  reaction  of  an  assisted  heredity  with  an 
ailificial  environment  including  conscious  selection,  in  artificial 
plants,  classes  are  also  already  formed  for  us,  and  but  await  our 
discovery. 

If,  in  nature,  classes  are  formed  through  considering  genetic  data 
as  paramount,  then  the  natural  system  is  in  force  for  classification. 
If,  under  art,  classes  are  formed  through  human  selection  based 
upon  form  as  paramount,  then  an  artificial  system  of  classifi- 
cation is  as  truly  scientific,  and  expresses  in  like  manner  as  true 
a  set  of  relations,  but  relations  of  a  different  character,  as  does 
the  natural  system.  In  a  scientific  artificial  arrangement  we  seize 
upon  a  quality  or  qualities  which  yield  us  information  as  to  the  mo- 
tive or  development  for  uses,  and  which  furnish  signs  of  natural 
laws  as  modified  and  influenced  by  man,  and  form  of  selected  parts 
furnishes  the  key ;  in  a  scientific  natural  arrangement  we  seize 
upon  a  quality  or  qualities  which,  through  equal  correlations  yield 
signs  of  natural  laws,  and  the  floral  organs,  as  indicative  of  the 
motive  of  the  wild  plant's  existence,  furnish  the  key. 

If  these  views  are  correctly  stated,  then  it  is  seen  that  an  Agri- 
cultural Botany  as  an  annex  to  the  Natural  Botany  is  imperatively 
required  for  the  purpose  of  furthering  classification  and  indentifi- 
cation  of  domesticated  plants,  and  such  an  annex  must  vary  in  its 
methods  as  widely  from  the  methods  of  the  natural  botany  as  cul- 
tivated plants  vary  from  feral  plants,  the  key  to  the  motive  being 
in  one  case  the  form  of  parts  in  use,  in  the  other  the  floral  organs. 


Influence  of  position  on  seed.    By  E.  Lewis   Stubtevant  of 

Geneva,  N.  Y. 

[abstract.] 

In  trials  carried  forward  at  the  New  York  Agricultural  Experi- 
ment Station  last  winter  it  was  found  that  for  an  average,  91  per 
cent  of  but  kernels,  88  per  cent  of  central  kernels  and  98  per  cent 
of  tip  kernels  of  flint  corn  germinated ;  while  for  dent  corns  70 
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per  cent  of  but  kernels,  56  per  cent  of  the  centres  and  60  per  cent 
of  the  tip  kernels  germinated.  Our  trials  were,  however,  all  too 
few  in  number  to  Justify  generalization  without  further  evidence  in 
the  field.  The  following  table  represents  the  result  of  planting 
8420  each  of  but,  central  and  tip  kernels,  the  three  kinds  taken  from 
the  same  ears,  and  representing  the  five  but,  five  central  and  five 
tip  kernels  of  each  row  of  the  Waushakum  Flint  corn. 

There  were  five  plats,  each  containing  three  rows  of  each  kind 
of  6ce<l :  38  hills  with  6  kernels  in  each,  or  228  kernels  to  a  row, 
or  684  kernels  of  a  kind  in  a  plat.  Planted  May  17,  v^etated 
May  28,  final  count  June  8. 


YXOBTATIOirS. 


Plat. 

Bttts. 

CeDtres. 

Tips. 

I.A.I 

MS 

608 

607 

I.  A.  8. 

Ul 

681 

680 

I.  A.  8. 

671 

680 

688 

LA.i. 

684 

674 

606 

I.  A.  6. 

617 

696 

665 

Totkl. 

2716 

2888 

2965 

Per  cent. 

79 

84 

86 

Comparing  these  figures  with  the  average  obtained  in  other  plats 
with  ordinary  seed  of  the  same  corn,  as  carefully  selected. 


Plat. 
£•  6. 
£.  7. 
D.  I. 
D.  2. 


2876  kernels  planted;  2019  veffetated,  or  85  per  cent. 

1188       "  "        ;  1006         "  "  84       " 

1128       "  •*        ;     790         ««  «  70       " 

1126       "  •*        ;      776         «*  "69       " 


In  a  field  trial  on  a  smaller  scale  in  1882,  70  per  cent  of  the 
but,  96  per  cent  of  the  central  and  97^  per  cent  of  the  tip  kernels 
vegetated.  For  the  crop,  calculating  the  merchantable  ears  to  the 
100  plants,  we  had. 


Merchantable  ears  yielded  per  100  plants, 

From  bnt  seed.    From  central  seed.    From  tip  seed. 


Unmanmed  plat. 
Manured  plat. 


110 
112 


73 
107 


130 
117 


Unmerchantable  ears  yielded  per  100  plants. 

From  but  seed.   From  central  seed.  From  tip  seed. 
Unmannred  plat.                            67                           26  80 

Manared  plat.  27  14  12 
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▲y.  length  of  merohaotable  eus.   Inches. 

From  bnt  seed.    From  central  eeed.  From  tip  teed. 
Unmannred  plat.                         7Ji7                        5.6S  8.13 

Hanored  plat.  e.64  7.10  7M 

Preliminary  trials  towards  establishing  the  limits  within  which 
our  figures  will  apply,  justify  the  conclusion  that  these  figures  ofier, 
viz  : — that  for  flint  corn  the  tip  kernels  have  the  stronger  vegeta- 
tive power.  It  is  part  of  the  station  work  to  establish  the  range 
within  which  variation  may  be  expected  to  occur  in  agricultural 
work,  or,  in  other  words,  to  definfe  the  limits  of  probable  error  in 
various  series  of  equivalent  events,  but  our  results  are  as  yet  not 
BuflSciently  advanced  to  ofiTer  to  the  public. 


Parallelism  of  Structdre  of  Maize  and   Sorqhuh  kernels. 
By  E.  Lewis  Sturtevant  of  Geneva,  N.  Y. 

If  kernels  of  flint,  pop,  sweet  and  Tuscarora  maize  be  split  par- 
allel to  the  germ,  each  race  will  be  seen  to  present  a  definite 
arrangement  of  structure.  Thus,  the  flint  corn  exhibits  a  germ 
surrounded  by  starchy  matter,  and  this  in  turn  by  a  corneous  en- 
velope ;  in  the  pop  corn  proper  the  germ  is  enclosed  in  the  corneous 
matter,  the  starchy  matter  being  absent,  except  as  the  pop  variety 
entrenches  upon  the  flints.  The  sweet  corn  has  a  similar  structure 
to  the  pop,  but  the  corneous  matter  is  translucent  and  wrinkled ; 
in  the  dents  the  corneous  matter  occupies  the  sides,  the  starchy 
matter  extending  through  to  the  summit,  and  including  the  germ ; 
in  the  Tuscarora  the  corneous  matter  is  entirely  absent,  and  only 
the  germ  and  the  starchy  matter  are  to  be  made  out. 

If  kernels  of  sorghum  be  split  in  like  manner,  a  similar  arrange- 
ment is  to  be  found.  Tiius,  the  seed  of  the  varieties  distributed 
under  the  name  of  "Dhourra,"  "African  Wheat,"  and  "Millo  Maize" 
correspond  to  the  flint  corn  type,  the  germ  surrounded  by  starchy 
matter,  and  this  in  turn  included  in  a  corneous  envelope.  In  "Rice 
Wheat"  we  find  the  pop  corn  type,  germ  and  corneous  matter,  no 
starchy  matter  being  visible.  In  "Neeazana"  we  have  a  structure 
modelled  upon  the  dent  corns,  and  in  "Chinese  Sugar  Cane,"  a 
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Btructare  mcxlellcd  after  the  Tuscarora,  or  starchy  matter  and  germ 
withoat  visible  corneous  matter. 

On  account  of  the  confusion  of  vernacular  names  it  seems  ud- 
necessar}*  to  introduce  further  examples,  although  an  examination 
of  some  thirty  or  forty  so-called  varieties  shows  that  this  observa- 
tion is  founded  npon  general  characters. 

In  the  case  of  the  maize  kernel  we  might  assume  that  these  diff- 
erences have  been  produced  by  consciuos  selection,  the  kernel  being 
the  ix>rtion  used,  and  the  various  races  being  fitted  for  uses  founded 
upon  the  structure.  In  the  case  of  the  sorghum,  however,  the  sap- 
position  would  scarcely  answer,  as  the  kernel  is  of  small  size,  and 
apparently  has  not  been  subjected  to  conscious  selection.  In  view 
of  this  parallelism  of  structure,  together  witli  the  probability  that  a 
like  selection  has  not  been  exercised  upon  both  species,  it  seems 
safe  to  infer  that  these  structural  differences  within  each  genus 
have  more  meaning  than  simple  variety  difiTerences,  and  that  the 
same  causes  have  been  at  work,  independent  of  man's  conscioos 
selection,  to  produce  the  races  which  in  Zea  and  Sorghum  have 
such  well-marked  and  allied  characteristics. 


Bblation  op  Root  and  Leaf  areas  in  Corn.     By  D.  P.  Pen- 
hallow  of  Montreal,  Canada. 

[ABSTRACT.] 

The  exact  determination  of  the  relation  between  tl>e  aerial  and 
subterranean  portions  of  a  plant  is  a  question  which  has  an  im- 
portant practical  bearing,  but  the  obvious  difficulties  in  the  way 
of  its  solution  have  apparently  deterred  olwervers  from  any  special 
eflfort  in  this  direction,  and  in  my  own  case  have  resulted  in  ren- 
dering many  attempts  fruitless.  Measurements  made  during  the 
summer  of  1882,  however,  have  given  us  figures  which  may  be 
considered  reasonably  accurate ;  they  are  therefore  given  here,  not 
as  fully  conclusive,  but  as  indicative  and  for  the  puri>ose  of  enlist- 
ins:  the  efforts  of  others  in  a  similar  direction,  for  a  law  which  can 
be  generally  applicable  in  this  case  will  only  be  secured  after 
repeated  trial  and  estimation.  The  plants  selected  for  the  pur- 
pose, were  those  of  the  white  flint  corn,  four  weeks  from  the  ground. 
They  were  obtained  without  .breakage  of  the  roots  by  diggmga 
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trench  parallel  with  the  row  and  Washing  out  by  means  of  a  hose. 
The  plants  were  then  taken  to  the  office  and  the  roots  carefully 
separated  from  each  other  under  a  strong  pump  stream.  The 
measurements  of  roots  and  leaves  of  the  same  plants  gave  the 
following  results. 


Stbk. 

ATorage  circamftrenee. 

S.05   CM. 

Length, 

18.00    CM. 

Total  area. 

04.00    8.  CM. 

Uunta, 

Whole  number, 

8 

Total  area  of  one  sarface, 

S81.07    S.CM. 

Total  area  of  both  Burfluses, 

7B3.U    S.CM. 

Total  area  of  Cranaplratloua 

817.04    S.C.M. 

Boots. 

Primary  root,  total  length. 

22    CM. 

Laterals  of  primary, 

With  branchee, 

Whole  number. 

78 

Total  length, 

610.90    CM. 

Average  length. 

<UU    CM. 

Branches. 

Whole  number, 

1859 

Total  length. 

8075.45    CM. 

Average  length. 

1.65    CM. 

Without  branches. 

Whole  number. 

S07 

Total  length. 

353.90    CM. 

Average  length. 

1.71    CM. 

Secondary  roots. 

With  kiterals. 

Total  length. 

247.00    CM. 

Laterals. 

Without  branches. 

Whole  number, 

1086 

Total  length. 

8138.84    CM. 

Average  length, 

2.89    CM. 

With  branches. 

Whole  number. 

18 

Total  length, 

95.68    CM. 

Average  length. 

8.6    C  M. 

Branches. 

Whole  number. 

181 

Total  length, 

85.6S    CM. 

Average  length, 

0.73    CM. 

Without  laterals. 

Whole  length, 

74.80   CM. 

Total  Length  or  Boot,        flU22  M. 

or  217.763  fbet 

DTAMmXRB. 

A      Primary  roots. 

Secondary  roots. 

0.123   CM. 

B      Laterals  of  primary  root. 

OiMS   CM. 

0      Branches  of  primary  laterals. 

Branches  of  secondary  laterals. 

1 

Laterals  of  seoondaries, 

0.086    CM. 

800  sscnoK  p. 

ClBCUMFIfB»TfCltli 


0.8864    CM. 
0.1507    CM. 


O  0Ji90  CM. 

ARBA8. 

A  132.844  CM. 

B  130.234  S.CM. 

G  004.047  S.CM. 


Total  Boot  Abba.  887JiS  S.  C  M. 

In  making  these  determinations,  each  root  and  fragment  was 
measured,  so  that  the  entii-e  length  passed  under  inspection.  The 
measurements  were  all  made  under  a  dissecting  glass.  The  leaves 
were  measured  by  dividing  them  up  into  a  number  of  trapezoids 
and  measuring  each  separately.  By  these  precautions  it  is  believed 
the  unavoidable  error  was  reduced  to  a  minimum.  It  is  proper  to 
mention  here  that  this  work  was  rendered  possible  onl}''  through 
the  hearty  cooperation  of  two  devoted  students,  Miss  Chapman 
and  Miss  Hatch.  The  error  remaining  in  the  figures  as  presented, 
arises  from  inaccuracy  in  leaf  measurement,  and  though  inconspi- 
cuous, would  have  a  tendency  to  make  the  results  a  trifle  too  small. 
The  error  in  estimation  of  the  roots  would  be  more  conspicuous, 
but  would  make  the  results  too  large.  In  view  of  these  facts,  it 
seems  highly  probable  that  the  root  and  leaf  areas  normally  ap- 
proach a  strict  equality.  If  such  be  the  case,  then  we  might  expect 
to  find  the  root  hairs,  or  organs  of  absorption,  equalling  in  func- 
tional power,  the  stomata  of  the  leaf  or  transpiratory  oi^ans. 
Numerous  attempts  to  determine  the  number  of  root  hairs  upon  a 
given  area  have  always  met  with  great  difficulties.  As  new  hairs 
are  constantly  being  formed  and  old  ones  as  rapidly  passing  away, 
or,  what  is  worse  for  our  purpose,  becoming  dead  but  still  persis- 
tent, it  is  quite  impossible  to  determine  Just  where  to  draw  the  line 
of  functional  activity  and  select  only  those  which  are  strictly 
equivalent  to  the  action  of  the  stomata  in  the  leaf. 

The  results  obtained,  however,  from  a  large  number  of  averages, 
showed  a  total  of  10561.00  per  S.  C.  M. 

As  a  result  of  estimation  by  three  separate  observers,  the  stom- 
ata were  found  to  be  for  the 

Upper  surface  of  the  leaf,  5411  per  S.  C.  M. 

Lower  surface,  6980  per  S.  C.  M. 

These  figures  were  obtained  from  a  very  large  number  of  aver- 
ages, and  may  be  considered  reasonably  correct,  since  the  extreme 
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percentage  error  for  the  three  observers  was  not  more  than  two 
and  one-half. 

Comparing  the  whole  number  of  stomata  for  both  surfaces  of 
the  leaf,  6195.5,  with  the  whole  number  of  root  hairs,  10561.00 
per  square  centimetre,  a  very  considerable  discrepancy  will  be 
found  in  favor  of  the  latter.     It  should  be  borne  in  mind,  however, 
that  while  it  is  comparatively  easy  to  determine  the  proportional 
part  of  a  stoma  which  occupies  a  given  square  of  the  micrometre, 
it  is  not  so  easy  to  determine  exactly  the  full  number  of  root  hairs 
ill  the  same  area,  and  thus  serious  error  is  sure  to  arise.     Again, 
the  determinations  were  made  upon  a  basis  of  1-10000  of  a  square 
centimetre,   hence  all  errors   are  multiplied  Just   10000  times. 
Therefore,  if  we  go  back  to  the  original  area  of  estimation,  we 
shall  have  for  the  stomata  0.61955,  and  for  the  root  hairs  1.0561 
per  1-10000  of  a  square  centimetre.     While  this  number  may  rep- 
resent an  approximation  to  the  true  ratio,  we  cannot  assert  with 
any  assurance  that  the  relation  is  at  all  well  defined  so  far  as  mere 
nambers  are  concerned.    The  size  of  a  stoma  is  subject  to  little 
or  no  variation  after  it  reaches  the  period  of  functional  activity, 
and  its  power  to  permit  the  transpiration  of  a  given  quantity  of 
water  is  controlled  only  by  the  continuation  of  its  vitality  and 
not  by  its  stage  of  growth.     In  the  root  hairs  we  have  organs 
which  are  performing  their  functions  during  the  entire  period  of 
an  active  growth.    New  hairs  are  constantly  arising  whera  old 
ones  are  becoming  useless,  and  thus  with  such  diverse  lengths, 
different  areas  may  represent  entirely  different  quantities  of  func- 
tional energy.     Moreover,  the  number  of  I'oot  hairs  to  a  given 
area  is  largely  controlled  and  modified  by  the  special  conditions 
of  growth,  while  the  same  is  not  true,  in  the  same  degree  at  least, 
of  the  transpiratory  organs.     Thus  in  time  of  drought,  the  roots 
develop  an  excess  of  root  hairs  to  supply  the  demands  of  the 
leaves  which  remain  more  nearly  constant.    At  such  times,  how- 
ever, we  do  not  find  an  increased  development  of  leaf  and  stomata, 
for  the  plant  already  has  too  many.     On  the  other  hand,  there  is  a 
strong  check  upon  their  further  development  and  thus  from  a  two- 
fold direction,  there  comes  in  a  strong  element  in  favor  of  a  dis- 
proportion between  the  special  organs  of  transpiration  and  those 
of  absorption.     Again,  from  the  fact  that  the  water  taken  up  by 
the  roots  is  partly  used  up  in  the  chemical  processes  of  the  plant, 
while  the  remainder  is  transpired,  it  follows  that  the  root  hairs 


802  SEcnoH  F. 

must  either  exoeed  the  stomata  in  numbers  or  in  size  and  fone- 
tional  energy. 

All  this  taken  into  consideration  would  lead  us  to  believe  that, 
while  under  wholly  normal  conditions  of  growth,  there  may  be  a 
more  or  less  definite  numerical  relation  between  root  hairs  and 
stomata  of  the  leaves,  under  ordinary  conditions  of  growth  this 
relation  is  more  strictly  dependent  upon  functional  considerations 
alone,  and  that  it  cannot  be  exactly  expressed  by  numbers. 
Whether  we  recognize  the  root  hairs  as  strictly  the  functional 
equivalents  of  the  stomata  or  not,  it  is  true  that  we  must  admit 
the  functional  equality  of  the  roots  and  leaves  as  a  whole.  An 
extension  of  this  thought  would  lead  us  to  see  that  these  organs 
are  equivalcuts  in  the  first  place  as  mere  areas  of  extension ;  in 
the  second  place  their  equality  functionally  depends  uix>n  (a)  their 
degree  of  specialization  and  (b)  the  necessity  for  specialization  of 
certain  parts.  As  a  matter  of  fact,  if  the  roots  absorb  at  all  as 
such,  this  power  is  confined  to  a  short  distance  near  the  tip  where 
growth  is  active  but  it  ceases  as  soon  as  the  epidermis  is  replaced 
by  a  corky  layer,  and  this  occurs  very  soon. 

If  the  leaves,  as  such,  perform  the  functions  of  transpiration, 
their  power  in  this  direction  is  very  largely  controlled  by  the  special 
conditions  of  growth  as  modifying  their  structure,  since  we  know 
that,  while  under  ordinary  circumstances,  the  epidermal  structure 
is  so  developed  as  to  permit  a  certain  amount  of  transpiration,  in 
many  cases,  as  in  cacti,  there  is  a  specialization  of  this  structore 
for  the  express  purpose  of  retarding  loss  of  moisture.  We  must 
consider,  therefore,  that,  primarily'  oi'gans  of  extension,  the  func- 
tional value  of  both  roots  and  leaves  must  depend  chiefly  upon  the 
degree  in  which  certain  parts  are  specialized,  and  this  we  mast 
look  for  in  ti)e  hairs  and  stomata.  As  we  have  seen,  moreover, 
that  roots  in  general  are  incapable  of  absorbing  moisture  beyond  a 
very  limited  extent,  while  leaves  and  all  green  parts  of  the  plant 
not  too  highly  cuticularizcd  may  partake  of  the  transpiratoiy 
function,  we  may  reasonably  assume  that  part  of  the  inequality 
shown  in  our  figures  may  be  accounted  for,  and  is  compensated 
for  in  this  way. 

In  the  absence  of  confirmatory  observations,  we  must  assume 
for  the  present,  that  these  indications  are  correct ;  that  nature 
maintains  a  constant  and  well  defined  relation  between  the  portions 
of  the  plant  exposed  to  the  air  and  that  covered  by  the  soil. 
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Careful  reflection  cannot  fail  to  show  the  disturbance  of  normal 
functions  which  must  invariably  follow  any  act  upon  the  part  of 
man,  by  which  this  relation  is  disturbed.  Applications  of  the 
principle  must  readily  suggest  themselves  to  the  intelligent  reader 
in  such  operations  as  transplanting  and  similar  processes  where  a 
portion  of  the  root  is  likely  to  be  removed. 


Origin  of  the  Flora  op  the  Central  New  York  Lake  Region. 
By  William  R.  Dudley  of  Ithaca,  N.  Y. 


An  Abnormal  Orchid.    By  William  R.  Dudley  of  Ithaca,  N.  Y. 

[AB8TBACT.] 

Two  years  since  the  writer  found  some  thirty  specimens  of  Ha- 
benaria  hyperborea  growing  in  dry  ground  under  beech  trees,  all  the 
flowers  of  which  were  destitute  of  spurs ;  and  in  all  cases  the  label- 
lum  was  so  changed  in  form  as  to  resemble  the  labellum  of  Habe- 
fiaria  dilcUata  the  nearest  congener  of  H.  hyperborea.  It  will  be 
seen  from  the  drawings  accompanying  this  paper  as  read,  and  from 
the  specimens  themselves,  that  it  is  not  a  case  of  ordinary  ^^  peloria." 

The  condition  of  peloria  is  excellently  illustrated  by  drawings  of 
an  abnormal  H.  tridentcuta  which  accompany  this  paper,  as  read. 

This  case  of  H.  hyperborea  comes  under  no  one  recognized  class 
of  teratological  variations,  but  is  evidently  caused  by  an  arrest  of 
development ;  and  if  we  may  suppose  the  general  law  to  hold  that 
variations  produced  by  thus  cause  usually  show  a  more  primitive 
form  of  the  species,  then  this  variation  of  the  lip  or  labellum  toward 
jET.  dilatata  indicates  the  latter  species  to  be  the  older  species  or 
a  more  primitive  type,  while  //.  hyperborea  may  have  originated 
from  it.  The  absence  of  the  spur  would  seem  to  point  to  the  con- 
clusion that  it  was  one  of  the  latest  modifications  of  the  Habenaria 
flowers,  the  one  most  easily  lost  in  any  unusual  strain  upon  the 
plant's  resources. 
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Note  on  the  Pbesent  Condition  of  the  Box  Hucklbbebst,  Vao- 
ciNiUM  BsACHYCERUM  McBx.,  IN  Perrt  Cocntt,  Pa.  By  E.  W. 
Clatpole  of  AkroD,  Ohio. 

[▲B8TBACT.] 

MiCHAUx  described  a  species  of  Huckleberry  from  Virginia  nnder 
the  name  of  Vaccinium  brachycerum.  This  plant  caoDot  now  be 
found  in  either  of  the  two  habitats  mentioned  by  that  author.  It 
IS  possibly  extinct.     Its  chief  habitat  now  is  in  Perry  County,  Pa. 

The  plant  occurs  on  a  hill  side  comi>osed  of  the  Chemung  shale 
near  New  Bloomfield.  It  is  very  abundant  on  this  8[x>t  but  its 
range  is  very  small  and  remarkably  restricted.  It  docs  not  cover 
more  than  about  ten  acres  of  ground  in  a  piece  of  woodland,  but  the 
causes  which  determine  its  limitation  are  not  casilj^  seen.  In 
one  direction  it  grows  down  to  a  small  nin  forming  a  perfect  mat  to 
the  water's  edge  and  on  the  other  si  de  only  two  3'ards  away  not  a 
plant  can  be  seen.  In  the  wood  also  it  is  [x>ssible  to  walk  with 
one  foot  buried  in  a  mass  of  this  plant  and  the  other  where  not  a 
specimen  is  growing.  The  line  of  its  growth  is  marked  almost  as 
plainly  as  if  by  an  invisible  fence  which  it  does  not  pass. 

This  pretty  little  huckleberry  is  hovering  as  it  were  on  the  very 
verge  of  extinction.  Tlie  clearing  of  the  few  acres  on  which  it 
grows  and  ploughing  for  one  or  two  seasons  would  totally  eradicate 
it  and  I  know  of  no  other  place  in  the  county  where  it  occurs.  I 
have  heard  that  it  is  to  be  found  on  a  neighboring  hill  but  hare 
not  found  it. 

Tlie  fruit  which  is  now  ripe  is  edible  but  possesses  less  flavor 
than  the  other  huckleberries.  In  appearance  it  most  resembles 
the  low  bluebeiTy  being  covered  with  a  bloom.  It  is  worthy  of 
notice  that  it  does  not  fruit  freely.  This  3'ear  when  the  crop  of 
other  huckleberries  is  unusually  large  the  berries  of  this  species 
are  scattered  singly  and  sparingly  over  the  plants.  Possibly  we 
have  here  one  cause  of  its  diminution.  It  flowered  very  abun- 
dantly. 

The  plant  grows  from  six  to  ten  inches  high,  is  evergreen,  bat 
turns  red  in  the  winter. 

The  only  other  locality  for  It  known  to  me  is  on  the  bank  of  In- 
dian River  about  tidewater,  in  Newcastle  Co.,  Delaware,  where  it 
has  been  found  by  Mr.  Commons,  who  has  kindly  sent  me  speci- 
mens exactly  resembling  those  of  Perry  Co. 
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A  Supposed  Poisonous  Seaweed  in  the  Lakes  or  Minnesota. 
By  J.  C.  Arthur  of  Charles  City,  Iowa. 

[ABSTRACT.] 

This  paper  gave  the  incidents  which  led  to  the  apprehension  of 
a  certain  alga  of  Minnesota  lakes  as  the  cause  of  considerable 
mortality  among  domestic  animals.     In  July  of  1882  several 
cows  and  young  cattle,  and  a  small  number  of  horses  and  hogs 
died  at  Waterville,  a  small  place  about  sixty-five  miles  south  of 
Minneapolis,  in  such  a  manner  that  the  probable  cause  was  traced 
to  the  water  they  drank,  which  in  every  instance  was  that  of  the 
lakes  in  the  vicinity.    These  lakes  are  of  various  sizes,  Lake  Te- 
tonka,  the  largest,  covering  a  little  over  two  square  miles,  and  are 
in  no  way  peculiar  except  in  being  connected  and  drained  by  a 
small  sluggish  river.    The  water  of  the  lakes  and  river  at  the  time 
of  the  trouble  was  green  with  a  small  floating  alga,  which  pervaded 
the  water  and  formed  a  scum  on  the  surface  that  the  wind  collected 
into  masses  along  the  shores.    The  alga  proved  to  be  the  same  as 
one  described  by  Dr.  Cohn  of  Germany  under  the  name  of  Mivti- 
lairia  Jluitans,    The  synonymy  of  the  species  has  not  yet  been 
traced,  and  it  may  have  been  described  under  an  earlier  name. 
The  Waterville  plant,  also  detected  during  the  present  session  in 
Lake  Minnetonka,  consists  of  little  balls  of  the  uniform  size  of 
mustard  seed,  of  a  dark  olive-green  color,  turning  reddish-brown 
when  dead,  which,  contrary  to  the  usual  habit  of  members  of  the 
genus  Rivularia^  float  free.    The  minute  anatomy  has  been  given 
elsewhere,  and  it  is  rather  the  design  of  this  paper  to  call  attention 
to  the  plant's  supposed  poisonous  qualities.     In  both  1882  and 
the  present  year,  by  the  time  the  spot  could  be  reached  after  noti- 
fication that  the  plants  had  attained  their  maximum  abundance, 
the  danger  was  passed,  through  the  almost  total  disappearance  of 
the  alga,  and  in  consequence  no  experiments  could  be  undertaken. 
The  history  of  the  circumstances,  elsewhere  given  in  detail,  shows 
that  while  the  evidence  of  poisonous  qualities  in  this  plant  is 
purely  presumptive,  it  is  seemingly  well  founded.     The  observa- 
tions thus  far  have  been  under  the  direction  of  the  Department  of 
Agriculture  of  the  University  of  Minnesota,  and  are  to  be  con- 
tinued. 

A.  A.  A.  B.,  VOL.  XZXn.  20 
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Relations  of  cbrtain  forks  of  Algjs  to  disagree  able  Tastes 
AND  Odors.    By  W.  G.  Farlow  of  Cambridge,  Mass. 

[ABSXaAOT.] 

Although  large  masses  of  any  decaying  vegetation  may  render 
water  unfit  for  drinking,  the  only  group  of  plants  to  be  feared,  as 
far  as  their  effect  on  the  taste  and  odor  is  concerned,  is  the  mem- 
bers of  the  nostoc  family,  which  form  floating  scams  of  a  bluish- 
green  color.  When  exposed  to  a  bright  sun,  especially  in  shallow 
water,  they  are  transformed  into  foetid,  repulsive-looking  masses  of 
slime,  which  give  to  the  water  the  so-called  pig-pen  odor.  The 
water-supplies  of  several  eastern  cities  have  been  thus  contami- 
nated, and  principally  by  species  of  CcBlosphxrium,  Clathrocystis, 
and  Anabsena.  In  Minnesota  is  the  representative  of  a  fourth 
genus,  Rivulai'ia,  which  was  first  found  last  year  at  Waterville  by 
Professor  Arthur,  and  which  has  been  found  to  be  very  abundant 
this  year  in  Lake  Minnetonka ;  and  in  all  probability  it  occurs  in 
most  of  the  other  lakes  of  this  region.  The  singular  fact  is,  that 
while  unknown  elsewhere  in  this  country,  the  species  was  found 
several  years  ago  by  Cohn  in  Silesia,  who  named  it  Rivftlariajlui' 
tMis;  and  it  was  detected  also  by  Gobi  near  the  Gulf  of  Riga.  It 
appears  also  to  be  very  closely'  i*elated  to,  if  not  identical  with,  an 
alga  abundant  in  certain  parts  of  England,  referred  by  Hai-vey  and 
more  recently  by  Philips  to  Echinella  articulata  Ag.  This  is  an- 
other illustration  of  the  very  wide  distribution  of  the  species  of  the 
nostoc  family,  of  which  we  have  other  recent  illustrations  in  tbc 
Nostoclwpsis  lobatua  of  Wood,  first  described  from  the  northern 
states,  but  which  has  since  been  found  to  be  identical  with  Maiea 
rivuIaHoides  subsequently  discovered  in  Brazil ;  and  again  in  ffor- 
madia  Quoyi  which  is  found  only  at  Falmouth,  Mass.,  and  the  Mari- 
anne islands  in  the  Pacific. 

There  is  a  strong  probability  that,  in  the  future,  Minneapolis  may 
be  troubled  by  the  decay  of  the  difierent  nostocs  floating  in  the 
lakes  near  the  city,  where  they  are  very  abundant.  As  far  as  avoid- 
ing trouble  from  these  plants  is  concerned,  undoubtedly  river-water 
is  to  be  preferred  to  lake- water ;  but  before  many  years  the  Mis- 
sissippi  near  Minneapolis  will  be  contaminated  by  sewage,  and  the 
water  will  probably  then  be  obtained  from  the  lakes.  If  the  8h.il- 
lower  lakes  near  the  city  are  used,  there  can  be  little  doubt  that  in 
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snmmer  Minneapolis  will  have  the  same  trouble  as  that  experienced 
in  Boston.  Even  at  greater  expense,  the  water  shoald  be  brought 
from  large  and  deep  lakes,  especially  those  across  which  the  winds 
sweep  so  as  to  keep  the  surface-water  roughened. 


Ths  Spread  of  Epidemic  Diseases  in  Plants.    By  W.  G.  Fablow 
of  Cambridge,  Mass. 

[▲B8TRAGT.] 

In  the  case  of  animals  it  can  be  said,  that,  excepting  the  diseases 
attributed  to  bacteria,  they  are  subject  to  but  few  diseases  caused 
by  fungi.  In  the  case  of  plants,  however,  the  greater  part  of  the 
diseases  to  which  they  are  subject  are  caused  by  parasitic  fungi ; 
excepting,  of  course,  the  injuries  caused  b}^  insects,  which  need 
hardly  be  considered  in  speaking  of  epidemic  diseases.  Most  of 
the  violent  epidemic  diseases  of  plants  are  caused  by  fungi  of  the 
orders  Uredinefle,  rusts,  and  Peronosporeae,  rots.  Fortunately,  the 
species  of  these  orders  attack  only  a  single  species  of  host,  or  at 
most  several  species  closely  related  botanically ;  so  that,  for  in- 
stance, a  rot  which  would  attack  the  potato  would  not  probably 
attack  the  grape,  although  it  might  be  expected  to  attack  the  to- 
mato, which  is  botanically  closely  allied  to  the  potato.  As  might 
be  expected,  the  most  violent  epidemics  occur  during,  or  just  after, 
unusually  wet  periods.  An  epidemic  disease  spreads  either  by  the 
dispersion  of  its  spores  through  the  air,  or  by  the  transportation 
of  the  host-plant  on  which  it  is  growing ;  the  latter  being  probably 
the  means  by  which  diseases  are  carried  across  large  bodies  of 
water,  as  the  Atlantic. 

With  the  introduction  of  food-plants  from  Europe  to  this  coun- 
try come,  of  course,  many  of  their  parasitic  diseases.  It  should 
be  noted,  however,  that  the  most  violent  plant-epidemics  of  recent 
times  have  advanced  not  from  east  to  west,  but  from  west  to  east. 
The  best  known  case  is  that  of  the  potato  rot  in  1845,  and  since 
then  the  very  accurately  recorded  case  of  the  grape-mildew,  Pero* 
nospora  vUicola^  has  arisen.  In  the  first  case,  the  disease  is  sup- 
posed to  have  reached  Europe  from  the  west  coast  of  South  America, 
by  way  of  the  United  States.     In  the  latter  case,  the  grape-mould. 
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irhich  is  a  native  of  North  America,  can,  as  I  showed  by  experi- 
ments in  1876,  be  transferred  to  the  European  vine;  and  it  was 
prophesied  that  the  disease  would  extend  to  Europe  and  do  more 
harm  than  with  us.  The  prophecy  was  very  soon  fulfilled,  as  you 
all  know.  In  the  two  diseases  just  mentioned,  it  is  a  characteristic 
of  the  spores  that,  in  germinating,  instead  of  giving  off  a  filament, 
they  discharge  a  number  of  motile  zo5spores,  each  of  which  is  ca- 
pable of  propagating  the  disease.  We  have  several  other  species 
of  Peronospora,  which  produce  zoospores,  some  of  which  have  ap- 
parently crossed  from  America  to  Europe ;  and  there  are  others 
which,  although  common  in  this  country,  have  not  yet  appeared  in 
Europe,  although,  following  the  grape-mould,  they  may  be  expected 
to  appear  there  hereafter.  Among  these  may  be  mentioned  Pem- 
no8pora  Halatedii^  which  grows  on  composites,  and  may  later  be 
found  in  Europe  on  the  Jerusalem  artichoke.  Professor  Trelease 
has  recently  found  a  Peronospora  on  Sicyos  in  Wisconsin,  which 
resembles  the  grape-mould  in  general  appearance.  The  germina- 
tion of  the  spores  has  not  yet  been  observed,  but  judging  by  anal- 
ogy one  would  expect  them  to  produce  zoospores.  It  would  not 
be  surprising  if  the  Peronospora  on  Sicyos  should  also  be  found 
hereafter  causing  a  disease  of  squashes  or  melons ;  and  its  pn^ress 
eastward  might  be  expected  as  in  the  cases  previously  cited. 

Reference  was  made  to  a  modification  of  the  spores  sometimes 
observed  in  Peronospora.  Mr.  Earle  of  Cobden,  111.,  collected 
species  on  Geranium  and  Viola,  where,  instead  of  the  usual  branch- 
ing spore-stalks,  the  spores  were  borne  on  the  mycelium  close  to 
the  breathing-pores ;  the  spores  themselves  being  very  much  larger 
than  in  the  common  form.  A  similar  monstrosity  has  been  noted 
by  Cornu  in  the  grape-mould.  The  specimens  were  collected  by 
Mr.  Earle  in  April,  and  the  speaker  suggested  that  this  form  of 
spores  might  perhaps  be  an  adaptation  to  the  cold  and  wet  weather 
of  spring.  The  conditions  which  produce  the  monstrous  forms 
are  worth  considering  by  collectors. 

Of  the  diseases  caused  by  UredineaB  which  have  advanced  from 
west  to  east,  the  hollyhock-disease,  Puccinia  mcUvcuxarum^  is  tbe 
best-known  instance.  Its  original  home  was  probably  Chili ;  bat 
it  spread  through  Europe  about  ten  years  ago,  not,  however,  by  way 
of  this  country,  as  was  probably  the  case  with  the  potato-rot.  The 
diseases  produced  by  fungi  of  other  orders,  as  Ascomycetes,  do 
not  spread  with  the  same  rapidity  as  the  rusts  and  rots.    This  is 
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shown  by  the  black  knot,  which  is  so  destractive  in  this  coantry  to 
plums  and  some  kinds  of  cherries.  It  is  a  native  of  this  country, 
and  is  found  on  most  of  our  wild  species  of  Prunus,  especially  the 
ohoke-cherry,  a  shrub  which  has  been  introduced  into  many  places 
in  Europe.  As  yet,  however,  the  black  knot  has  not  made  its  ap- 
pearance in  Europe. 

The  speaker  theu  said  he  had  just  found  the  grape-mildew  grow- 
ing on  the  Virginia  creeper  {Ampelopsia  guinquefolia)  near  Min- 
neapolis. As  this  plant  is  closely  related  to  the  vine,  the  occurrence 
of  the  mildew  might  have  been  expected.  In  attempting  to  pre- 
vent the  spread  of  the  disease  to  countries  where  it  is  unknown, 
the  discover}'  ib  of  importance.  It  is  evident,  that,  to  prevent  the 
spread  of  the  disease,  the  importation  of  Ampelopsis  as  well  as  of 
grape-vines  must  be  prohibited. 


Leaves  op  the  GRAMiNEiE  with   Closed  Sheaths.    By  W.  J. 
Beal  of  Lansing,  Mich. 

[AB8TRAGT.1 

Authors  speak  of  the  leaves  of  Cyperacese  as  having  closed 
sheaths,  while  those  of  the  Graminese  have  open  sheaths.  It  is 
true,  at  even  a  very  early  stage,  that  many  of  the  leaves  of  the 
Gramineae  have  open  sheaths,  but  all  of  our  common  grasses,  so 
far  as  examined,  have  one  or  more  of  the  lower  sheaths  closed. 
In  many  cases  these  lower  sheaths  are  split  or  torn  open  as  the 
stem  and  succeeding  leaves  enlarge.  The  same  is  true  of  the 
lower  leaves  of  the  branches.  Some  twenty  species  of  grasses, 
mostly  natives  of  North  America,  have  been  examined. 

In  case  of  ArrJienatJierum  avenacetim^  three  or  more  of  the  lower 
leaves  have  closed  sheaths  while  there  are  are  five  or  more  in 
Dactylis  glomerata.  Species  have  been  examined  belonging  to 
Alopecurus,  Phleum,  Poa,  Festuca,  Horedum,  Colamagrostis,  Lo- 
liam,  Setaria,  Panicum,  Secale,  Avena,  Eragrostis,  Sporobolus. 
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DlBYKLOPMBNT  OP  A  DANDELION  FLO¥rEB.      Bj  JoHN  M.   Ck>tLlEB 

of  Crawfordsville,  Indiana. 

[ABSTRACT.] 

The  paper  gives,  as  a  result  of  personal  investigation,  testimonj 
upon  which  are  based  the  following  conclusions  in  respect  to  this 
species. 

1.  The  inferior  ovary  is  produced  by  an  arrest  in  the  develop- 
ment of  the  floral  axis,  the  rising  in  a  peripheral  ring  of  the  floral 
organs,  and  the  gradual  arching  over  of  the  cavity  thus  produced 
by  two  carpellary  leaves. 

2.  The  syngenesious  anthers  are  united  by  contact  and  pres- 
sure, but  in  no  sense  structurally. 

3.  The  ovule  is  not  produced  directly  from  the  axis,  but  is  an 
outgrowth  from  the  surface  (probably  the  midrib)  of  a  carpellaiy 
leaf. 


A  Fact  bearing  upon  the  Evolution  of  the  Genus  Ctpripediux. 
By  E.  S.  Bastin  of  Chicago,  111. 

[abstract.] 

In  June  1881,  while  botanizing  at  the  southern  end  of  Lake  Mich 
igan,  I  found  a  specimen  of  Cypripedium  spectabUe  that  was  pecu- 
liarly interesting.  I  described  and  figured  it  at  the  time  in  *'  The 
Druggist, "  but  it  seems  to  me  to  be  of  so  much  significance  in  con- 
nection with  the  evolution  of  the  Orchidacese  in  general  and  of 
Cypripedium  in  particular  that  I  have  thought  best  to  bring  it  to 
the  attention  of  this  Association.  The  monstrosity  to  which  I  al- 
lude was  an  almost  regular  flower  growing  on  the  same  stem  with 
one  of  the  ordinary  form.  In  the  usual  form,  the  calyx  consists  of 
two  whitish,  broadly  oval,  obtuse,  or  scarcely  pointed  sepals,  the 
lower  one  evidently  composed  of  two  united  pieces.  The  corolla 
consists  of  two  lateral  white  petals  about  as  long  as  the  sepals,  but 
narrower.  The  lip  occupies  the  position  of  the  third  petal  and  is 
a  large  and  sac-like  organ,  often  two  inches  long,  pinkish,  except 
on  the  posterior  under  portion,  and  decidedly  pink  on  the  anterior 
up[)cr  portion.     The   sides  of  the  oblong  aperture  of  the  lip  are 
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provided  on  either  side  with  an  ear-like  infolding.  The  gynandrous 
stamens  are  two  in  number  and  lateral,  opposite  the  petals.  The 
anthers  face  backward  toward  the  column,  which  is  declined.  Oc- 
cupying the  upper  part  of  the  column,  in  nearly  the  position  of  the 
third  stamen,  is  a  large  dllated-triangular,  somewhat  petal-like 
body  which  curves  downward  toward  the  interior  of  the  lip  and 
covers  the  stigma  and  stamens.  The  style  is  bent  downward  at 
right  angles  to  the  column  and  is  about  two-thirds  as  long.  The 
stigma  is  dilated-triangular,  obscurely  and  unequally  three-lobed, 
facing  toward  the  interior  of  the  lip,  and  is  not  seen  until  the  lat- 
ter oi^an  is  bent  downward,  owing  to  the  fact  that  it  is  covered 
by  the  broad  rudimentary  stamen.  The  ovary  is  inferior,  six-ribbed, 
somewhat  curved  and  twisted  and  one-celled  with  parietal  placentae. 

The  monstrous  form  which  I  found  differed  from  this  in  possess- 
ing three  broadly  lanceolate  sepals  all  alike  and  not  at  all  united.  It 
bad  no  lip,  but  three  regularly  formed  pure  white  petals  all  of  the  same 
size  and  shape,  as  long  as,  but  somewhat  narrower  than,  the  sepals 
and  alternating  with  them.  Representing  the  first  staminal  whorl 
were  two  instead  of  one  fleshy  dilated  triangular  bodies  occupying 
the  normal  position,  t.  e.,  alternating  with  the  petals.  They  re- 
sembled in  thickness  and  in  general  shape  the  one  in  the  normal 
flower  and  were  also  spotted  like  it,  but  were  somewhat  smaller 
and  not  bent  but  erect  or  nearly  so.  The  second  staminal  whorl 
consisted  of  three  fully  developed  stamens  inserted  on  the  column 
opposite  the  petals  and  closely  resembling  those  of  the  normal 
flower  in  structure,  except  that  coalescence  with  the  style  was  less 
complete,  and  the  connective,  or  projection  at  the  back  of  the  an- 
ther, was  rather  more  conspicuous.  The  stigma  was  nearly 
equally  and  deeply  three-lobed,  the  lobes  alternating  with  the  sta- 
mens. The  column  was  but  slightly  bent,  the  ovary  scarcely 
twisted  and  the  flower  was  nearly  erect.  It  will  be  observed  that  here, 
in  a  genus  of  plants  affording  some  of  the  most  strikingly  irregular 
flowers  in  the  vegetable  kingdom,  was  a  flower  all  but  regular, 
and  unsymmetrical  only  with  respect  of  one  thing,  viz. :  in  not 
possessing  even  a  vestige  of  the  third  stamen  of  the  first  staminal 
whorl. 

If  the  specimen  is  to  be  regarded  (aa  undoubtedly  it  should  be) 
as  an  instance  of  atavism  or  reversion  to  an  ancestral  type,  we 
have  here  a  striking  confirmation  of  the  view  botanists  have  reached 
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of  the  typical  structare  of  the  flower  of  a  moDOCotyledon,  tiz.  : 
that  it  is  a  trimeroas,  regalar  and  symmetrical  flower  possessing 
five  whorls  of  floral  organs.  It  tends  also  to  establish  the  concla* 
sion  already  reached  by  Robert  Brown  and  other  able  botanists 
that  the  large  dilated-triangnlar  organ  of  the  ordinary  flower  is  the 
rudiment  of  a  stamen  belonging  to  the  first  staminal  whorl,  a  yiew, 
which  plausible  as  it  seems  on  theoretical  grounds,  has  neverthe- 
less had  but  few  facts  for  its  support.  No  doubt  the  organ  origin- 
ated by  the  disappearance  of  the  anther  and  the  broadening  and 
thickening  of  the  filament  and  its  extension,  the  connective.  In 
fact,  in  the  monstrosity  under  consideration  the  fertile  stamens 
were  when  viewed  from  the  back,  very  much  like  miniatui-es  of  the 
two  rudiments  of  the  outer  whorl. 

But  the  study  of  this  monstrosity  seems  to  throw  some  light  also 
on  the  nature  and  origin  of  the  lip  of  Cypripedium,  and  hence,  by 
inference  also,  of  that  of  other  Orchidaceie.  Mr.  Darwin,  from  a  study 
of  the  arrangement  of  the  spiral  vessels  in  the  lip  of  Cypripedium  has 
reached  the  conclusion  that  this  organ  is  a  compound  one,  made  np 
of  the  lower  petal,  two  stamens  of  the  outer,  and  one  of  t^e  inner 
whorl.  This  view  would  seem  a  very  plausible  one  indeed  aside 
fvom  the  evidence  furnished  by  the  grouping  of  the  spiral  vessels, 
for  it  accounts  at  once  for  the  disappearance  of  parts,  for  the  enor« 
mous  development  of  the  lip,  and  for  the  two  curious  earlike  infold« 
ings  of  the  upper  margin.  But  if  this  monstrosity  truly  represents 
a  stage  in  the  development  of  Cypripedium,  I  do  not  see  how  thte 
view  can  be  maintained,  for  one  stamen  of  the  outer  whorl  had  en* 
tirely  disappeared  and  no  trace  was  left  behind,  or  any  evidence 
from  a  difference  in  the  size  or  thickness  or  venation  of  the  petali 
that  it  had  coalesced  with  one  of  them. 

Then  also  if  Mr.  Darwin's  view  were  the  correct  one,  that  the  two 
stamens  of  the  outer  whorl  had  gone  to  form  the  outer  part  of  the  lip 
and  the  earlike  infoldings,  they  would  both  have  disappeared  or 
coalesced  with  the  third  petal  at  the  same  time,  but  this  specimen 
indicates  that  they  disappeared  one  at  a  time.  We  must  conclude, 
then,  that  the  lip,  if  a  compound  organ  at  all,  is  made  np  merely  of 
the  lower  petal  united  to  the  stamen  of  the  inner  whorl  that  wonld 
normally  come  opposite  to  it,  and  Dr.  Criiger  is  right  in  denying 
that  tlie  homologies  of  the  parts  of  flowers  may  safely  be  deduced 
from  the  course  and  grouping  of  the  spiral  vessels. 
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The  Position  of  the  CoicposiTiB  in  tue  Natural  Ststem.    By 
Jos.  F.  James  of  Cincinnati,  Ohio. 

[abstract.!] 

An  examination  of  the  strncture  of  the  flowers  of  the  Compositae, 
with  a  suggestion  that  the  Gamopetalse  should  be  considered  as  of 
a  higher  type  than  the  Polypetalse ;  and  that  the  Composit®  should 
be  placed  at  the  head  of  the  vegetable  kingdom. 


Periodicitt  of  Sabbatia  angularis.    By  Mart  E.  Murtfeldt 
of  Kirkwood,  Mo. 


m 

On  the  Trituberculate  Ttpe  of  Molar  Tooth  in  the  Makmaua. 
By  E.  D.  Cope  of  Philadelphia,  Pa. 

[ABSTRACT.] 

It  is  now  apparent  that  the  type  of  superior  molar  tooth  which 
predominated  during  the  Puerco  epoch  was  triangular  or  trituber- 
cnlar ;  that  is,  with  one  internal  and  two  external,  tubercles.^  Thus 
of  sixty-seven  species  of  placental  Mammalia  of  which  the  super- 
ior molars  are  known,  all  but  four  have  three  tubercles  of  the 
crown,  and  of  the  remaining  sixty-three  all  are  triangular  excepting 
those  of  three  species  of  Periptycbus,  and  one  of  Ectoconus,  which 
have  a  small  supplementary  lobe  on  each  side  of  the  median  prin- 
cipal inner  tubercle. 

This  fact  is  important  as  indicating  the  mode  of  development 
of  the  various  types  of  superior  molar  teeth,  on  which  we  have  not 
heretofore  had  clear  light.  In  the  first  place  this  type  of  molar 
exists  to-day  only  in  the  insectivorous  and  carnivorous  Marsupia- 
lia ;  in  the  Creodonta,  and  the  tubercular  molars  of  such  Camivora 
as  possess  them  (excepting  the  plantigrades).  In  the  Ungulates 
its  persistence  is  to  be  found  in  the  molars  of  the  Coryphodontidse 

>  Tbe  pftper  is  printed  in  ftUl  In  the  American  NaturaliBt  for  Deoember,  1883. 
*See  American  Naturalist,  April,  1883,  page  407. 
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of  the  Wasatch,  and  Diuooerata  of  the  Bridger  Eocenes.    In  later 
epochs  it  is  occasionally  seen  only  in  the  last  superior  molar. 

It  is  also  evident  that  the  quadritabercular  molar  is  derived  from 
the  tritubercular  by  the  addition  of  a  lobe  of  the  inner  part  of  a 
clngulum  of  the  posterior  base  of  the  crown.  Transitional  states 
are  seen  in  some  of  the  Periptychidse  {AniioJicJius)  and  in  the  sec- 
torials of  the  Procyonidse. 

The  tritubercular  or  triangular  superior  molar  is  associated  with 
a  corresponding  form  of  the  anterior  part  of  the  inferior  molar. 
This  kind  of  inferior  molar  I  have  called  the  ^^tubereular  sectorial,"' 
and  is  very  variable  as  to  the  degree  of  development  of  the  sectorial 
cutting  edge.  The  anterior  triangle  is  formed  by  the  connection 
by  ridge  or  ci*est,  of  the  median  and  anterior  internal  cusps  with 
the  anterior  external.  Its  primitive  form  is  seen  in  Didelphys, 
Pelycodus,  Pantolambda  and  the  Amblypoda  generally ;  in  Cen- 
tetes  and  Talpa;  and  in  its  sectorial  form,  in  Stypolophus  and 
Oxyaena,  etc. 

The  mechanical  action  of  such  teeth  is  as  follows.  Of  coarse  it 
results  fVom  the  form  of  the  superior  molars  that  the  spaces  be- 
tween them  are  wedge  shaped,  the  apex  external,  the  base  opening 
to  the  palate.  The  base  of  the  triangular  section  of  the  anterior 
part  of  the  inferior  molar  is  interior,  and  the  ai)ex  exterior ;  and 
when  the  jaws  are  closed,  this  triangular  prism  exactly  fits  the 
space  between  the  superior  molars.  The  lower  heel  of  the  inferior 
molar  receives  the  impact  of  the  crown  of  the  superior  molar. 
Thus  the  oblique  edges  of  the  inferior  triangle  shear  on  the  edges 
of  two  adjacent  superior  molars.  The  anterior  parts  of  the  infe- 
rior molars  form,  with  the  superior  molars,  an  alternating  dental 
series,  as  distinguished  from  the  prevalent  opposed  dentition  of 
most  mammalia.     In  so  far  it  resembles  the  reptilian  dentition. 

This  primitive  dentition  has  been  modified  in  two  directions :  viz., 
to  form  the  grinding  and  sectorial  dentitions.  As  already  remarked, 
the  superior  molars  gi'adually  acquire  a  posterior  internal  lobe, 
which  produces  the  quadrituberculate  type.  This  lobe,  by  oppos- 
ing the  anterior  internal  lobe  of  the  next  posterior  inferior  molar, 
precludes  the  entrance  of  the  anterior  triangle  of  the  latter  between 
the  two  superior  molars.  Hence  we  find  in  the  types  which  possess 
quadri  tubercular  superior  molars  that  the  anterior  triangle  of  the  in- 

*  See  Report  G.  M.  Wheeler,  to  chief  of  Engineers  on  Ezpl.  Snrv.,  W.  lOOth  Mer.  Vol. 
It,  pt.  ii,  on  the  Croodouta. 
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ferior  molar  is  not  elevated,  if  present,  as  for  instance  in  Bliino- 
cerus.  It  is,  however,  more  frequently  atrophied,  and  disappears, 
forming  the  inferior  quadritubercular  molar  so  well  known. 

On  the  other  hand,  as  I  have  pointed  oat^,  the  anterior  internal 
cosp  of  the  triangle  of  the  inferior  molar  may  be  more  developed 
antero-posteriorly,  giving  the  antero-external  edge  of  the  triangle 
much  greater  obliquity  than  the  postero-externah  In  correspon- 
dence with  this  modification,  the  superior  triangular  molar  loses  its 
equilateral  character  by  the  more  anterior  position  of  its  internal 
angle,  thus  elongating  the  posterior  internal  side.  The  latter  thus 
fits  the  corresponding  form  of  the  triangle  of  the  inferior  molar, 
forming  with  it  the  shear  of  the  sectoHal  tooth. 

In  a  former  article  *^  On  the  Homologies  of  the  Molar  Teeth, 
etc.,*'^  I  traced  the  modifications  of  the  superior  and  many  of  the 
inferior  molars  of  the  Ungulate  mammals  to  a  parent  quadri tuber- 
culate  type.  In  a  subsequent  essay^  I  traced  the  origin  of  the 
inferior  sectorial  to  a  primitive  five-tubercled  or  ^Hubercular  sector- 
ial'* type.  Farther  than  this  I  did  not  go,  and  made  no  attempt  to 
derive  the  few  cases  of  triangular  superior  molars  then  known,  nor 
the  type  of  the  superior  sectorial.  The  revelations  of  the  Puerco 
fauna  show,  that  the  superior  molars  of  both  ungulate  and  unguicu- 
late  mammalia  have  been  derived  from  a  tritubercular  type ;  and 
that  the  inferior  true  molars  of  both  have  been  derived  from  a 
^'tubercular  sectorial"  type.  Shall  we  look  for  the  origin  of  the 
latter  in  a  tritubercular  tooth  also,  i.e.,  the  tubercular  sectorial 
without  heel ;  and  will  the  crowns  of  the  true  molars  of  the  prim- 
itive mammals  alternate  with,  instead  of  oppose,  each  other? 


On  the  Structure  of  the  Skull  in  Diglonius  mirabilis,  a  Lar- 
amie DiNOSAUiUAN.    By  £dw.  D.  Cope  of  Philadelphia,  Pa. 

[ABSTBACr.] 

This  paper  was  based  on  a  nearly  perfect  skeleton,  found  by 
Messrs.  Wortman  and  Hill,  in  Dakota,  of  the  Diclonius  mirdbilia 
of  Leidy,  a  species  closely  related  to  the  Hadrosaurus  foutkeL 
The  total  length  of  the  skeleton  is  thirty-eight  feet ;  that  of  the 

«  On  tbe  origin  of  the  sectorial  tooth  of  the  Carnivora.    American  Naturalist,  1875. 

*Jonmal  Academy  Nat.  Sciences,  Philadelphia,  March,  1874. 

•On  the  origin  of  the  sectorial  tootU  of  the  Camiyora.  American  Naturallsfi,  1876. 
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Bkall  1 .  18  meters.  The  skall  is  mach '  4ike  that  of  a  goose."  The 
dentition  is  remarkable  for  its  complexity  and  for  the  difference 
between  the  superior  and  inferior  series  ;.it  includes  more  teeth  than 
the  Hadrosanrns,  there  being  568  in  each  maxillary  bone,  and  378 
in  each  splenial  bone,  making  in  all  1,892.  Dermal  or  corneous 
structures  have  left  distinct  traces  in  the  soft  sandstone  about  the 
end  of  the  beak*like  muzzle.  The  affinity  of  the  Dinosanrs  to 
birds  is  confirmed  by  the  skeleton,  but  it  is  empirical  rather  than 
essential,  and  is  confined  to  a  few  points,  as  the  form  and  position 
of  the  vomer,  the  large  development  of  the  premaxillary  bone,  and 
the  toothless  character  of  this  bone  and  the  dentar}\  So  far  as 
the  author  is  aware,  the  extension  of  the  premaxillary  above  the 
maxillary,  so  far  as  to  overlap  the  lachrymal,  is  unique  among 
Vertebrata. 


On  two  primitive  Types  of  UNOULATiE.    By  E.  D.  Cope  of  Phila- 
delphia, Pa. 

[ABSTRACT.] 

Exhibitions  of  figures  of  restorations  of  Plienacodis  vorUMLnd 
and  Htpracotfierium  veiUicolumi. 


Pharyngeal  Respiration  in  THE  Soft-shelled  Turtle  (Aspido- 
NECTEs  spinifer).    By  Simon  H.  Gaqe  of  Ithaca,  N.  Y. 

[abstbact.] 

During  the  last  twenty*five  years,  the  mechanism  of  respiration 
in  the  Chelonia  has  been  investigated  with  considerable  thorough- 
ness both  in  this  country  and  in  Europe ;  and  at  present  the  Cbe- 
loiiian  form  of  respiration  is  considered  to  be  comparable  with  that 
of  the  mammal  rather  than  with  that  of  the  frog,  as  formerly  sup- 
posed. While,  however,  the  mechanism  of  respiration  has  been 
quite  fully  investigated,  there  has  been,  so  far  as  I  am  aware,  but 
one  who  has  considered  the  organs  of  respiration  in  the  different 
groups  of  turtles. 
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Professor  Agassiz,  in  part  II,  of  the  ^'  Contributions  to  North 
American  Zoolog}'"  (p.  284),  states  that  the  lung  capacity  of  the 
soft-shelled  turtle  is  far  less  in  proportion  to  its  body  weight  than  is 
that  of  the  land  turtles.  He  also  states,  in  considering  this  fact, 
that  the  skin  on  the  ventral  side  of  the  bod}',  from  its  rich  network 
of  blood  vessels,  acts  as  a  respiratory  organ.  He  fhrther  states 
that  in  the  pharynx  are  many  fringclike  processes  which  resem- 
ble the  inner  gills  of  tadpoles,  and  probably  have  the  same  function, 
although  no  mention  is  made  as  to  the  method  of  their  use. 

In  1878  while  watchiug  a  soft-shelled  turtle  from  Cayuga  Lake 
confined  in  a  glass  aquarium,  it  was  observed  that  the  throat  and 
the  floor  of  the  mouth  became  alternately  swollen  and  collapsed, 
while  the  turtle  was  completely  immersed  in  the  water.  The  ap- 
pearance was  very  much  like  the  respiratory  movements  of  a  frog 
in  the  air.  As  no  air  escaped  from  the  turtle  the  bulging  of  the 
throat  and  mouth  must  be  caused  by  filling  the  mouth  and  pharynx 
with  water,  and  expelling  it,  or  the  air  must  be  forced  into  the 
mouth  from  the  lungs  and  then  forced  back  into  the  lungs,  as  is 
done  sometimes  by  men  when  swimming  under  water. 

In  order  to  determine  whether  or  not  water  was  taken  into  the 
mouth  and  expelled,  the  bottom  of  the  aquarium  was  covered  with 
fine  sea  sand,  and  the  observations  were  made  when  the  animal 
was  resting  quietly  on  the  sand. 

At  the  beginning  of  the  movement,  the  mouth  would  slightly 
open,  and  its  floor  would  swell  out,  the  swelling  passing  steadily 
onward  to  the  throat.  After  a  moment  of  quiet,  the  swelling 
would  disappear  in  the  inverse  order  of  its  appearance. 

During  the  disappearance  of  the  swelling  of  the  throat  and 
mouth,  the  sand  for  a  considerable  distance  in  front  of  the  ani- 
mal's head,  would  be  swept  aside  as  by  a  rapid  stream.  The  move- 
ment of  the  sand,  without  the  escape  of  air,  seemed  to  prove 
conclusively  that  the  mouth  and  throat  were  alternately  filled  with 
water  and  emptied. 

These  pharyngeal  respirations,  as  they  may  be  called,  were  very 
regular  occurring  ten  to  fifteen  times  a  minute.  My  observations 
were  verified  b}'  Professor  Wilder  and  several  of  our  laboratory 
students. 

While  therefore  the  investigations  of  Agassiz  showed  that  in  the 
pharynx  of  the  soft-shelled  turtle  were  organs  apparently  suitable 
for  aquatic  respiration,  the  observations  here  recorded  of  the 
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rhythmical  bathing  of  these  organs  with  fresh  water  seem  to  make 
the  evidence  complete,  that  a  tme  aquatic  is  combined  with  an  ae- 
rial respiration. 

It  is  hoped  that  daring  the  coming  year,  investigations  may  be 
completed  which  siiall  determine  the  exact  amonnt  of  oxygen  con- 
sumed in  this  pharyngeal  respiration,  and  the  structure  of  this  un- 
usual respiratory  organ  in  the  soft-shelled  turtle. 


On  the  Use  of  Vaseline  to  prevent  the  loss  of  Alcohol  frox 
Specimen  Jars.  By  Burt  6.  Wilder  and  Simon  H.  Gage  of 
Ithaca,  N.  Y. 

The  petroleum  preparation  known  as  vaseline  is  known  to  be 
practically  unaffected  by  ordinary  temperatures  and  by  most  sub- 
stances.   Ill  the  Journal  of  the  Chemical  Society,  July,  1882,  p.  786, 
it  is  said  to  be  '^  sparingly  soluble  in  cold  strong  alcohol,  and  com- 
pletely in  hot,  but  separates  out  on  cooling."    After  trying  various 
substances, — wax,  paraffine,  oil  and  glycerine  with  but  partial  suc- 
cess, the  use  of  vaseline  was  suggested  by  the  two  authors  inde- 
pendently and  nearly  at  the  same  time.    The  experiments  tried 
this  spring  indicate  that,  during  three  months,  at  ordinary  spring 
and  summer  temperatui*es,  there  is  no  appreciable  loss  of  95  per 
cent,  alcohol  from  glass  vials  or  jars,  whether  upright  or  inverted 
or  on  the  side,  provided  corks  are  anointed  on  the  bottom  as  well 
as  on  the  side,  provided  ground  glass  stoppers  are  anointed  and 
firmly  inserted,  and  provided  the  rubber  rings  of  fruit  jars  and  the 
specimen  jars  made  by  Whitall,  Tatum  and  Co.,  are  anointed  on 
both  sides  and  the  covers  well  screwed  down. 

We  have  also  used  the  vaseline  for  preventing  the  loss  of  other 
liquids,  excepting  chloroform  and  spirits  of  turpentine ;  as  a  lubri- 
cator of  drawers,  and  to  prevent  the  sticking  of  the  covers  or  stop- 
pers of  cement  vials ;  and  for  the  prevention  of  rust  upon  steel 
instruments. 
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The  Pstllidje  of  the  United  States.    By  C.  V.  Rilet  of  Wash- 
ington, D.  C. 

[AD8TKA0T.} 

The  Psyllidse,  or  flea-lice,  are  rather  small  homopteroas  insects, 
that  have  remarkable  jumping  powers.  Some  of  them  injure  cul- 
tivated plants.  This  is  notably  true  of  the  Psylla  pyriy  which 
blights  the  buds  of  pear-trees ;  and  Phylloplecta  tripunctatay  which 
crumbles  the  tips  of  the  blackberry.  The  family  has  received  little 
attention  in  the  United  States,  and  scarcely  any  thing  has  been 
known  of  the  life-history  and  development  of  the  species.  The 
paper  enumerates  seventeen  described  species,  four  of  these  being 
synonymes,  and  one  of  them  {P^Ua  pyri)  introduced  ft'om  Europe. 
They  fall  into  four  subfamilies,  and  represent  four  genera  already 
characterized,  and  three  new  genera, — Brachylivia,  Pachypsylla, 
and  Phylloplecta.  The  new  species  characterized  are  Calophya 
vitreipennisj  from  Arizona;  C  nigripennia^  on  Ehus  copaUina; 
C.  flavida^  on  Rhus  glabra;  Pachypsylla  odtidis-curcurbita^  form- 
ing galls  on  leaves  of  Celtis  texana^  P.  c-pnbescensj  P.  c.-oMeriscus ; 
P,  c.'Umbilicus  and  P.  c.'VesiciUum  —  all  forming  galls  on  leaves  of 
Celtis  occidentalis;  Blastophysa  (nov.  gen.)  c-gemma^  forming  galls 
on  the  twigs  of  the  same  tree ;  CeropsyUa  (nov.  gen.)  sideroxyli, 
a  remarkable  form  developing  in  pits  on  the  leaves  of  Sideroxylon 
masticodendron ;  Trioza  sanguinosa^  on  Pinus  australis ;  T.  sanchiy 
on  Sonchus  arvensis;  and  Bhinopsylla  schtoarzii^  from  the  cypress- 
swamps  of  Florida.  The  paper  records  discoveries  as  to  the  life- 
history  of  the  species,  and  especially  those  affecting  Rhus  and 
Celtis ;  the  latter  forming  a  group  peculiar  to  Noi*th  America,  and 
the  most  perfect  gall-makers  in  the  family. 

The  eggs  of  Psyllidce  are  attached  to  leaves  by  a  pedicel,  are 
somewhat  pointed  at  one  end,  and  often  terminate  in  a  filament. 
The  young  are  broad  and  flattened,  with  a  fringed  margin.  They 
are  generally  pale,  and  more  or  less  covered  with  a  flocculent  se- 
cretion. Those  on  sumach  are  dark,  and  without  such  flocculence. 
Those  making  galls  on  hackberry  have  stout  spines  at  the  end  of 
the  body,  by  the  aid  of  which  they  are  able  to  work  out  of  their 
galls. 
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SOXK  BKCKNT  mSCOTBRIES  IN  REKERENCE  TO   FhTLLOXKKA.      By  C. 

V.  RiLET  of  Washington,  D.  C. 

[abstsact.] 

E\'ERT  new  fact  in  the  life-history  of  the  insects  of  this  genas 
has  an  exceptional  interest,  becaase  of  its  bearing  on  the  destruc- 
tive grapevine  Phylloxera.  The  genas  is  most  lai^ly  repre- 
sented in  this  country  by  a  number  of  gall-making  species  on  our 
different  hickories,  and  the  full  annual  life-cycle  of  none  of  them 
has  hitherto  been  traced.  The  galls  ai-e  produced,  for  the  most 
part,  in  early  spring ;  the  winged  females  issue  therefrom  in  early 
summer ;  thenceforth,  for  the  remainder  of  the  year,  the  where- 
abouts of  the  insect  has  been  a  mystery.  The  author  has  for  sev- 
eral years  endeavored  to  solve  this  mystery  and  at  last  the 
stem-mother  (the  founder  of  the  gall),  the  winged  agamic  females 
(issue  of  the  stem-mother),  the  eggs  (of  two  sizes)  from  these 
winged  females,  the  sexed  individuals  from  these  eggs,  and  the 
single  impregnated  egg  from  the  true  female,  have  been  traced  in 
several  species.  There  is  some  evidence,  though  not  yet  abso- 
lutely conclusive,  that  this  impregnated  egg  hatches  exceptionally 
the  same  season ;  also,  of  a  summer  root-inhabiting  life.  In  Phyl- 
loxera spinoaa^  which  forms  a  large  roseate  somewhat  spinose  gall 
on  Carya  oZ&a,  and  which  has  been  most  closely  studied,  the  im- 
pregnated egg  is  laid  in  all  sorts  of  crevices  upon  the  twigs  and 
bark  and  in  the  old  galls,  in  which  last  case  they  fall  to  the  ground. 

Up  to  this  time  they  have  remained  unhatched,  and  will  in  all 
probability  not  hatch  till  next  spring,  thus  corresponding  to  the 
''  winter  egg"  of  the  grape  Phylloxera. 


Entomological  Notes  for  1883.    By  E.  W.  Clatpolb  of  Akron, 
Ohio. 

[AB8TBACT.1 

The  Potato  Beetle. — ^This  insect,  in  1882,  came  as  usual  in 
Middle  Pennsylvania  in  the  early  summer.  I  was  compelled  to  use 
poison  as  in  previous  years.    In  the  later  portion  of  the  summer  I 
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observed  and  noted  at  the  time,  in  the  Canadian  Entomologist, 
that  there  was  no  second  brood  or  that  it  was  so  small  as  to  pass 
unnoticed.  It  was  my  intention  to  watch  in  1883  in  order  to  deter- 
mine if  this  second  brood  was  again  missing.  But  to  my  surprise  in 
1883  there  was  almost  no  first  brood.  The  pest  was  gone.  Here 
and  there  a  few  beetles  appeared,  or  later  a  few  brood  of  young  were 
observed,  but  they  were  so  few  that  by  most  persons  they  passed 
unnoticed.  All  the  season  the  plants  grew  and  flourished  unin- 
jured by  their  enemy. 

Being  called  away  on  business  to  New  York  in  May,  I  observed 
the  same  fact  over  the  whole  inter^'ening  countrv.  Everywhere 
the  potato  beetle  was  conspicuous  by  its  absence.  In  every  part 
of  Pennsylvania  I  find  the  same  result,  at  least  as  far  as  I  have 
enquired,  and  letters  from  my  former  residence  in  Ohio  inform 
me  that  there  too  the  plants  are  free  from  their  enemy. 

I  know  not  to  what  cause  this  freedom  is  to  be  ascribed,  but  note 
the  fact,  for  want  of  time  has  prevented  my  making  any  investiga- 
tion. But  whatever  it  is,  I  am  disposed  to  date  its  action  in  the 
middle  or  early  part  of  last  summer,  and  not  during  the  winter  as 
popular  opinion  inclines  to  believe. 

The  Hessian  Fly. — During  the  present  season,  1883,  the  Hes- 
sian fly  has  been  exceedingl}'  abundant  in  some  parts  of  Pcriy  Co., 
Pa.  I  saw  many  fields  in  which  the  crop  would  certainly  not  pa}' 
the  cost  of  cutting  it.  I  have  found  four,  five,  six  and  seven 
"  flaxseeds  "  in  a  single  straw.  This  of  itself  is  not  deserving  of 
special  remark.  But  on  enquiry  I  was  told  by  farmers  that  it  was 
not  as  is  usually  the  case  the  earliest  wheat  that  was  infested.  Sev- 
eral assured  me  that  in  their  own  and  their  neighbors'  crops,  the 
earliest  and  latest  wheat  was  free,  and  the  rest  of  the  crop  was 
attacked.  By  "earliest"  I  mean  wheat  sown  between  Sept.  1  and 
Sept.  7,  and  by  "latest"  that  which  was  sown  after  Sept.  22.  I  do 
not  know  if  this  fact  has  been  generally  observed,  but  I  am  satisfied 
the  statement  is  true  for  Perry  County. 

In  explanation,  I  can  only  suggest  that  probably  the  earliest 
wheat  does  not  escape  the  fly,  but  being  large  and  strong,  is  better 
able  to  bear  it,  and  though  sufiTering  injury  yet  sprouts  and  repairs 
its  loss  before  the  spring  growth  comes  on.  The  same  reason  — 
stronger  growth — may  also  enable  it  to  resist  the  spring  attack. 

.      A.  A.  A.  S.,  VOL.  XXXIL  21 
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PSEPHENCS  LeCONTEI  ;  THE  EXTERNAL  ANATOMT  OP  THE  LARYA.  Bj 

D.  S.  Kellicott  of  Buffalo,  N.  Y. 

[ABSTRACT.] 

The  species  referred  to  is  found  in  large  numbers  at  the  rapids 
above  the  falls  of  Niagai*a,  and  is  scattered  throughout  the  north- 
eastern part  of  North  America.  The  author  proposed  to  supple- 
ment the  accounts  given  of  it  by  earlier  observers  with  a  record  of 
his  own  obseiTations,  which  differed  in  some  respects  from  those  of 
Dr.  LeConte.  Several  details  of  anatomical  structure  were  brought 
to  the  attention  of  the  members,  and  illustrated  with  wood-cut^ 
prepared  for  the  purpose  and  with  specimens  mounted  in  balsam 
for  observations  under  the  microscope. 


Note  on  Phttoptid^,    By  Herbert  Osborn  of  Ames,  Iowa. 

[ABSTRACT.] 

The  Phy  toptidae  comprise  a  group  of  very  minute  mites,  species 
of  which  produce  galls  of  various  forms  on  the  leaves  or  twigs  of 
various  trees.  Recent  investigation  in  Europe  has  placed  the 
group  in  a  different  light  from  that  in  which  it  previously  was  con- 
sidered. Their  study  is  rendered  difficult  by  their  extreme  minute- 
ness, and  the  care  necessary  to  discover  the  different  stages.  One 
of  the  most  common  species  produces  the  little  wart-like  swellings 
which  occur  so  abundantly  on  soft  maple  leaves.  A  species  on 
ash  leaves  produces  a  swelling  which  is  nearly  uniform  on  the 
upper  and  under  surfaces  of  the  leaf ;  while  another  species  on  the 
same  tree  produces  a  leafy  growth  at  the  end  of  the  twigs,  the 
growth  sometimes  being  inhabited  also  by  cecidomyian  larA-».  On 
the  elm  occurs  a  large  deformed  leafy  growth,  which  also  contains 
Phytopti ;  while  still  another  form  of  gall  occurs  on  box  elder,  con- 
sisting of  a  depression  on  the  under  surface  of  the  leaf,  this  depres- 
sion being  filled  with  a  woolly  growth,  and  containing  Phytopti. 
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Fossil  Cephalopoda  in  the  Moseum  of  Comparative  Zoology.^ 
By  Alpheus  Htatt  of  Cambridge,  Mass. 

The  nature  of  the  evidence  afforded  by  fossil  shells  is  very 
little  understood.  They  have  been  so  often  spoken  of  slightingly, 
as  a  sort  of  jacket,  an  unimportant  part,  etc.,  that  all  conclu- 
sions arrived  at  by  their  study  alone  are  considered  as  peculiarly 
liable  to  eiTor. 

A  shell  to  begin  with  ranks  as  a  primary,  essential  part,  and 
f\*om  its  mode  of  growth  it  is  a  model  of  the  external  form,  and 
at  the  same  time  a  mould  of  the  outlines  of  the  internal  soft  parts 
to  an  extent  which  has  not  been  fhlly  appreciated.  The  shell 
may  often  become  a  permanent  record  of  the  series  of  changes, 
which  the  form  has  undergone,  from  the  time  it  first  began  to  in- 
close the  embryo  until  the  death  of  the  soft  parts.  Among  Nau- 
tiloids  and  Ammonoids,  it  contains  another  part,  also  calcareous, 
the  tube,  or  so-called  siphon,  which  exhibits  remarkable  and  sig- 
nificant changes  of  structure  and  position  in  the  early  stages. 
This  connects  the  septa  or  horizontal  partitions,  which  with  their 
sutures  vary  with  the  age  of  the  animal  constituting  a  third  record 
of  early  changes  and  structural  modifications. 

All  these  parts  are  found  to  be  in  correlation  with  each  other, 
and  together  make,  when  properly  translated,  an  index  to  the  life 
history  of  the  individual,  which  is  unequalled  in  some  respects 
among  other  existing  or  extinct  animals. 

A  single  shell,  either  from  a  living  or  fossil  form,  may  present, 
accurately,  the  general  history  of  the  development  of  the  young, 
the  stages  of  the  adult  and  of  old  age.  The  results  of  heredity 
and  the  action  of  endemic  or  traumatic  diseases  can  be  detected, 
if  one  knows  how  to  study  and  compare  the  remarkable  and  dis- 
tinct series  of  metamorphoses  often  displayed  by  this  external  or 
protective  skeleton  with  those  of  congeneric  forms. 

The  vertebrate  skeleton  has  long  been  considered  a  standard, 
and  the  evidence  afforded  by  its  fossil  remains  is  very  important 
and  convincing.  The  series  made  in  the  case  of  the  horses 
found  by  Marsh  and  those  described  by  Gaudry  are  universally 

1  Partial  abstract  trom  a  memoir  now  in  preparation,  of  which  two  other,  but  dis- 
tinct abstracts  containing  dilTerent  poitions  of  the  memoir  have  appeared  atnco  tlus 
was  read.  One,  "  Genera  of  Fossil  Cephalopods''  was  published  in  Proo.  Bost.  Soc. 
Nat.  Hist.,  y,  22,  Dec.,  18d3  to  Feb.  1884,  and  one  "  K?olution  of  Cephalopoda/'  in  ScU 
cnce,  Camb.,  Feb.,  1881,  nos.  03-03,  V,  8. 
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quoted  as  the  strongest  proofs  of  evolution.  This  evidence  is 
considered  complete,  because  naturalists  understand  and  have 
tiioroughly  studied  the  skeleton,  and  because  it  is  internal  and  has 
been  assumed  to  be  more  invariable  than  the  shell.  All  of  these 
arguments  have  their  due  weight,  but  we  should  like  to  hear  of  an 
example  of  greater  invariability  than  exists  between  the  shells  of 
the  Nautilus  now  existing  and  those  Barrandeoceras  (Nautilus)  of 
the  Cambrian,  or  of  the  Triassic  and  Cambrian  Orthoeeras. 

The  conclusions  arrived  at  by  the  study  of  the  skeleton  are  re- 
liable, but  they  really  are  no  more  conclusive  in  theoretical  meaning 
than  any  other  case  of  a  series  of  equally  well  understood  hard 
parts  in  any  other  brancii  of  the  animal  kingdom  found  as  fossils, 
and  traced  out  in  the  same  careful  and  thorough  manner. 

IIow  unreasonable  it  would  seem  to  a  student  of  fossil  mam- 
malia, if  he  were  requested  to  do  what  it  would  be  appropriate  to 
require  from  a  student  of  the  fossil  Cephalopoda,  viz.,  to  describe 
from  the  investigation  of  the  single  perfect  fossil  skeleton  of  an 
adult,  not  only  the  characteristics  of  the  skeleton  at  the  stage  of 
growth  in  which  the  animal  died,  but  the  developmental  stages  of 
this  same  skeleton,  and  in  case  it  were  the  remains  of  an  old,  out- 
grown animal,  also,  the  retrograde  metamorphoses  through  which 
it  had  passed  during  its  last  stages  of  decline. 

It  might  require  a  lifetime  to  make  out  the  stages  of  a  single 
species  of  mammal  satisfactorily  from  the  isolated  specimens 
which  could  be  found,  and  the  attempt  would  be  hopeless  for  all 
of  the  youngest  periods  of  growth,  while  the  bones  were  still 
cartilaginous. 

Crustacea,  especially  Trilobites,  afford  an  opportunity  of  doing 
this,  as  Barrande  has  shown,  but  the  labor  expended  in  gathering 
the  necessary  number  of  specimens  demands  the  most  extensive 
and  persistent  efforts,  and  one  can  rarely  be  perfectly  sure  that 
the  same  species  is  under  observation  all  the  time,  since  it  is  im- 
ix>ssible,  as  among  the  Ammonites  and  Nautili  and  living  animals, 
to  follow  out  the  same  individual  through  all  its  transformations. 

This  kind  of  evidence,  however,  is  as  i^adily  obtainable  among 
fossil  Cephalopods  with  relation  to  the  shell  and  other  hard  parts 
as  among  living  animals,  and  it  can  be  obtained  in  good  collec- 
tions everywhere,  whether  'Mn  situ"  or  in  Museums.  Thus  it  is 
possible  to  study  the  relations  of  these  fossil  forms  very  minutely 
and  with  a  certainty  of  possessing  a  clew  to  their  true  relations, 
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which  is  rarely  attainable  even  among  existing  animals,  for  among 
these  we  have  only  the  embryos  and  young  of  contemporaneous 
forms  and  necessarily  lose  all  relations  of  succession  in  time, 
unless  the  investigation  embraces  a  prolonged  series  of  experi- 
ments or  is  more  or  less  historical,  and  even  then  the  facts  cannot 
have  a  very  wide  chronological  range. 

The  accepted  divisions  of  the  Cephalopods  have  been  founded 
by  authors  wholly  upon  the  characteristics  of  the  adult.  The 
form  of  the  shell,  whether  straight  as  in  Orthoceras,  curved  as  in 
Cyrtoceras,  coiled  up  with  open  whorls  as  in  Gyroceras,  or  with 
the  whorls  in  contact  as  in  Nautilus.  These  modifications  together 
with  the  outlines  of  the  a|>erture  and  other  minor  characteristics, 
have,  heretofore,  determined  the  group  to  which  any  given  shell 
was  referred. 

The  examination  of  the  young  of  all  the  closely  coiled  Nauti- 
loidea  shows  them  to  be  as  a  rule  uncoiled,  and  in  the  earliest 
stages  simply  arcuate  as  in  the  adults  of  the  group  of  the  Cyi'to- 
ceratites,  and  having  a  scar  on  the  apex  which  represents  the  be* 
ginning  of  the  stage  in  which  the  animal  commences  to  construct 
the  true  or  secondary  shell.  The  young  of  all  the  Amroonoids 
have,  on  the  contrary,  with  the  marked  exception  of  some  Palieo- 
zoic  species  and  some  varieties  of  species^  closely  coiled  whorls 
at  the  corresponding  stage  of  growth,  and  upon  the  apex  is  a  tiny 
bag  or  embryo  shell,  which  has  been  very  appropriately  called 
the  protoconch  by  Owen. 

In  my  Embryology  of  Cephalopods,  Bulletin  of  Museum  of 
Comparative  Zoology,  Cambridge,  No.  5,  Vol.  Ill,  the  position 
was  taken  that  the  scar  of  the  Nautiloidea  showed  that  a  protoconch 
had  existed  in  the  embryo  of  Nautilus,  but  had  disappeared  during 
the  growth  of  the  shell,  the  scar  being  uncovered  by  its  removal. 
This  supposition  was  endorsed  by  Prof.  Richard  Owen,  but  re- 
jected by  Barrande,  who  insisted  that  the  general  absence  of  a 
protoconch  was  a  fatal  objection.  There  exists,  however,  on  the 
apex  of  some  Orthoceratites,  an  excrescence  or  bulb  of  a  with- 
ered and  somewhat  irregular  and  variable  shape.  DeKoninck,  in 
bis  late  magnificent  work  upon  "Calcaire  Carbonifere  de  Belgique," 
curiously  enough  cites  these  very  forms  as  the  principal  proofs 
against  my  conclusion  because  in  them  the  scar  is  absent.  Ac- 
cording to  ray  examinations  and  drawings,  however,  the  scar 
ought  to  be  found  in  such  examples  underneath  the  bulb  of  the 
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apparently  complete  ftpex,  which  is  simply  the  withered  and 
shrunken  remains  of  the  primitive  protoconch.  This  was  evi- 
dently originally  a  soft,  embryonic  shell  composed  of  conchlolin 
and  not  of  calcareous  matter  as  in  the  Ammonoidea.  I  have  seen 
and  figured  several  examples  in  which  a  bulb  was  present  on  the 
apex  and  no  scar  visible,  and  one  case  in  which  the  bulb  (proto- 
conch) had  evidently  been  broken  away  leaving  the  scar  visible 
below  surrounded  by  the  broken  edges  of  the  outermost  shell 
layer  which  formerly  connected  the  apex  with  and  covered  the 
protoconch.  The  external  layer  of  shell  and  its  longitadinal 
ridges  from  the  apex  up  on  to  the  so-called  plug  of  the  cicatrix 
described  by  Barrande,  have  also  been  traced  and  thus  eveiy  point 
in  the  evidence  appears  to  be  complete,  and  the  fact  that  the  bulb  is 
covered  by  a  true  protoconch  continuous  with  the  shell  of  the  ai^ex 
seems  to  be  established. 

Space  is  wanting  to  discuss  the  question  of  the  convergence 
of  the  orders  of  Cephalopoda,  but  some  of  the  facts  will  be 
given  farther  on.  M.  Barrande's  strenuous  and  magnificent  op- 
position to  the  view  that  these  orders  did  converge  in  the  Palseozoic 
rested  largely  u[X)n  the  supposed  differences  of  the  embryo  of 
Nautilus  and  Ammonites,  and  he  figured  several  of  the  species, 
which  carried  the  bulb  or  protoconch  and  descril^ed  them  as  hav- 
ing the  a[>ex  plugged  or  filled  as  in  truncated  shells.  The  figures 
referred  to  are  in  Barrande's  Syst.  Sil.  de  la  Boh^me,  pi.  488,  case 
9,  11,  0.  elegans  and  0.  pclitum^  and  the  fact  that  the  external 
shell  is  continuous  may^  be  seen  in  specimens  of  0.  ci'GUdum  in 
Mus.  Geol.  Surv.,  Albany. 

The  classification  adopted  is  as  follows : 

CLASS  CEPHALOPODA. 

Sub-class  I,  Tetrabranchiata. 
Order  1,  NatUUoidea. 
"      2,  Ammonoidea, 

SdB-OLASS  II,  DiBRAKCHIATA. 

Order  3,  Belemnoidea. 
"     4,  Sepioidea. 

These  four  ordei"?  converge  to  one  t3^pe  by  intermediate  forms, 
by  the  embryology  and  development  of  the  shells  and  internal  hard 

•  Since  this  paper  was  read  flgures  Illustrating  some  of  these  facts  have  been  pub* 
llshed  111  Science,  Caiubriilgo^  Mass.,  V,  3,  No.  62,  Feb.  18S1. 
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parts,  by  their  morphology ,  and  by  their  habits  which  may  be  inferred 
from  the  forms  of  the  apertures  and  build  of  tlie  shell.  Judging 
from  these  facts,  the  prototype  of  the  MoUusca  must  have  had  a 
globose  embryo  attached  to  tlie  apex,  the  apex  composed  of  a 
living  chamber  opening  into  the  protoconch  or  globose  shell  of 
the  embryo  without  septa,  though  possibly  divided  more  or  less 
by  diaphragms.  Diaphragms  precede  the  formation  of  the  septa 
in  the  embryo  Am  monoid  and  a  cone  formed  by  them  appended  to 
the  bottom  of  the  coecum  was  figured  in  the  author's  Embryology 
of  Cephalopoda,  Bull.  M.  C.  Z.,  and  described  by  M.  Chalmas 
as  the  prosiphon.3  This  confirms  Von  Jheiing's  opinion  that  Ten- 
taculites  was  the  prototype  of  the  Cephalopoda,  since  it  has  similar 
embryo  and  diaphragms.  The  prototype  of  the  sub-classes  I  and 
II  must  have  been  a  form  of  the  same  type,  with  however  a  single 
septum  or  series  of  septa  having  closed  coeca  in  place  of  a  siphon. 
These  coeca  were  the  initial  stiiges  of  the  funnels,  parts  of  the  thick, 
hard  septa,  and  continuous  with  them  and  not  the  true  siphon 
or  in  any  way  indoaures  at  first  of  the  fleshy  walls  of  the  true  si- 
phon ;  they  were  directly  in  contact  with  the  outer  side  of  the 
apex  of  the  mantle  and  strictly  homologous  with  the  internal  par- 
titions found  in  many  Gasteropoda.  The  co&ca,  becoming  pro- 
longed in  descendant  forms,  were  differentiated  into  the  funnels,  the 
remnants  of  the  coeca  and  the  thinner  walls  of  the  sheath  proper, 
connecting  them  were  formed  by  the  fleshy  siphon.  This  is  the 
condition  of  the  siphon  in  the  typical  forms  and  in  tubular  si- 
phoned Orthoceras,  but  in  some  aberrant  genera  the  fleshy  siphon 
widens  near  the  living  chamber  becoming  conical  and  forming  a 
sheath.  These  sheaths  lie  in  the  large  tube  formed  by  the  true 
funnels  and  may  deposit  permanent  diaphragms  as  in  Endoceras. 
The  fleshy  sheaths  formed  also  a  median  tube  connecting  the  apices 
of  the  sheaths  and  surrounded  by  a  layer  of  shell  which  is  shown 
in  Piloceras  in  a  structure  first  demonstrated  by  Dr.   Dawson. 

>  lliese  diaphragms,  as  figured  by  the  author  in  tlio  work  cited  pi.  1,  f.  3, 4,  pi.  2,  f.  1, 
jr.  pi.  3,  f.  3,  6-0,  nro  npparantly  quite  distinct  A'oin  Mcunier  Chnlmab'  flfrures  or  t'.ie 
prosiphon  which  as  drawn  in  Spirnla  and  Ammonites  in  Fischer's  "Manuel  do  Conchy* 
liologie,**  1881,  pp.  330, 371,  scoma  to  be  a  distinct  connective  prolongation  fVom  the  bot- 
tom of  the  ccscum  across  the  veitlcnl  section  of  the  protoconch.  This  prosiplion  of 
Chalmas  ivns  not  observed  either  by  Dranco  or  the  author,  though  the  former  sought  it 
tn  SpimlA  and  many  forms  of  Ammonitinie.  These  facts  suggest  that  the  diaphragms 
which  preoetled  the  formation  of  the  coscum  were  variable  in  form  ami  they  are  appnr> 
ently  the  homologueA  of  the  calcareous  plnte  which  closer  the  cicatrix  in  Nnutilns.  If 
this  be  trne  they  lose  the  value  attributed  to  them  by  Chalmas  and  Fischer  and  do  not 
indicate  any  close  affinity  between  Spirulu  and  the  Ammonoidea. 
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This,  the  endosiphon,  had  the  same  thin  covering  as  the  sheaths 
themselves  or  secondary  diaphragms,  and  is  but  rarely  well  pre- 
served. The  sheaths  were  only  temporarily  formed  &nd  resorbed 
in  some  genera,  Sannionites,  better  known  as  Camerooeras,  and  in 
Piloceros  as  suggested  by  Dawson. 

The  true  Endoceras,  E,  proteiforme  Hall,  has  numerons  succes- 
sive sheaths  and  the  endosiphon  in  its  most  aberrant  condition, 
and  also  the  siphon  composed  only  of  the  funnels.  Sannionites 
and  Piloceras  have,  as  a  rule,  but  one  perfect  sheath,  this  being 
appended  to  the  living  chamber  ;  any  others  are  apt  to  be  imper- 
fect and  the  remnants  attached  to  the  endosiphon,  as  in  Dawson's 
figure  of  Piloceras,  Can.  Nat.,  V,  X,  No.  1,  p.  3,  f.  2. 

It  is  interesting  to  note  that  all  of  these  types  have  the  aspect 
of  having  been  indigenous.     They  are  so  numei-ous  in   all  the 
lower  formations,  Calciferons  and  so-called  Quebec,   and  in  the 
corresponding  rocks  in  northern  Europe  that  they  almost  exclude 
the  ty  |>es  having  small  siphons,  thus  affording  the  strongest  contrast 
with  the  Bohemian  faunas,  and  presenting  a  more  ancient  aspect 
than  any  of  these,  a  fact  already  stated  by  Barrande.     The  endo- 
siphonate  and  transition  types  of  these  periods  have  a  common 
character,  already  noted  by  Billings  in  various  specific  descriptions 
and  evidently  understood  by  that  author,  though  not  as  strongly 
insisteil  upon  as  its  importance  deserved.    All  of  them,  including 
also  the  coiled  t^'pes,  have  the  septa  very  closely  set  or  what  would 
be  designated  as  crowded  together,  and  the  siphon  central  or  be- 
tween the  centre  and  the  ventrum,  with  the  exception  of  a  very  few 
species.     Individuals  increase  the  distance  between  the  septa  b}'' 
growth  up  to  the  adult  stage,  and  then  in  old  age  the  distance, 
again  decreases.     This  peculiarity  is,  therefoi*e,  important  and 
characterizes  the  radical  types  existing  in  the  more  ancient  forma- 
tions as  well  as  the  young  of  the  Nautiloids  in  general.    It  is  also 
to  be  noted  that  the  young  of  the  Nautilus  has  the  siphon  larger 
than  in  subsequent  stages.     While  this  more  ancient  as|>ect  of  the 
faunas  in  North  America  is  true  of  the  formations  antedating  the 
Chazy  and  Trenton,  and  perhaps  including  the  Lower  Silurian  or 
Cumbrian  as  a  whole,  it  is  not  true  of  subsequent  formations  or 
other  types  in  these  later  ix^riods.    The  Devonian  Cephalopoda, 
as  a  rule,  have  the  aspect  of  and  belong  largely  to  our  Spyix)ceran 
group  and  are  similar  to  the  Bohemian  Silurian  Nautiloidea  of  the 
same  scries.    The  Goniatites  of  America  have  also  the  aspect  of 
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migrants  and  the  radical  Silurian  forms  abundant  in  Europe  are 
wanting.     The  group  of  Clymninoe  are  also  absent.^ 

M.  Barrande  has  shown  that  all  the  different  types  of  tubular- 
siphoned  straight  cones  may  be  followed  by  means  of  transitional 
forms  into  the  large-siphoned,  or  Endoceratitic  and  Actinoceratitic 
genera,  and  in  other  directions  this  tubular  siphoned  group  may 
be  followed  into  the  nummuloidaUsiphoned  groups  of  straight 
forms.  All  of  these  have  been  divided  into  genera,  which  are 
described  in  the  twenty-second  volume  of  Proc.  Bost.  Soc.  Nat. 
Hist.,  but  these  do  not  interest  us  here.  It  is  necessary  merely 
to  restate  M.  Barrande's  facts,  and  also  to  note  the  central  position 
of  the  tubular-siphoned  or  typical  straight  cones.  They  connect, 
as  proved  by  Barrande,  in  other  directions,  notably  with  the  brevi- 
cone  forms.  From  these  last  any  one  may  trace  the  series,  which 
leads  through  the  brevicone  Cy rtoceratites,  described  by  Barrande, 
into  the  Gomphoceratidse,  in  which  the  lower  forms,  abundant  in 
this  country",  have  open  apertures  and  similar  siphons.  The  next 
members  of  this  series  are  the  so-called  Phragmoceratites  and 
others  with  much  contracted  apertures.  Gomphoceras  also  con- 
nects with  the  truncated  Mesosceras  of  Barrande,  which  leads  into 
the  Ascoceratites. 

A  good  illustration  of  this  method  of  classification  is  shown  by 
the  frilled  shells,  which  are  a  singularly  homogeneous  group,  and 
about  which  the  evidence  is  quite  complete.  The  longicone 
straight  shells  have  a  genus  Dawsonoceras  composed  of  annu- 
latcd  cones  which  have  a  distinct  frilled  layer  on  the  exterior. 
These  frills  at  intervals  stand  out  from  the  sides  showing:  the 
marks  of  having  been  at  one  time  the  edges  of  apertures. 

The  Cyrt,  lamellosum  Hall,  Amer.  Mus.,  is  the  type  of  the 
arcuate  group  of  this  series  in  tlie  Silurian,  and  then  follows  a 
large  series  of  g^'roceran  Devonian  forms  leading  into  nantilian 
shells,  also  in  the  Devonian,  Mns.  Geol.  Surv.,  Albany*,  of  which 
the  type  is  the  Gyr,  undulaUim  Hall. 

A  parallel  series  in  the  same  family  gi*oup  begins  in  the  Devo- 
nian, having  the  same  style  of  shell,  with  the  Cyrt,  Jason  Hall, 
and  may  be  followed  into  gyroceran  forms.  In  this  series  we 
have  enjoyed  the  criticism  and  assistance  of  Prof.  James  Hall, 
who  has  stated  somewhat  similar  facts  in  his  Natural  History  of 
New  York,  with  the  exception  of  the  connection  between  Cyrt. 

*  Hnve  recently  seen  a  specimea  frara  Burlington,  Vt.,  that  may  prove  to  belong  to 
this  group. 
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lamellosum  and  the  Orthoceratites,  which  we  worked  oat  when 
away  from  Albany. 

Another  fine  series  begins  with  Orth.  Archiaci  Barr.,  and  can  be 
traced  by  the  forms,  sutures,  and  position  of  siphon  through  Lit. 
magnificum  Bill.,  of  the  Silurian,  and  then  into  a  true  nautilian 
shell,  the  Naut.  ponderosum  White,  and  into  Naut.  bilobatum  Sow., 
and  j^aut.  f€)Tatain  Owen,  both  in  the  Carboniferous.  The  dorsal 
lobe  is  introduced  in  Naut,  ponderosum  and  in  the  succeeding 
forms  it  becomes  divided  by  the  reappearance  of  a  small,  median 
dorsal  saddle. 

In  these,  and  many  other  instances,  the  evidence  has  been 
accumulated  which  enables  us  to  show  that  the  genera,  Orthoceras, 
Cyrtoccras,  Gyroccras  and  Nautilus,  as  those  terms  are  now  ap- 
plied, are  in  reality  generalized  descriptive  terms  for  representa- 
tive forms  of  different  scries,  which  resemble  each  other  in  form, 
but  are  distinct  structurally.  Each  series  can  be  distinguished  by 
its  own  differential,  structural  characteristics  and  by  the  form  of  the 
whorl  in  section,  but  each  one  springs  from  some  straight  or  arcu- 
ate form,  and  passes  through  a  parallel  series  of  transformations 
which  can  be  designated  by  the  terms  cyrtoceran,  gyroceran  and 
nautilian.  By  the  examination  of  these  series  we  have  learned 
to  distinguish  accurately  the  nautilian  forms,  as  those  having  an 
impressed  dorsal  zone  due  to  close  coiling,  and  in  this  impressed 
zone  a  dorsal  lobe  is  developed  sooner  or  later  in  the  sutures. 
This  distinction  enabled  us  to  point  out  the  extreme  rarity  of  true 
nautilian  forms  in  the  Silurian.  Most  of  those,  thus  named, 
though  closely  coiled,  have  a  gibbous  dorsum  and  dorsal  saddles 
in  the  sutures  and  are  true  Gyroceratites  ;  for  example,  the  major 
number  of  the  species  described  by  Barrande  as  Nautilus,  and 
many  American  species,  come  into  the  gyroceran  category. 

Some  arcuate  forms  have  a  very  slight  dorsal  inflection,  and 
flattened  or  slightly  impressed  dorsum.  These  do  not  contradict 
but  confirm  our  evidence,  and  have  been  fully  considercd.  They 
are  either  degraded  descendants  of  true  nautilian  shells  which 
have  become  uncoiled  and  show  their  descent  in  their  closely 
coiled  young,  or  else  the  dorsal  lobe  can  be  traced  directly  to 
the  peculiar  conformation  and  the  excessive  arcuation  of  the 
whorl. 

If  we  turn  from  the  series  of  adults  to  the  study  of  the  stages 
of  growth  in  individuals,  we  find  everywhere  a  similar  repetition  of 
the  arcuate,  gyroceran  and  nautilian  forms.      The  fii'st  stage  in 
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any  naiitilian  shell  is  a  Cyrtoceras,  the  next  is  Gyroceras,  and  the 
third  Nautilus;  and  almost  equally  invariably  the  development 
of  the  sutures  begins  with  n  dorsal  saddle,  and  is  followed  by  a 
dorsal  (internal)  lobe  after  the  impressed  zone  is  formed. 

After  the  expiration  of  the  Palseozoic,  shells  with  large  open 
umbilici  disappear  as  stated  b3'  Barrande,  and  this  statement,  as 
we  have  previousl}^  argued  in  our  Embryology  of  Cephalopods, 
denotes  tlje  decreased  importance  of  the  arcuate  and  gyroceran 
stages  in  the  young.  This  opening  in  the  umbilicus  we  have  called 
the  umbilical  perforation,  and  shown  that  it  was  an  important  dis- 
tinction. It  is  found  in  all  nautiloids  and  not  in  the  ammo- 
noids  except  certain  jincient  larval  forms.  We  know  that  the 
straight  and  arcuate  cones  and  gyroceran  forms  have  also  in 
large  part  become  extinct,  or  are  dying  out  at  the  time  of  the 
Trias,  so  that  both  the  parent  forms  and  the  indications  of  imme- 
diate descent  from  them,  as  shown  in  the  development  of  indi- 
viduals, disappear  simultaneously. 

The  evidence,  therefore,  derived  from  the  study  of  development 
in  the  individual,  teaclies  that  the  Mesozoic  forms  are  derived 
from  shells  which  have  been  in  themselves  close  coiled  or  nautil- 
ian  forms.  This  is  carried  out  fully  by  the  facts  of  gradation  as 
they  subsequently  occur  in  time.  Thus  the  t3'pical  Nautilidte  of 
the  Trias,  like  Cenoceras  {Naut.)  caroUnus  Mojsis.,  are  directly 
traceable  into  the  striated  and  smooth  shelled  truncated  forms  of 
the  same  period  and  of  tiie  Jura,  like  Naut.  tnincatum  Sow.,  and 
we  trace  the  hitter  by  intermediate  shells  into  the  Radiati  group  of 
the  Cretaceous.  The  genus  Nautilus  did  not  begin  to  exist  until  the 
Jura  and  all  the  supposed  similarities,  which  have  led  to  the  sup- 
positions of  M.  Barrande  and  others,  that  it  is  a  genus  closely 
allied  with  silnrian  nautilian  shells,  are  errors  arising  from  incom- 
plete knowledge  of  the  structure  and  development.  Nowhere  in 
this  series  is  there  a  sign  of  immediate  derivation  fi'om  a  cyrtoceran 
or  gyroceran  ancestor.  The  approximations  of  the  adults  are  close 
and  undeniable,  and  in  the  development  the  arcuate  stage  is  reduced 
to  smaller  proportions  and  occupies  less  time  in  the  development 
than  in  the  preceding  Paloeozoic  series.  Exception  must  be  made 
in  favor  of  those  forms  in  the  Palaeozoic,  which  crown  series, 
and  which  by  descent  have  gradually  acquired  small  umbilical  per- 
forations ;  but  these  are  by  no  means  numerous  and  are  serviceable 
to  our  hypothesis,  since  they  stand  out  prominently  as  exceptions 
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to  the  common  run  of  palaeozoic  forms.  A  curious  confirmation  of 
this  conclusion  was  found  by  the  author  in  studying  the  develop- 
ment in  time  of  the  inner  or  dorsal  lobe  of  the  sutures.  This  lobe  is, 
as  we  have  said  at  first,  in  most  Silurian  C3'rtoceratite8  and  G}'- 
roceratites,  and  in  the  young  of  the  nautilian  forms  preceded  by  a 
saddle  or  forward  inflection  of  the  dorsal  sutures. 

In  Barrande's  Nautili  of  the  Silurian  there  are  some  with  dorsal 
lobe,  and  in  our  American  species  it  also  occurs  in  company'  with 
the  impressed  zone,  but  in  none  of  these,  though  no  doubt  it  may 
occur  in  veiy  rare  examples,  have  we  found  the  slightest  indica- 
tion of  the  small  median,  dorsal  lobe,  which  we  have  called  the 
annular  lobe.  In  the  true  Nautilidffi  of  the  Devonian,  like  Xejjh- 
riticeras  (XmU,)  bucinwm  Hail,  etc.,  the  dorsal  lobe  acquires  this 
addition  in  the  sha[)e  of  a  median  depression  deepening  the  original 
shallow  outline  into  a  V-shape.  In  the  Triassic  and  Jurassic  forms 
the  edge  of  the  V-shaped  lobe  rises  anteriorly  and  has  a  distinct, 
internal  conical  depression,  the  cone  of  the  dorsal  part  of  the  se[)- 
tum.  In  the  Radiati  the  adult  never  has  the  cone,  but  ma}^  have 
the  lobe  in  the  sutures.  Nautilus,  in  the  adolescent  stage,  has  the 
cone  and  tlie  sutural  V-shaped  lobe  which  I  have  called  the  annular 
lobe,  but  the  cone  is  lost  by  growth,  and  the  annular  lobe  alone  is 
retained  in  the  adult.  In  the  Jura  some  adults  may  retain  the 
cone,  but  most  lose  it  as  in  Nautilus.  In  the  Triassic  forms  all 
seem  to  liave  the  cone  until  a  late  stage,  and  some  certain Ij-  in  the 
adults.  The  annular  lobe  also  changes  its  form  in  the  Jurassic 
species  from  V-shaped  as  in  the  Palaeozoic  to  U-shaped  as  in 
modern  Nautilus. 

In  other  series  of  shells  with  distinct  origins  which  may  be 
traced  in  some  scries  even  more  accurate!}'  and  satisfactorily  than 
in  the  above,  a  similar  succession  of  phenomena  has  been  ob- 
served. Nautilian  shells  in  the  palaeozoic,  until  the  close  of  the 
carboniferous,  are  generally  traceable  to  cyrtoceran  forms  having 
similar  characteristics  of  form,  position  of  siphon,  sutures,  and 
aspect  of  surface ;  and  by  inference  from  these  to  Orthoceratites 
of  different  types. 

The  picture  which  this  presents  is  somewhat  startling  at  first, 
but  we  feel  sure  that  after  an  examination  of  the  facts  naturalisls 
will  at  any  rate  be  disposed  to  respect  our  conclusion,  that  types 
among  Cephalopoda,  and  in  other  branches  of  the  animal  king- 
dom, became  more  quickly  changed  in  the  earlier  stages  of  their 
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evolution  than  subsequently,  and  that  this  quicker  evolution  gave 
the  aspect  of  sudden  creations  to  these  earlier  forms  as  they 
appeared  in  the  palaeozoic  and  a  distinct  character  to  the  pal- 
aeozoic age  as  compared  with  subsequent  ages.  For  example, 
the  highest  type  of  Nautiloidea  is  Snbclymenia,  a  species  with 
ventral  V-shaped  lobe  and  ventral  siphon,  so  like  Goniatites, 
that  it  can  be  separated  onl}-  by  its  j'oung  and  the  gradations  of 
forms  which  connect  it  with  certain  well-known  Nautiloids.  This 
springs  up  suddenly  a  species  by  itself  in  the  Carboniferous,  in 
a  group  which,  altogether,  are  only  of  family  importance  and  are 
direct!}'  traceable  to  arcuate  forms.  Many  cases  like  this  could 
be  cited,  notably  M.  Barrande's  Celceceras  {Gon,)  prcematurum^ 
which  is  a  highly  complicated  goniatite  appearing  before  its  proper 
time  in  an  evolutionary  sense,  and  cited  by  M.  Barrande  as  a  sig- 
nificant fact  against  any  hypothesis  of  progression  in  time.  An 
allied  species  has  the  adolescent  stages  like  the  adults  of  the  Naut- 
ilini  until  nearly  full  grown,  and  then  the  sutures  become  suddenly 
complicated.     This  is  the  well  known  Gon,  hybridus  Munst.^ 

If  any  of  these  tj'pes  occurred  without  their  congeners  in  the 
earliest  Cambrian  we  should  have  a  similar  picture  to  that  pre- 
sented by  the  Ammonoidea  of  these  formations.  These  in  a  few 
cases  present  young  which  have  the  straight  orthoceratitic  char- 
acter ;  these  few  cases  are  purely  varietal  and  in  the  same  species, 
as  shown  by  M.  Barrande,  we  may  have  the  young  with  a  straight 
apex  or  closely  coiled*  Sandberger  and  the  author  have  added  to 
this,  instances  of  varieties  of  other  species  which  are  loosely  coiled 
or  gyroceran  in  form  in  the  Devonian  and  in  the  Carboniferous,  but 
so  rare  that  Branco  was  unable  to  find  a  case,  though  he  examined 
many  embr\'08  in  this  period.  After  the  Carboniferous,  as  shown 
by  Branco  and  the  author,  all  Ammonoids  arc  close  coiled  (unless 
it  is  found  that  the  extreme  degraded  form  of  Baculites  in  some 
cases  becomes  straightened  out  again,  a  not  improbable  anticipa- 
tion). 

The  evidence  of  the  young  of  Agoniatites  {Gon,)  fecimdus  Barr., 
shows  therefore,  that  the  Ammonoidea  had  a  pre- palaeozoic  histoiy 
of  quick  development  from  straight  Orthoceratitic  forms  similar  to 
that  of  the  Subclymenia  and  some  other  forms  of  Nautiloids. 
This  like  the  Centrocerati  (Discites)  Marcellense  of  Hall  had  ventral 

*  We  are  iDformcd  by  Prof.  Zittel  that  MuoBter's  flgni-e  of  this  species  is  erroneous 
and  that  this  comparison  cannot  be  made. 
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lobes  and  ventral  siphons  which  have  led  many  naturalists  into 
the  mistake  of  considering  them  as  prototj-pes  of  Groniatites  or  else 
true  Goniatites.  In  the  Cambrian,  the  Ammonoidca  had  already 
attaineil  a  stage  of  evolution  which  was  not  reached  by  the  Naati- 
loidea  until  after  the  expiration  of  the  Palieozoic. 

There  are  sufficient  remnants  of  the  earlier  transition  forms 
left  in  the  Sihirian  to  demonstrate  the  former  connection  of  the 
Ammonoids  and  tlie  Nautiloids.  There  is  one  group  of  slender 
whorled  forms  like  Bactrites  (OrtJi.)  pletirotomum  Barr.,  Sj-st.  Sil., 
pi.  296,  and  otliers  on  pi.  297,  which  by  their  striae  of  growth, 
their  long  funnels  and  the  positions  of  the  siphon  which  varies 
from  the  centre  to  near  the  vcntrum,  show  close  affinities  with 
t3*pical  Bactrites.  This  last  has  sutures  which  in  some  cases  are 
deeply  arcuate  and  have  both  dorsal  and  ventral  saddles,  with  lat- 
erally compressed  elliptical  whorls.  This  same  form  is  repeated 
in  the  coiled  whorls  of  Mimoceras  (Gon.)  ambigena  Barr.,  and  com- 
pressus  Beyr.,  in  both  of  which  also  the  whorls,  though  often  touch- 
ing, are  truly  gyroceran.  The}"  have  no  impressed  dorsal  zone,  and 
the  sutures  are  precisely  similar  to  the  arcuate  sutures  of  Bac- 
trites. Mimoceras  is  not  in  any  sense  a  true  Ammonoid,  except 
in  the  embryo,  which  has  the  protoconch  as  in  that  order.  It  is 
evident,  therefore,  that  these  Goniatites  were  not  derived  from 
Bactrites  in  the  Silurian.  The  same  form  of  protoconch  may  be 
found  in  Bactrites,  but,  so  far  as  known,  Bactrites  is  a  true  ]Saa- 
tiloid  in  its  earliest  stage  and  sheds  the  protoconch.  The  facts 
then  are  only  sufficient  to  identify  them  as  the  remnants  of  transi- 
tional series  which  were  once  united  in  some  slender  form  of  tubu- 
lar siphoned  straight  cones  existing  before  the  Cambrian. 

The  Goniatites  mentioned  lead  directly  into  the  true  Nautilian 
forms  of  the  Nautilinidse  whose  transitions  into  the  true  Gonia- 
tites of  the  Devonian  are  b}'  insensible  gradations.  Interesting 
as  these  are,  we  have  no  space  for  their  consideration ;  we  have 
given  them  in  the  Proc.  Bost.  Soc.  Nat.  Hist.,  v,  22,  p.  303.  This 
evidence  is,  however,  sufficient  to  justify  us  in  attributing  the  ori- 
gin of  the  Goniatites  to  a  series  which  began  with  a  straight  form 
and  passed  through  in  its  evolution  the  arcuate,  gyroceran  and  fi- 
nally arrived  at  the  nautilian  stage.  The  Ammonoidca  in  the  Cam- 
brian are  like  the  Nautiloidea  in  the  Trias  after  the  expiration  of 
the  Palaeozoic  and  like  them  possess,  with  the  exception  of  the 
few  forms  mentioned,  exclusively  nautilian  shells.    These  shells 
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also  as  we  have  stated  being  very  close  coiled  with  an  impressed 
dorsum  and  dorsal  lobe  and  possessing  a  slight  depression  on  either 
side  of  the  protoconch  which  is  a  remnant  of  the  umbilical  perfor- 
ation. In  this  respect  they  are  even  more  highly  differentiated 
than  the  Nautiloidea  of  the  Trias.  The  annular  lobe  also  appears, 
first  only  in  Agoniatites  tabuloides  sp.  Barr.  of  the  Silurian  and 
becomes  general  only  in  Devonian  forms.  Thus  the  type  of  the 
Ammonoidea  shows  decisive  gradations  in  differentiation  of  im- 
portant structural  characteristics  and  forms  a  single  series  parallel 
to  one  of  the  series  of  the  Nautiloidea  and  therefore  must  have 
evolved  with  great  comparative  rapidity. 

Instead  of  many  series  springing  off  on  all  sides  from  a  com- 
mon type  as  do  the  families  of  the  Nautiloidea  from  Orthoceras, 
there  seems  to  have  been  but  one  evolving  directly  from  Orthoceras 
which  develops  similar  forms  and  structures,  but  these  becoming 
at  once  the  radicals  of  still  higher  differentiations  without  passing 
through  the  preparatory  stages  which  endure  throughout  the  Palae- 
ozoic among  Nautiloids.  Pathological  and  uncoiled  forms  occur 
in  limited  localities  in  later  formations  up  to  the  end  of  the  Jura 
and  then  the  whole  type  retrogrades.  As  shown  by  Neumayer  the 
normal  forms  have  simpler  sutures  and  the  uncoiled  types  also  be- 
come more  numerous  and  general  and  the  whole  type  ceases  with 
the  termination  of  the  Cretaceous. 

During  the  Paheozoic,  the  Ammonoidea  present  an  intermediate 
character  in  their  mode  of  evolution.  The  types  produced  all 
have  nautilian  shells,  but  the  genera  are  distinguished  from  each 
other  by  essential  differences  of  the  internal  organs  and  sutures, 
and  some  groups  like  the  Clymeninse  present  wi  Je  departures  from 
the  normal  outlines  of  the  sutures,  and  the  siphon  itself  in  the 
last  is  displaced,  being  near  the  dorsum  instead  of  ventral,  as  in 
all  other  Ammonoids.  That  Clymenia  is  an  Ammonoid  is  now 
unquestionable,  Branco  having  shown  that  the  young  were  am- 
monoidal,  and  the  author  having  confirmed  this  easily  verifiable  fact. 

In  the  Trias  such  essential  and  wide  structural  differences  begin 
to  disappear  and  in  the  Jurassic  we  are  presented  with  an  almost  ho- 
mogeneous group  which  naturalists,  until  a  ver}'^  late  date,  have  in- 
sisted upon  including  in  one  genus.  This  error  is  now,  however, 
being  widely  con-ected,  but  the  differences  of  generic  importance  are 
not  such  decisive  structural  distinctions  as  are  observed  between 
genera  of  Palaeozoic  Goniatites.      The  sutures  are  much  more 


336  SECTION  F. 

homogeneous  in  Jurassic  forms,  and  we  have  to  rely  to  a  great  ex- 
tent upon  the  ornamentation  of  the  whorls  and  the  less  important 
differences  shown  by  the  digitations  of  the  snturcs,  etc. 

Both  the  Belemnoidea  and  Sepioidea  confirm  these  conclusions, 
the  facts  pointing  in  each  of  these  to  an  independent  derivation  from 
distinct  tyi^es  of  Orthoccratites,  the  former  from  tlie  tnie  Orthoceras, 
and  the  latter  from  the  flattened  forms  of  which  Gonioceras  is  the 
nearest  in  affinity  now  known. 

The  truncated  shells  of  Orthoceras  have  been  described  by  Bar- 
rande  ;  and  the  plug  wliich  fills  up  and  rounds  off  the  broken  apex, 
accounted  for  as  an  external  product  due  probably  to  the  action 
of  two  arms  which  lie  supposed  stretched  out  [posteriorly  from  tlie 
aperture  as  in  Argonauta  and  embracing  the  whole  shell  and  ex- 
tending even  beyond  the  broken  end  filled  it  up  by  successive 
deposits  of  carbonate  of  lime.  We  have  also  studied  this  struct- 
ure and  can  confirm  M.  Barrande's  observation,  and  the  conclu- 
sion that  the  plug  is  an  external  product  with  a  peculiar  bilateral 
structure,  but  that  it  was  deposited  by  two  arms  extending  back- 
wards we  do  not  regard  as  probable.  The  markings  indicate  that 
at  the  truncated  apex  the  layers  were  laid  on  by  an  organ  which 
was  certainly  double  at  the  end,  but  not  necessarily  double  all  the 
way  up  to  the  aperture.  The  body  of  the  whorl  in  Orthoceras 
does  not  have  any  prolongations  of  the  ventral  and  dorsal  furrows 
of  the  plug,  nor  are  there  any  longitudinal  rows  of  spines  or  far- 
rows, as  in  Argonauta,  indicating  the  presence  of  two  arms,  cap- 
able of  secreting  shells,  nor  does  the  apei'ture  with  its  entire  outline 
give  strong  support  to  this  proposition. 

We  think  it  is  possible  to  strike  nearer  home  in  homology ;  the 
fold  of  the  mantle  in  Nautilus  satisfies  the  conditions.  This  is  an 
active  shell-secreting  organ,  which  was  certainly  present  and  also 
functionally^  active  in  the  Ammonoidea  and  Nautiloids,  and  pro- 
bably more  important  in  these  ancient  forms  than  it  is  now  in  the 
modern  Nautilus.  This  is  also  more  consistent  with  the  explana- 
tion of  the  structure  of  the  Belemnoid,  which,  as  is  easily  seen 
in  the  famous  examples  of  the  preserved  animal,  had  no  such  pair 
of  enlarged  arms,  and  yet  deposited  externally  a  solid  covering, 
the  guard,  which  is  in  our  opinion  the  homologue  of  the  solid  filling 
of  the  truncated  end  of  Orthoceras.  Branco  in  his  admirable  paper 
on  the  structure  of  the  curious  Triassic  Belemnoid,  Aulacoceras, 
shows  that  the  secre^ting  organ  of  the  guard  must  have  been  open 
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und  proves  it  by  his  drawings  of  masses  of  foreign  matter  included 
in  the  layers  of  the  guard.  This  and  the  channel  which  runs  along 
the  ventral  side  in  the  guard  and  is  often  single,  and  generally 
more  i)ersistent  and  longer  than  the  dorsal  channel  favor  this  view 
of  the  homologies.  Quenstedt  and  Yon  Jhering  have  both  traced 
the  Belcmnoids  to  Orthoceras,  and  this  opinion  supports  their  views 
and  accounts  for  the  preservation  of  the  protoconch,  both  as 
a  useful  organ  containing  the  si  phonal  ccBCum  in  its  neck  and 
because  of  the  protective  guard  built  up  around  it  at  an  early 
stage  of  growth.  The  tracing  of  Beleranoidea  back  to  Orthoce- 
ras accounts  for  the  dorsal  and  ventral  channels,  both  of  which 
are  present  in  the  plug  of  the  truncated  Orthoceras.  It  also  per- 
mits us  to  explain  the  central  hollow  trace  or  tube  in  the  guard  of 
the  Belemnoid,  as  the  homologuc  of  a  similar  hollow  trace  or 
tube,  the  psendo  siphuncle  which  invariably  occupies  the  centre  of 
the  plug  in  truncated  Orthoceratites,  and  has  not  been  heretofore 
accounted  for.  The  Belemnoids  are  nearer  to  the  Nautiloids 
in  the  Trias  than  any  of  the  later  periods,  since  Aulacoceras  is  in 
some  measure  an  intermediate  type  with  a  less  perfect  guard  than 
that  of  the  typical  Belemnoids  so  abundant  in  later  formations. 
The  Sepioids  are  usually  joined  with  the  Belemnoids,  as  a  closely 
approximated  type,  and  this  conclusion  is  cairied  out  in  a  very  gen- 
eral way  by  geological  evidences.  There  is  a  well  defined  palaeo- 
zoic group  of  Orthoceratites,  in  which  the  transverse  section  of 
the  whorl  is  fusiform,  Eudoceras  of  Hall ;  these  grade  into  Gonl- 
oceras,  a  flattened  shell  with  wide  acute,  lateral  expansions  like 
those  of  the  shell  in  fossil  Sepioids.  One  example  in  Professor 
Hairs  collection  is  so  remarkably  similar  to  the  dorsum  of  the 
common  Sepia  shell  in  shape  and  lines  of  growth,  that  it  would 
have  certainly  misled  the  author,  if  the  dorsal  aspect  alone  had 
been  visible.  The  sutures  luckily  prevented  this  mistake,  but 
even  they  have  a  peculiar  curvature  not  found  in  any  type  of  Nau- 
tiloid,  and  yet  agreeing  remotely  with  the  equally  peculiar  curva- 
ture of  the  layers  of  the  internal  filling,  of  calcareous,  spongy 
matter,  which  is  a. notable  characteristic  of  the  Sepia. shell.  If 
these  are  transformed  homologues  of  the  septa,  and  we  think  they 
are,  there  is  reason  for  associating  the  Sepioidea  and  Goniocerati- 
dfle,  just  as  we  above  associated  the  truncated  Orthoceratites  and 
the  Belemnoidea,  though  the  series  is  by  no  means  as  perfect. 
The  Sepioidea  are,  however,  a  more  highly  concentrated  type 
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rapidly  parting  with  the  adult  ancestral  characteristics,  and  also 
the  protoconoh ;  i-edacing  the  shell  on  the  ventram  to  a  narrow 
band  and  altering  the  septa  to  a  series  of  continuous  deposits, 
and  finally  in  the  existing  Loligine,  fusing  the  primitive  shell- 
gland  and  shell-sac,  and  in  the  Octopods  the  shell  finally  altogether 
disappears. 

Whatever  is  the  fate  of  this  opinion,  the  Sepioids  do  not  di- 
rectly approximate  to  the  Belemnoids  in  past  times,  but  are  di^ 
tinct  and  originated  from  the  Orthoceratites.  The  absence  of 
the  external  shell  or  protoconch  in  the  3'oung  of  the  existing 
Sepioids  and  Octopods  and  the  generation  and  final  destruction 
first  of  the  septa  and  then  of  the  shell  can  be  accounted  for  as  doe 
to  their  great  differences  of  habitat  and  to  the  action  of  the  law 
of  concentration  iu  their  development. 

This  position  is  also  supported  by  Lankester's  observations  on 
the  embryology  of  the  Sepioidea,  in  which  the  pen  sack  of  the 
mantle  in  Loligo  is  accounted  for  as  a  secondary  formation  and 
not  the  primitive  shell-gland,  but  is  nevertheless  supposed  by  him 
to  have  become  confluent  with  the  true  shell-gland.  The  remark- 
able embryological  insight  which  prompted  his  view  and  led  him 
to  refer  to  the  sac  as  probably  due  to  the  ti'ansformations  occur- 
ring in  the  Belemnite,  is  exactly  fulfilled  by  Aulacoceras,  and  sus- 
tains this  hypothesis.  Thus  when  we  meet  with  an  internal  shell  in 
the  animals  of  the  group  Sepioidca,  we  must  imagine  the  shell  as 
still  enclosed  in  the  hood,  although  the  edges  of  the  once  opened 
sac  formed  by  the  hood  have  become  permanently  united.  Fusion 
with  the  primitive  shell-gland  would  follow  naturally  the  inclusion 
of  the  shell  of  Aulacoceras  and  Belemnites  in  a  fiap  or  hood-like 
prolongation  of  the  mantle  forming  a  pen-sac.  The  union  of  this 
sac  with  the  primitive  shell-gland  is  a  natural  sequence,  which  fol- 
lows from  the  law  of  concentration  in  development  as  soon  as  the 
inheritance  of  the  shell-sao  and  its  tendency  to  close  became  fixed  in 
the  adult  structure  and  inheritable  by  the  embryo  of  Sepioidea. 

If  this  be  true,  all  the  types  of  the  Cephalopoda  probably  origi- 
nated in  the  Palaeozoic,  and  our  conclusions  accord  with  those  of 
Barrande  among  various  types  of  invertebrates,  and  other  authors, 
notably  Alexander  Agassiz  among  Echinoderms.  In  fact  the 
vertebrata  alone  present  several  distinct  types,  possibly  of  Meso- 
zoic  origin,  and  these  are  by  no  means  certainly  of  that  date  in  all 
cases,  and  there  are  only  comparatively  few  types  of  the  inverte- 
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brata  wbicb  cannot  be  easily  proved  to  bave  originated  in  or  be- 
fore  that  age.  The  tendency  of  modern  discovery  has  been  to 
carry  back  the  origin  of  types  to  more  and  more  ancient  dates. 
Thus  we  find  Cope  claiming  among  his  remarkable  Dyassic  (Per- 
mian) reptiles  that  the  Theromorpha  are  not  only  the  radicals 
of  the  Reptilia  but  also  combine  characteristics  of  the  Batrachia 
and  Mammalia,  especiall}'  the  Monotremata,  and  finally  that  the 
vertebrae  are  amphiccelian  and  distinctly  notochordal. 

The  palaeozoic,  therefore,  presents  itself  to  us  as  essentiall}'  the 
birthplace  of  types,  and  at  the  same  time  as  the  age  during 
vhich  great  structural  differences  originated  with  a  rapidity 
equalled  but  rarelj^  in  later  times. 

The  pre-palseozoic  is  unknown,  but  the  inference  holds  for  this 
age  also,  and  there  is  great  probability,  that  in  this  period  the 
evolution  of  forms  was  proportionally  quicker.  This  view  is  not 
affected  by  the  theory  of  the  alternation  of  continents  in  order  to 
account  for  the  accumulation  of  sediments,  and  provide  homes  for 
the  evolution  of  types  before  they  make  their  appearance  in  the 
known  formations  of  this  or  other  continents.  It  is  simply  as  we 
have  tried  to  show  an  inference  drawn  from  the  positive  data  of 
the  series  studied,  and  consequently  applies  to  the  phenomena 
of  evolution  in  every  location. 

In  the  Cambrian,  as  is  now  well  known  through  the  labors  of 
several  palaeontologists,  the  advent  of  t3'pes  is  sudden,  and  they 
are  in  themselves  numerous,  but  in  our  experience  the  same  law 
holds  for  succeeding  periods.  If  we  select  the  formations  in 
which  forms  appear,  we  usually  find  them  spreading  out  with 
wonderful  rapidity,  sometimes  without  any  apparent  precursors, 
and  sometimes  with  radical  forms  immediately  preceding  their 
appearance.  Our  impression  derived  from  the  minuter  study  of 
series  among  Cephalopoda  is  not  that  the  evolution  of  groups  was 
slow,  but  on  the  contrary  excessively  rapid,  and  that  the  groups, 
If  presented  graphically,  would  form  fan-shaped  figures  instead  of 
long  branches. 

A  notable  and  well  known  example  is  the  descent  of  the  larger 
number  of  the  Liassic  Ammonites,  the  Arietidae  from  PsUoceras 
planorbUj  a  fact  established  by  the  observations  of  Qnenstedt  and 
confirmed  by  the  subsequent  experience  of  several  authors  and  the 
special  investigations  of  the  writer.  The  family  radical  is  here 
one  species  closely  approximate  in  time  to  the  family  itself,  which 
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is  composed  of  several  distinct  genera  and  different  series  of  more 
complicated  forms.  These  must  have  spread  out  with  great  ra- 
pidity in  the  successive  faunas  of  tlie  Lower  Lias.  The  same  is 
true  of  the  larger  number  of  all  groups. 

The  inference,  therefore,  is,  that  types  near  their  point  of  ori- 
gin are  more  plastic  and  more  easily  changed  by  the  forces  acting 
upon  their  generalized  structures. 

If  we  adopt  the  hypotiiesis  that  habits  forced  upon  the  animal 
by  the  habitat  arc  the  principal  means  of  modification,  and  lay 
aside  the  teleological  notion  that  every  change  must  in  some  sense 
be  an  a<lvantageous  difference  requiring  long  periods  of  time  for 
the  action  of  natural  selection,  the  law  of  battle  and  the  survival 
of  the  strongest,  etc.,  we  can  understand  the  origin  of  the  orders 
of  Cepha]oix>da  and  the  curious  phenomenon  of  the  quick  evolution 
of  their  succesi^ivc  forms. 

Thus  the  Tetrabranchiata  are  crawlers  and  leapers,  and  bat 
rarely  swimmers.  Their  shells  show  this  in  the  forms  of  the  ap- 
ertures and  outlines  of  their  whorls.  The  ventral  sinus  in  the 
aperture,  when  large,  indicates  that  the  animal  possessed  a  well- 
deveIoi)ed  ambulatory  organ,  the  so-called  fleshy  siphon  or  funnel 
of  recent  Nautilus  and  of  the  Sepioidea.  When  this  is  moderately 
developed  and  the  aperture  open,  we  can  be  quite  sure  that  the 
animal  was  furnished  with  ix>werful  arms  for  supi)orting  the  shell, 
and  was  a  crawler  mainly.  Such  were  the  straight  shells  with- 
out exception,  and  most  of  the  C^^'toceran  forms,  the  young  of 
the  Nautiloids  with  coiled  shells,  and  the  open  apertured  adalts 
of  the  same :  that  is,  by  far  the  larger  number  of  all  the  Nauti- 
loidea. 

When  the  aperture  was  contracted  so  as  to  present  nnusnal  de- 
velopment of  the  ventral  sinus  through  which  the  ambulatory 
tube  was  extruded  and  a  narrow  aperture  across  the  centre,  but 
at  the  same  time  a  broad  opening  for  the  extension  of  dorsal 
arms,  tlie  inference  is  quite  reasonable  that  we  have  to  deal  with 
the  remains  of  a  powerful  swimmer,  and  that  the  animal  was  per- 
haps capable  of  crawling,  but  certainly  not  so  well  fitted  to  hold 
the  shell  in  an  ut)right  position  as  the  open  apertured  t3'pes.  The 
Gomphoceratites  and  Phramoceratites  have  this  description  of 
aperture,  the  T-shaped. 

Wlien,  as  in  Mesoceras  and  our  American  Billingsites,  the  aper- 
ture is  contracted  abdomino-dorsally,  and  elongated  transversely* 
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fbrining  a  dnmb-belMike  outline,  and  nil  traces  of  the  ventral  sinus 
have  disappeared  and  the  shells  are  habitually  truncated,  we  should 
Infer  that  the  animal  must  have  been  some  sort  of  a  climber  or 
dinger,  perhaps  to  the  stems  of  plants,  or  other  animals,  but  could 
not  have  been  a  ready  crawler  or  a  good  swimmer. 

Among  the  Ammonoidea  we  find  also  a  variety  of  apertural 
modifications,  which  arc  interesting,  but  for  the  most  part  these 
were  open  apertured.  Many  of  the  Goniatites  of  the  Paljeozoic 
possessed  the  ventral  sinus  large,  and  stride  of  growth  similar  in 
curvature  to  the  Nautiloids,  showing  them  to  have  had  similar 
habits,  but  in  the  Ammonitinse  of  the  Mesozoic  we  find  a  signifi- 
cant change.  The  rostrum  appears,  and  the  siphon  as  an  ambu- 
lator}' organ  must  have  almost  wholly  disappeared,  leading  us, 
almost,  to  the  unavoidable  conclusion  that  they  were  more  eon- 
fined  to  a  crawling  littoral  life  than  any  of  their  ancestral  Paleo- 
zoic foiins. 

Finally,  in  the  shepherd's  crook  of  the  living  chamber  of  the 
Cretaceous  Anc^^loceras,  one  of  the  degraded  forms  above  alluded 
to,  wc  find  an  aperture  turned  in  upon  itself,. having  no  signs  of 
any  ambulatory  powers  whatever  ;  in  fact,  we  can  imagine  noway 
ih  which  this  creature  could  have  progressed  with  comfortable 
celeritj'.  We  can  only  imagine  it  as  stationary,  either  as  buried 
witii  the  coiled  end  in  the  mud  and  cleaning  the  surrounding  space 
for  a  living,  or  else  hanging  among  plants  with  the  mouth  upwards 
and  catching  what  was  brought  by  the  current  within  reach. 

A  curious  verification  of  these  views  exists  in  Argonauta,  one  of 
the  naked  Octopods.  The  egg  case  of  the  female  is  not  a  true  shell, 
t.  c,  it  does  not  arise  at  the  start  in  a  shell-gland,  but  is  a  second- 
ary' product  of  the  arms  and  mantle.  Nevertheless,  it  occupies  the 
position  and  has  the  same  relations  to  the  body  as  the  true  shell 
of  Nautilus,  and  is  a  hard  unyielding  case  composed  of  layers  of 
calcareous  matter,  and  the  opinions  we  have  advanced  above  would 
certainly  be  seriously  shaken  if  it  did  not  resemble  the  shell  of 
Nautilus.  It  belongs  to  an  animal  having  a  large  ambulatory  tube 
and  a  good  swimmer,  and  it  has  consequently  exactly  the  struc- 
ture that  we  should  expect  under  these  circumstances.  The  form 
is  similar  to  Nautilus  and  Goniatites,  having  a  large  ventral  sinus 
and  striiB  of  growth  with  similar  curvature,  but  the  microscopical 
structure  perfectly  distinct  and  indicative  of  its  independent  origin. 

The  guard  of  the  Belemnoidea,  which  we  regard  as  the  further 
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development  of  the  plug  of  the  Orthoceras,  is  a  weighty  solid  hnr 
and  in  a  cylindrical  body,  such  as  these  animals  are  known  to  have 
had,  could  not  have  aided  them  in  floating.  That  it  could  have, 
as  supposed  by  some  palaeontologists,  been  of  use  like  the  pen 
of  Loligo,  as  a  sort  of  spring  in  the  back,  to  help  them  sustain 
the  frequent  shocks  against  solid  objects  in  their  backward  leaps, 
is  highly  improbable.  Nature  never  takes  the  equivalent  of  a  stiff 
iron  bar  for  such  uses,  unless  it  is  external,  and  there  is  a  pro- 
tective cushion  of  flesh  next  the  animal.  The  only  inference  here 
seems  to  be,  that  the  animal  of  the  Belemnoidea  was  a  ground 
swimmer  and  lca[)cr,  and  the  guard  was  used  to  keep  it  on  the 
bottom,  or  else  as  an  aid  to  bore  into  the  mad,  or  for  some  similar 
purposes. 

The  ground  habitat  is  intermediate  in  character  between  the  sur- 
face swimming  habitat  of  the  Sepioidea,  and  the  crawling  habitat  of 
the  Orthoceras.  According  to  our  hypothesis  the  stroctore  of 
Belemnoids  also  should  be  intermediate  between  these  two  types. 
It  follows  also  that  this  intermediate  structure  might  occur  inde* 
pendently  in  the  Belemnoidea,  and  that  they  were  not,  as  their 
structure  seems  to  imply,  transition  t^^pes  between  the  Sepioids  and 
Orthoceras.  All  palaeontologists  have  noticed  the  retention  of  the 
shell,  which,  though  internal,  still  resembles  closely  that  of  Ortho- 
ceras, and  this  alone  is  suflScient,  even  if  it  is  not  admitted  that 
the  guard  is  the  homologue  of  the  plug  in  Orthoceras,  to  prove  oar 
statement,  and  separate  them  from  the  Sepioidea.  Spirulirostra 
of  the  Tertiary  in  which  the  guard  is  much  reduced  was  probably 
a  free  swimmer  and  Spirula  in  which  the  guard  was  wholly  lost 
appears  from  the  disk  on  the  end  of  the  mantle  to  have  been,  as 
first  stated  by  Rumphius,  an  animal  capable  of  attaching  itself  either 
to  floating  objects  or  otiier  animals. 

The  Sepioidea  are,  for  the  most  part,  expert  swimmers,  and  the 
loss  of  the  shell  b}'  the  later  forms  occurs  in  accordance  with  this 
hypothesis.  It  first  becomes  an  open  shell,  with  only  the  dorsal  side 
preserved  in  the  adults,  at  the  same  time  the  siphon  being  lost, 
and  the  septa  changing  into  a  light  porous  mass  in  the  interior; 
and  last!}',  in  the  Octopods,  it  is  wholly  lost. 

Characteristics  are  divisible,  according  to  our  observations,  into 
two  categories,  which  have,  heretofore,  except  by  a  few  writei's, 
not  been  separated.  They  are  however  widely  separated  in  thcur 
histor}',  in  the  same  or  different  types. 
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We  have  ah^eady  alluded  to  the  independent  production  of  the 
arcuate,  gyroceran  and  nautilian  forms  and  of  the  dorsal,  annular 
and  ventral  lobes,  and  ventral  siphon  in  several  types  of  Nautil- 
oids,  and  in  the  earlier  Ammonoids.  We  have  now  to  call  at- 
tention to  the  fact  that  in  each  case  these  peculiarities  could  not 
have  been  inherited  from  the  radical  type  Orthoceras,  since  they 
do  not  exist  actually  in  this  form  any  moi'e  than  the  adult  bird 
or  mammal  exists  in  the  cell  which  becomes  an  egg^  or  the  egg  which 
beoomes  an  adult  by  growth.  The  transformations  presented  by 
each  distinct  series,  however,  are  precisely  parallel  and  possess  the 
same  aspect  of  inevitable  sequence  which  is  observable  in  the  de- 
velopment of  eggs  into  adults  of  the  same  species.  Thus  in  the 
nautilian  shells  of  the  Mesozoic,  whether  Nautiloids  or  Ammo- 
noids, if  we  study  the  smaller  families  and  divisions  within  each 
order,  we  can  show  definitely  that  the  lower  or  radical  ancestral 
shells  are  almost  invariably  discoidal  and  that  they  become  pro- 
gressively more  and  more  involute  in  the  progressive  series. 

These  facts  and  those  previously  noted  with  regard  to  the  devel- 
opment of  the  nautilian  coiled  shell  independently  in  each  series, 
notwithstanding  the  separate  origin  of  these  genetic  series  in  cor- 
responding but  distinct  orthoceran  forms,  are  of  the  same  class  of 
phenomena  and  in  the  same  line,  greater  involution  being  simply 
closer  coiling.  We  have  then  perfect  confidence  in  declaring  that, 
given  the  form  of  shell,  whether  straight,  arcuate  or  coiled,  with 
which  a  series  may  begin,  if  a  progressive  series  it  will  necessarily 
pi*oduce  in  succession  more  arcuate,  then  loose  coiled  or  gyroceran, 
then  close  coiled  or  nautilian,  and  finally  more  and  more  closely 
coiled  or  involute  shells  wherever  it  occurs  without  reference  to  lo- 
cality, or  the  formation  in  time.  That  the  structure  progresses  in 
the  same  ratio  with  the  coiling  has  been  demon8trate<l  by  several 
writers  beginning  with  Von  Buch. 

There  are  however,  as  is  well  known,  species  of  Nautiloids  and 
Ammonoids  which  become  uncoiled.  These  forms  are  close  coiled 
in  their  young  and  show  conclusively^  by  this  peculiarity  and  the 
history  of  their  adult  gradations  that  they  are  descended  from 
close  coiled  or  nautilian  forms.  They  are  degraded  forms  and  this 
can  be  proved  not  only  directly  by  their  gradations  and  develop- 
ment, but  indirectly  by  comparing  their  forms,  sutures,  etc., 
with  the  transformations  taking  place  in  the  old  age  of  normal  nau- 
tiliao  shells.    There  is  the  same  inevitable  sequence  in  their  evolu- 
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lion  of  form,  but  we  must  begin  with  a  higher  form  instead  of  a 
lower  one  and  in  most  series  we  have  to  start  with  a  nautilian  shell 
and  say  tliat  in  a  retrogressive  series  it  will  inevitablj  evolve  in 
course  of  linie  through  the  more  and  more  uncoiled  forms  and  finally 
end  in  a  straight  form. 

The  parallel  series  of  forms  occur  only^  in  t^'pes  having  similat 
habitats  and  habits  ;  they  are  independent  of  locality  and  time,  but 
not  of  the  more  general  physical  requirements  of  the  habitat.  Tbev 
are  equally  strong  between  the  Silurian  and  Mesozoic  and  modem 
Nautiloids,  and  it  is  from  not  understanding  this  close  represent  a* 
tion  in  distinct  genetic  series,  that  has  led  Barrande  and  oti>ers  into 
erroneous  statements  with  regard  to  the  close  aflSnities  of  the  mod- 
ern and  the  Cambrian  Nautiloidea,  which  are  purely  representsr 
tive  forms,  essentially  distinct  in  structure  and  derivation,  aod 
their  resemblances  independent  of  heredity.  No  parallelisms  occur 
between  types  in  different  orders  having  distinct  habitats.  There 
are  no  parallelisms  or  independent  reproductions  of  similar  forms 
in  different  genetic  series  between  the  Belemnoidea  and  Nantiloidea 
or  Ammouoidca,  as  there  are  between  the  last  two  when  compared 
with  each  other.  The  two  swimming  types,  however,  Belemnoidea 
and  Sepioidea,  present  parallelisms  of  a  similar  kind  and  a  succes- 
sion of  forms  which  can  be  closely  compai-ed. 

Representative  forms  and  characteristics  ap[>ear  to  us  therefore 
as  direct  products  of  similar  general  i*equirements  of  the  habitat 
acting  upon  a  radical,  or  common  organization. 

The  differential  characteristics  are  quite  distinct  in  behavior. 
The  old  idea  that  Amnionoids  ma}'  be  distinguished  fix>m  Xantil- 
oids  by  the  ventral  siphon  and  ventral  lobe  requires  modification. 
As  a  rule  it  is  tnie  ;  but  as  we  have  stated,  and  all  paleontologists 
know,  there  are  exceptions.     The  constant  difference  consists  in 
the  fact  that  the  siphon  never  breaks  the  outline  of  the  suture  of 
the  ventral  lobe  in  Nantiloidea,  whereaa  in  the  Ammonoidea  the 
nearness  of  the  siphon  to  tlic  ventrum  causes  a  slight  saddle  in  the 
suture,  the  siphonal  saddle.     In  descendant  forms  this  saddle  re- 
mains as  a  constant  characteristic  and  is  found  in  the  young  at  an 
early  stage  and  even  independent  of  the  nearness  of  the  siphon  to 
venter.     In  the  Ammonoids,  also,   the  so-called  inverted  funnel 
of  the  siphon  appears.  This,  according  to  our  observations,  is  an  ad- 
ditional part  or  siphonal  collar  and  exists  in  some  forms  of  Gonia- 
tites  with  the  funnel  below.    It  arises  at  first  in  our  opinion  from 
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the  passage  of  the  siphon  through  the  ventral  suture  and  then  be- 
comes fixed  in  the  organization  in  the  same  way  as  the  siphonal 
saddle  in  the  sutures.  They  are  in  our  eyes  both  accounted  for  as 
purely  mechanical  results,  but  being  once  established  the  conserva- 
tive tendencies  of  heredity  perpetuate  them  independently  of  each 
other.  Nothoceras  among  Nautiloids  has  the  funnel  actually  re- 
versed according  to  Barrande,  but  this  must  not  be  confused  with  the 
collar  above  described,  which  has  a  distinct  relation  to  the  siphon,  as 
is  easily  demonstrated  by  the  microscope. 

These  differences  are  begun  and  maintained  in  all  the  progres- 
sive forms,  and  are  not  repeated  in  the  Nautiloidea ;  so  also  is  the 
division  of  the  lobes  of  the  sutures  by  marginal  lobes  and  saddles, 
and  other  differences  in  smaller  series  are  manifested  in  the  same 
way. 

We  are  perfectly  willing  to  admit,  that  in  this  class  of  charac- 
teristics the  Darwinian  hypothesis  receives  the  fullest  confirmation. 
They  arc  variable  and  transient  often  when  first  introduced  and 
seem  in  every  way  to  indicate  the  action  of  natural  selection  :  that 
is,  in  our  way  of  stating  this  law,  as  essentially  the  action  and  re- 
iaction  of  the  animals  one  upon  another.  In  the  determinate  suc- 
cession of  the  representative  characteristics,  however,  we  can  see 
only  the  action  of  the  purely  physical  selection  of  the  surroundings, 
and  think  they  show  tliat  a  wide  distinction  is  to  be  made  between 
the  purely  mechanical  mode  of  producing  modifications,  physical 
selection,  and  the  action  and  reaction  of  organisms  upon  each  other, 
or  natural  selection. 

All  of  the  above  remarks  relate  entirely  to  the  subsequent  his- 
tory of  characteristics  after  they  have  originated,  and  not  to  their 
origin.  We  have  been  able  to  find  no  indications  of  a  difference 
in  origin  between  characteristics.  To  us  they  all  appear  in  obedi- 
ence to  purely  physical  selection  or  action  of  the  surroundings 
upon  the  habits  of  the  animals,  and  to  this  we  have  been  able  to 
find  no  objections  in  the  facts  themselves  which  have  not  been  dis- 
sipated by  subsequent  stud}-. 

This  impression  has  become  so  strong  and  the  facts  we  think  so 
convincing  as  to  permit  formulation.  They  have  led  us  to  regard  all 
characteristics  as  probably  indirect  or  direct  responses  to  external 
stimulation,  as  structural  equivalents  of  the  requirements  of  the 
surroundings. 

It  is  impossible  here  to  make  any  statements  adequately  sup- 
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porting  this  view,  but  we  can  fortunately  refer  to  two  writers  who 
have  arrived  at  very  similar  conclusions.  Dr.  Dorhn  has  dia* 
covered  one  of  the  most  important  laws  of  change  yet  formnlated ; 
namely,  that  organs  possess  latent  capacities  for  the  performance  of 
other  functions  than  those  for  which  they  are  immediately  used. 
Thus  any  change  of  habit  may  bring  about  the  development  of  these 
latent  capacities,  which  reacting  upon  the  organ  may  entirely 
change  its  structure.  Our  researches  lead  us  to  adopt  this  view  and 
it  seems  to  us  to  throw  light  upon  the  whole  question  of  the  re- 
lation of  the  Orthoceratites  and  their  descendant  orders. 

John  A.  Ryder  has  originated  the  theory  of  the  mechanical  gen- 
esis of  tooth  forms  from  the  direct  action  of  strains  in  using 
the  teeth  upon  certain  kinds  of  food,  perhaps  the  best  illustration 
of  the  modern  view  of  mechanical  theory  of  evolution,  which  has  as 
yet  been  published.  This  writer  also  uses  the  term  mechanical  ev- 
olution in  the  same  sense  that  we  do,  and  evidently  regards  animal 
reactions  or  effort  as  an  important  factor  in  the  origin  of  charac- 
teristics. 

We  find  it  impossible  to  separate  now  the  work  of  Prof.  Cope 
and  Mr.  Ryder  clearly  from  each  other,  or  our  own  work  from  that  of 
either  of  these  gentlemen.  All  we  can  say  is,  that  if  we  have  appro- 
priated any  of  their  ideas  without  proper  credit,  it  is  because  we 
have  worked  them  out  indc[>endently,  and  if  they  serve  to  confirm 
their  opinions  we  shall  be  most  happy  to  make  due  restitution. 

Prof.  Cope  also  has  insisted  upon  the  necessity  of  bringing  in 
the  action  of  the  organism  as  an  important  factor  and  regards  the 
efforts  of  the  animal  itself  as  the  initial  stage  of  the  origin  of  char- 
acteristics. This  law  of  effort  was  also  formulated  bv  the  author 
independently,  but  considered  as  a  purely  mechanical  reaction  of 
the  organism  in  response  to  the  physical  requirements  of  the  habi- 
tat and  used  to  account  for  the  presence  of  representative  forms 
in  distinct  genetic  series.  The  common  organization  of  the  radical 
would  necessarily  respond  to  the  common  requirements  of  the  same 
habitat  by  similar  changes  of  form  and  similar  structural  modifica- 
tions. Thus  while  we  find  and  must  necessarily  expect  to  find  rep- 
resentation between  the  Nautiloidea  and  Ammonoidea  in  the  same 
habitat  and  between  Bclemuoidea  and  Sepioidea,  also  in  the  same 
habitat,  we  do  not  find  representation  between  the  Tetrabranchiata 
as  a  whole  and  the  Dibranchiata,  because  though  originating  ttom 
the  same  common  radicals  they  divei^e  into  different  habitats. 
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This  representation  we  have  designated  as  morphological  equiva- 
lence becanse  the  forms  and  structures  are  equivalents  of  each  other 
and  the  organic  equivalents  of  the  physical  surroundings. 

Instead  of  being  led  by  our  researches  to  adopt  the  Darwinian 
hypothesis  that  animals  have  an  inherent  tendency  to  vary,  we 
deny  emphatically  that  animals  have  any  inherent  tendencies  ex- 
cept those  of  growth  and  heredity.  The  essential  character  of  hered- 
ity is  conservation,  and  if  not  perpetually  acted  upon  by  physical 
selection,  we  should  never  have  had  any  variations  or  any  animal 
kingdom. 

There  is  evident  to  us  throughout  the  history  of  the  Cephalopoda 
a  persistent  retention  of  type  characters,  and  in  the  development 
a  perpetual  renewal  of  ancient  characteristics  which  are  unques- 
tionably due  to  heredity,  and  are  continuous  from  the  earliest  times. 
Any  supposition,  that  the  same  force  which  accomplished  this 
could  also  and  at  the  same  time  act  in  opposition  to  itself  or  have 
any  tendency  like  a  tendency  to  variation,  is  illogical  and  inadmis- 
sible. That  physical  selection  could  originate  characteristics,  and 
that  these  should  be  eventually  adopted  and  transmitted  by  heredity, 
is  a  sufficient  explanation  of  the  phenomena.  It  is  not  at  all  req- 
uisite to  imagine  heredity  with  a  double  capacity  or  that  animals 
had  any  inherent  tendencies  whatever  except  the  tendencies  to 
gi'ow  and  to  reproduce  their  own  characteristics  in  their  young. 

The  contemplated  publication  strives  also  to  show  as  in  previous 
essays,  that  all  characteristics  arise  primarily  in  the  adults  of  any 
given  type,  and  then  tend  to  be  inherited  at  earlier  and  earlier  stages 
in  the  young  of  succeeding  generations  of  all  grades  whether  indi- 
viduals or  varieties,  or  species.  In  this  respect  the  author  is  now 
able  to  quote  besides  those  of  Prof.  Cope,  the  confirmatoiy  obser- 
vations of  WiJrtenburger  who  has  arrived  at  precisely  similar  con- 
clusions with  regard  to  the  Ammonitinse  of  the  Upper  Jura  and 
also  Ilaeckel  and  Balfour.  Though  differing  from  these  authors 
and  from  Prof.  Cope  with  regard  to  the  part  played  by  natural  se- 
lection, we  all  agree,  that  such  phenomena  as  the  quick  develop- 
ment of  characteristics  are  common  and  can  be  represented  as  a 
general  law  of  development. 

Prof.  W.  K.  Brooks  has  lately  published  an  able  work  upon 
"  Heredity  "  in  which  he  adopts  the  law  of  natural  selection,  and 
the  mixed  definition  of  heredity.  The  author  attributes  different 
roles  to  the  different  sexes.    Thus  he  regards  the  female  as  con- 
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sei'vativc,  and  possessing  less  inclination  tx>  vary  and  therefore  the 
main  agent  in  maintaining  the  characters  of  the  type,  and  the  male 
as  more  variable,  and,  thci*efore,  the  immediate  agent  in  any  of 
the  changes,  or  transformations  of  the  original  t3'pe  characters 
which  take  place.  This  theory  has  many  notable  facts  in  its  favor, 
but  it  will  be  difficult  to  apply  it  in  forms  where  there  are  but  slight, 
or  no  distinctions  l)etween  the  sexes,  and  again  to  the .  lower 
branches  of  animals  in  some  of  which  hermaphroditism  is.l)re- 
valent  as  it  is  among  sponges  and  Protozoa.*  Prof.  Brooks,  we 
think,  has  in  his  theory  mistaken  a  general  result  for  a  cause.  The 
habits  of  the  male  being  more  varied,  he  is  natui^ally  more  variable 
while  the  habits  of  the  female  being  more  uniform  she  is  less  var* 
table,  seems  to  us  a  reasonable  explanation  of  the  differences  of  the 
sexes.  The  laws  of  heredity  would  secure  the  transmission  of 
the  variations  in  whatever  sex  they  occurred. 

Again,  throughout  long  series,  like  Nautiloids  and  Ammonoids, 
there  are  no  signs  of  such  action  and  we  have  as  yet  not  succeeded 
among  the  fossils  in  distinguishing  the  sexes.  According  to  Prof. 
Brooks'  theory  we  ought  to  be  able  to  do  this  and  also  to  see  that 
the  males  varied  from  the  females  in  those  characteristics  in  which 
the  later  and  higher  forms  of  both  sexes  vary  from  the  older  and 
ancestral  forms. 

Prof.  Brooks  has  apparently  found  nothing  worthy  of  his  atten- 
tion in  the  works  of  Coj^,  Ryder,  Packard  or  the  author,  thoagh 
he  quotes  from  Mivart  and  others  upon  the  subject  of  the  quick 
evolution  of  forms.  lie  also  regards  the  fossils  as  veiy  unreliable 
means  of  information  in  this  res[)ect,  a  point  of  view,  which  is 
founded  upon  time-honored  prejudice,  but  where  will  the  zoologist 
and  embryologist  get  relations  in  time  or  any  sufficiently  extended 
information  about  the  succession  of  forms,  without  a  I'esort  to  fos* 
sils  ?  Among  Cephalopods,  for  example,  the  information  is  in  these 
respects  more  perfect  than  any  living  group,  as  such,  can  (x^ssibly 
afford  to  any  student,  even  though  he  should  attain  complete  ac- 
quaintance with  its  structure  and  forms  and.Uieir  developuient. 

We  have  said  above  that  the  changes  occurring  in  the  old  age  of 
individuals  are  true  metamorphoses,  and  insisted  that  these  had  a 
meaning  of  their  own,  and  correlated  with  the  changes  which 
occur  in  retrogressive  series.     Thus   in   an   old  shell  the  whorl 

•  See  "  Larval  Theory  of  the  Origin  of  Tleaiie.**  Proo.  Bost.  Soc.  Nat,  History,  VoL 
SB,  not  yet  publisbed.  also  Science,  188ii  No.  68,  and  American  Nat.,  May,  18&1. 
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tends  to  become  uncoiled,  loses  its  costie,  etc.,  and  this  is  paral* 
leled  by  the  uncoiled  genera  and  species  of  the  groups  of  the  dis- 
eased and  distorted  tj'pes  of  tlie  Jura  and  Cretaceous. 

Tliese  coiTclations  are  just  as  evident  as  the  correspondences 
of  embryology  and  the  metamorphoses  of  the  young  with  the  adults 
of  ancestral  forms.  It  only,  requires  study  and  attention  on  the 
part  of  naturalists  for  the  laws  of  geratology  to  become  as  instruc- 
tive with  regard  to  the  origin  and  development  of  retrogressive 
and  distorted  types  (aberrant  as  they  are  now  misnamed),  as  are 
those  of  embryology  for  the  progressive  and  healthy  types. 

In  other  words  there  is  a  branch  of  pathology,  which  is  applica- 
ble to  the  explanation  of  phenomena  occurring  as  a  normal  condi- 
tion in  every  animal  in  old  'age ;  and  this,  when  carried  farther, 
shows  us  that  there  are  such  things  as  pathological,  diseased  spe- 
cies, distorted  types,  retrogressive  series.  These  are  all  appar- 
ently of  similar  nature  and  eventually  die  out  by  reason  of  their 
pathological  condition,  but  yet  exist  long  enough  to  reproduce 
their  own  awkward  distortions,  in  genera,  and  series  of  genera. 
The  autlior  upon  these  grounds  in  1866  formulated  the  law  that 
there  was  an  exact  correspondence  between  the  life  of  an  individ- 
ual Cephalopod  and  the  group  to  which  it  belonged  :  namely,  the 
young  and  adolescent  stages  having  direct  correspondence  and 
repeating  the  past  history  of  its  own  group  to  a  greater  or  less 
extent,  the  adult  corresponding  to  the  present  with  all  the  peculi- 
arities and  differences  of  its  group,  and  the  metamorphoses  of  old 
age  to  the  pathological  modifications  and  changes  found  in  the 
types  which  arose  in  unfavorable  localities,  or  which  were  found  as 
a  rule  to  terminate  the  history  of  the  group  in  time.  It  was  also 
stated  that  the  correspondences  of  geratology  were  quite  distinct 
from  those  of  embryology.  While  the  former  are  due  to  heredity, 
the  latter  in  all  cases  are  due  to  the  action  of  unfavorable  sur- 
roundings. •  They  are  in  the  same  category  as  representative  char- 
acteristics and  plainly  the  effects  of  similar  causes  acting  upon 
similar  organisms. 

We  have  been  until  lately  ignorant  of  tlie  fact,  that  Ilaeckel 
had  given  expression  to  a  very  similar  idea  and  had  applied  it 
to  the  whole  animal  kingdom  in  the  same  year  1866. 

We  are  glad  to  be  able  to  quote  this  eminent  author,  and  to  ac- 
cord to  him  the  greater  knowledge  and  wider  application  of  the 
law,  which  we  felt  at  the  time  of  our  first  publication  was  a  com- 
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pletion  of  the  labors  of  Von  Baer  and  Louis  Agassiz  upon  the 
correlations  of  individual  development,  and  that  of  the  history  of 
the  gi*oup  in  time.  We  take  all  the  greater  pleasure  in  this  act 
from  the  fact  that  Haeckel  has  received  most  strenooas  criticisms, 
and  his  great  services  to  science  demand  a  more  impartial  acknowl* 
edgment  than  they  have  yet  received. 

The  action  of  physical  changes  in  the  surroundings  takes  effect 
upon  the  irritable  organism  and  this  necessarily  responds  to  the  ex- 
ternal stimulants  by  an  internal  effort.  This  effort,  working  from 
within  and  carrying  all  the  influences  of  heredity,  acts  in  its  tnni 
upon  the  parts  and  organs  producing  new  growths  and  changes  and 
these  modifications  are  necessarily  adapted  or  suited  to  the  require- 
ments of  the  habitat  or  the  physical  causes  which  incited  the  effort 
Thus  springing  from  the  common  radical  we  may  have  distinct 
genetic  groups  which  diverge  by  reason  of  transmitted  differences 
and  yet  are  parallel,  or  have  similar  forms  and  correlated  struct- 
ures produced  in  similar  succession  in  each  group. 

These  morphological  equivalents  are  general  in  their  distribution 
with  regard  to  space  and  time,  and  the  causes  must  have  been 
equally  general  and  equally  similar.'' 

All  morphological  equivalents  seem  to  us  to  be  sufiBciently  ac- 
counted for  without  the  aid  of  natural  selection,  since  the  obvious 
fact  that  they  are  advantageous  to  the  animals  is  a  necessary  re- 
sult of  their  adaptability,  a  consequence  of  their  pliysical  selection* 
They  are  advantageous  in  the  same  way  that  it  is  of  advantage  to 
a  drop  of  liquid  to  be  round,  or  a  cell  when  equally  pressed  on  all 
sides  to  be  hexagonal. 

Differential  characteristics,  however,  are  only  at  first  identical. 
After  their  origin  we  find  them  occurring  in  limited  series  of  forms, 
appearing  and  disappearing  according  to  no  traceable  law  of  suc- 
cession, limited  also  in  space  and  time,  and  having  a  fixed  heredi- 
tary continuity  and  comparative  invariability,  which  exhibit  how 
exclusively  they  have  become  the  property  of  heredity. 

There  is  a  time  in  each  type,  however,  when  they  api>eared  as 
variables,  when  they  were  found  in  some,  and  not  in  other  closely 

V  It  mast  be  observed  here  that  we  haye  careftiUf  arofded  mentioning  a  large  num- 
ber of  characteristics  saoh  as  the  bUateral  symmetry  of  the  shell  and  the  nnsymmebyor 
many  spirals,  etc.,  which  are,  as  we  have  tried  to  show  In  a  previoas  essay,  dne  totfae 
stUl  more  general  and  nniform  action  of  gravity.  These  are  also  morphologieal 
equivalents,  but  we  have  not  the  space  even  to  allude  to  them  as  their  importance  d» 
Mnres. 
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allied  forms.  We  can  understand  that,  at  this  time,  the  organisms 
possessing  them  are  able  in  their  struggle  with  others  to  maintain 
and  perpetuate  themselves  with  greater  success  on  account  of  these 
advantageous  differences,  and  that  by  this  success  the  differences 
would  naturally  become  fixed  in  the  organism  and  be  adopted  by 
heredity.  Then  they  would  assume  the  character  of  essential 
differences  and  the  comparative  invariability  which  distinguishes 
this  class  of  characteristics  from  morphological  equivalents. 

Natural  selection  does  not  act  according  to  our  experience  be- 
yond the  period  of  variability.  All  characteristics,  according  to 
the  law  of  concentration,  tend  to  be  inherited  at  earlier  and  earlier 
stages  in  descendants,  and  the  differences,  when  fixed  are  no  lon- 
ger variables  and  come  under  the  full  influence  of  the  conservative 
force  of  heredity.  They  are  not  dependent  upon  the  fate  of  battle, 
but  are  part  of  the  invariable  tendencies  of  the  organism,  so  long 
as  it  remains  in  the  same  habitat.  They  may  disappear  or  be 
dropped  in  some  of  the  last  of  a  series,  out  of  the  development  of  the 
young,  in  accordance  with  the  law  of  concentration  of  development, 
or  they  may  be  retained,  but  in  all  cases  they  show  the  behavior 
of  strictly  hereditary  characteristics  of  the  class  of  differentials  and 
serve  to  distinguish  groups  because  of  their  comparative  invariabil- 
ity of  occurrence.  They  are  the  purest  illustrations  of  the  law, 
that  like  tends  to  produce  like.  One  has  only  to  think  of  the 
characteristics  mentioned  above  as  differentials  in  the  Ammonoidea 
to  understand  these  statements.  The  embryosac  or  protoconch, 
the  ventral  suture  with  its  peculiar  lobe,  the  nautilian  form  are 
all  perpetuated  steadily  without  break  from  the  Cambrian  to  the 
Cretaceous  inclusive,  and  the  Nantiloid  differentials  persist  in  that 
order  even  in  the  existing  animals.  Similarly,  in  any  small  series, 
if  we  can  pick  out  its  differentials,  we  are  presented  with  the  same 
phenomena  of  comparative  invariability  due  to  heredity.  In  fact 
our  classification  of  organic  beings  entirely  depends  upon  this  fact. 
If  it  were  not  true,  we  could  not  make  a  classification,  which  would 
represent  natural  relations.  The  methods  pursued  by  all  classifiers 
show  this.  While  we  talk  freely  of  the  need  of  founding  classifica- 
tions upon  all  the  characteristics  of  animals,  no  one  practically 
follows  this  empty  wisdom.  On  the  contrary,  and  of  necessity, 
naturalists  have  been  wiser  than  their  own  precepts,  and  really 
sought  for  those  constant  differences,  which  are  the  hereditary 
differentials* 
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We  do  not  regard  the  law^  of  concentration  as  an  inherent  ten- 
dency of  heredity.  We  think  it  is  universal,  and  that  it  can  be 
traced  in  man,  as  well  as  the  Cephalopods,  to  an  extent  which 
throws  light  on  his  intellectual  as  well  as  his  structural  deyelop- 
ment,  but  it  appears  to  be  a  result  of  the  action  of  external  stimu- 
lation upon  the  development. 

Balfour  not  expecting,  as  an  embryologist,  to  get  any  information 
from  a  paleontologist  naturally  omitted  to  notice,  that  in  a  memoir 
upon  Planorbis  at  Steinheim,  we  had  already  attributed  the  concen- 
trated or  quicker  development  of  some  types  to  extra  protection  af- 
forded by  the  parents  to  the  young,  and  repeated  our  conclusions 
in  his  "Comparative  Embryology." 

His  observations  are  valuable  confirmations,  and  we  can  pomt 
to  this  as  probably  one  at  least  of  the  causes  of  concentrated  or 
quick  development.  It  is  however  not  the  sole  cause.  Perhaps 
no  types  among  Cephalopoda  are  more  concentrated  or  have 
quicker  development  in  Balfour's  use  of  that  term  than  the  patho- 
logical type  like  Ancyloceras,  Crioceras,  etc.,  and  that  they  ba<1  ex- 
tra protection  from  their  parents  is  ah  inadmissible  supposition. 
They  are  of  all  grades,  and  diseased  varieties  may  be  followed  into 
normal  series  or  species  on  the  one  hand,  and  on  the  other  by 
gradations  into  series  of  distorted  forms  with  highly  concentrated 
young.  If  these  were  protected  Jbhe  normal  forms  into  which  they 
grade  must  have  been  capable  of  affording  extra  pi*otection  to  some 
varieties,  while  not  possessing  it  themselves.  Another  fact  is 
that  their  shells  are  the  smallest  in  diameter,  mere  tubes  in  many 
genera. 

All  our  observations  agree  however  in  one  important  particular: 
protection  is  certainly  in  its  effect  upon  the  young  a  stimulant, 
and  may  be  said  to  furnish  the  most  favorable  conditions  for  an 
early  and  premature  physiological  development.  It  will  not  aston- 
ish pathologists,  when  it  is  asserted,  that  in  this  respect,  protection 
is  like  the  action  of  certain  pathological  causes  which  tend  to  pro- 
duce premature  development. 

In  fact  we  think,  that  while  the  causes  which  can  have  produced 
a  tendency  to  concehtration  are  almost  entirely  dissimilar  and 
irreconcilable  in  themselves,  they  nevertheless  possess  the  gen- 
eral and  common  character  of  being  very  favorable  or  stimulat- 
ing to  the  earlier  stages  of  development  and  unfavorable  to 
growth.     They  belong  in  other  words  to  the  class  of  patholi^cal 
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causes  and  when  in  excess  are  highly  unfayorable  to  the  continu- 
ance of  life  Itself. 

Their  normal  action  in  these  retrogressive  and  distorted  forms 
is  unfavorable ;  whereas,  when  stimulation  arises  from  the  ordinary 
action  of  physical  selection,  it  may  be  entirely  favorable  and  we 
think  this  is  the  only  reasonable  explanation  of  the  phenomena. 

Wiirtenburger  and  Haeckel  both  regard  characteristics  as  tending 
to  be  inherited  at  earlier  or  later  stages  in  descendants.  If  Wur- 
tenburger  and  Haeckel  are  correct  then  we  ought  to  find  series 
with  tendency  to  inherit  ancestral  characteristics  at  later  stages, 
or  isolated  forms  with  characteristics  appearing  at  later  stages  than 
those  in  which  they  appeared  in  their  ancestors.  We  have  entirely 
failed  to  find  any  such  instances.  If  they  can  be  adduced,  then  the 
law  of  concentration  would,  as  claimed  by  Haeckel  and  Wiirten- 
burger, be  a  result  of  natural  selection.  Neither  Haeckel,  Wiirten- 
burger or  Darwin,  has  brought  forward  any  such  examples,  so  far 
as  we  know,  and  the  latter  is  particular  in  stating,  that  character- 
istics tend  to  be  inherited  in  successive  descendants  at  tJie  same 
stage  or  earlier  than  tJiat  in  which  they  appeared  in  tlie  ancestors. 
We  can  readily  understand  how  characteristics  may  tend  to  be 
inherited  at  the  same  stage  because  of  the  invariable  action  of  he- 
redity,  but  we  recognize  no  inherent  tendency  to  change  in  any  phe- 
nomena of  heredity  we  have  yet  studied.  The  tendency  to  earlier 
inheritance  is  the  result  apparently  of  disturbing  and  modifying 
agencies  acting  from  without  as  must  all  other  causes  of  change 
in  the  organism. 

The  Argonauta  is  an  example  of  an  animal  protecting  its  young 
and  having  a  concentrated,  or,  as  Balfour  and  others  call  it,  quicker 
development.  Many  of  the  Spatangoids  are  similar  examples, 
Man  is  the  most  remarkable  example,  since  here  we  can  with  Cope 
trace  the  effect  of  protection  not  only  in  the  nursing  of  the  young » 
but  in  the  subsequent  care  of  rearing,  and  in  education  as  its  con- 
sequent. 

In  pathological  types  the  development  is  enormously  accelera- 
ted, as  in  the  senile  characteristics  of  syphilitic  children,  and  the 
pathological  types  of  Ammonites.  The  Baculites  and  uncoiled 
cretaceous  Ammonittne,  for  example,  are  prematurely  stimulated 
in  the  development  of  their  senile  characteristics  by  pathological 
causes. 

In  fact  the  only  way  to  account  for  the  removal  of  the  progres- 
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slve  characteristics  of  the  normal  ancestors,  and  their  replace- 
nient  by  senile  cliaracteristics,  is  to  attribute  the  phenomena 
to  the  action  of  the  stimulating  eflfbcts  of  the  surroundings,  Just 
as  we  are  obliged  to  attribute  the  premature  development  of  syphi- 
litic children,  or  premature  developments  and  extra  growths  of  all 
kinds,  to  overstimulation  by  the  unfavorable  surroundings  acting 
directly  on  the  parents  and  indii*ectly  through  heredity  on  the 
children. 

Thus  Balfour's  idea  of  protection,  as  applied  to  the  so-called 
quicker  development  of  the  highest  forms  in  different  tj'pes,  cannot 
possibly  apply  to  diseased  forms,  or,  as  we  might  show  if  there  was 
space,  to  parasites,  which  are  however  the  finest  possible  illustra- 
tions of  the  effects  of  the  surroundings,  in  producing  ooncentration 
without  protection.  Nor  does  it  apply  to  the  uniform  and  constant 
manifestation  of  the  law  of  concentration  which  takes  place  in 
ever^'  series.  The  highest  members,  t.  e.,  the  terminal  ones  of 
series,  are  invariably  moi*e  or  less  concentrated,  and  when  the  de- 
velopment skips  stages,  which  are  common  in  ancestral  forms,  as 
it  does  almost  invariably  in  such  forms  or  species,  we  cannot  ap- 
peal to  protection  as  an  explanation.  The  skipping  is  evidently 
the  direct  consequent  of  the  action  of  the  law  of  concentration. 
The  characteristics  skipped  have  become  useless;  and  as  both 
Wiirtenburgcr  and  the  author  among  Ammonoids,  Cope  among  the 
reptiles  and  batfacliians,  and  Haeckel  more  generally,  translate  the 
phenomena,  they  appear  to  be  literally  crowded  out  of  the  devel- 
opment by  the  earlier  inheritance  of  the  immediate  ancestral  char* 
acteristtcs.  For  example,  the  highest  form  of  the  Arictidae  is  a 
small  species,  Asteroceras  Collenotii^  which  has  no  stage  in  its  devel- 
opment comparable  with  the  adult  of  its  ancestral  Asteroceras  od- 
tusum,  and  yet  we  traced  it,  after  several  years  of  research,  back 
through  other  forms  directly  to  this  species,  and  in  this  we  have 
repeated  the  previous  experience  of  ^Quenstedt  and  Prof.  Fraas. 
Every  series  of  Ammonites  gives  similar  results,  which  have  been 
noted  in  essays  by  Wiirtenberger  and  the  author  and  the  writers 
above  mentioned  in  larger  series. 

The  types  with  concentrated  development  thus  skipping  stages 
in  smaller  series  are  precisely  comparable  with  the  diseased  types 
in  their  relations  to  the  old  age  of  the  individual  in  the  larger  series : 
they  present  the  same  phemomena  as  the  larger  series  of  retrogres* 
sive  forms  in  a  less  degree,  but  still  perfectly  traceable  by  definite 
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characteristics.  They  lose  the  ornaments  which  distinguish  th^ 
adults  of  the  purely  progressive  species  in  their  own  series,  and 
have  smooth  whorls ;  they  usually  also  have  less  robust  whorls, 
and  the  shell  is  not  so  large  in  diameter ;  they  often  retain  in  re- 
spect to  their  smoothness  and  the  complications  of  the  sutures,  the 
conditions  of  their  own  younger  stages  throughout  life,  and  thus 
present  close  parallels  to  the  purely  retrogressive  forms  of  patho- 
logical series;  they  are  also  invariably  either  the  dying-out 
forms  of  their  respective  series,  or  when  on  the  same  level  the  ex- 
treme aberrant  forms. 

Dr.  C.  S.  Minot's  essay ,^  Is  man  the  highest  animal?  shows  this 
mingling  of  characteristics  clearly  in  the  highest  type  of  the  animal 
kingdom,  the  mingling  being  due  to  the  retention  embryonic  char- 
acteristics. This  retention  in  a  higher  type,  is  a  form  of  degrada- 
tion which  tends  to  destroy  the  adult  differentiations  of  the  type. 
Thus  the  excessive  and  premature  development  of  the  brain  in  man 
has  prevented  tbe  development  of  the  differential,  simian  charac- 
teristics of  prognathism,  reducing  the  bones  of  the  face  and  in- 
creasing the  size  and  importance  of  the  skull.  We  can  in  the  case 
of  man,  clearly  see  that  the  highest  physiological  development 
tends  to  destroy  the  growth  or  development  of  purely  structural 
differentiations  of  the  ancestral  type.  €reratologous  types,  there- 
fore, present  the  phenomena  of  retrogression,  but  have  also, 
frequently  the  highest  possible  developments  of  some  of  the  char- 
acteristics and  tendencies.  Thus  in  Asteroceras  CoUenotiis  the 
whorl  is  flatter  and  more  acute  and  more  involute  6han  in  any 
otlier  form  of  its  series  or  of  the  family  of  tlie  Arietidse,  and  the 
keel  is  developed  earlier.  In  some  series,  on  the  other  hand,  as  in 
the  Stephanoceran,  such  forms  may  grade  into  those  which  l>elong 
to  distorted,  retrogressive  series  like  Scaphites.  We  think  there- 
fore we  have  every  reason  to  consider  them  and  the  retrogressive 
forms  as  having  in  common  direct  correlations  with  the  retrograde 
metamorphoses  of  the  individual,  and  consequently  feel  Justified  in 
classifying  them  in  the  same  category  as  geratologous  forms.  Nev- 
eHheless,  here  as  elsewhere  no  hard  and  fast  lines  can  be  drawn, 
and,  strange  and  even  paradoxical  as  it  may  seem,  they  must  bo 
in  many  instances  regarded  like  man,  as  the  highest  of  their  series 
on  account  of  their  concentrated  and  accelerated  development, 
and    sometimes,  as  in  Asterocerds  CoUenotii^  exhibit  the  most 

•  Proc.  Am.  Assoc.  Vol*  xxx,  Cincinnati  Meeting. 


B56  8BCTI0N  F. 

Extraordinary  (levelopment  of  certain  tendencies,  observable  bat 
not  so  highly  developed  in  their  ancestors. 

They  are  also  in  smaller  series  often  comparable  with  their 
earlier  ancestors,  Just  as  the  diseased  Bacalite  as  the  terminal  form 
of  Ammonoidea  is  comparable  with  the  Orthoceras.    Thus  the  A, 
CoUenotii  can  be  compared  in  its  later  adolescent  stipes  very  closely 
with  the  adult  of  the  ancestral  radical  of  the  family  of  the  Arieti- 
die,  PsUoceraa planorbis^  and  still  more  closely  with  the  immediate 
radical  of  its  own  genetic  series  Agassiceras  striaries^  which  in 
some  varieties  is  often  confiised  with  Psiloceras  ptanorbis^  and  in 
the  adult  still  retains  the  smooth  whorl  of  that  species.     The  ex- 
treme old  age  of  this  species  Collenotii  has  never  been  seen,  but  if 
it  reduces  the  whorl  in  size  at  that  stage  as  others  do  in  the  Ar- 
ietidae,  we  should  not  be  able  to  separate  it  from  Psiloceras  if  the 
adult  was  unknown.    The  mingling  of  the  progressive  and  retrogres* 
sive  tendencies  in  the  development  of  such  forms  as  occur  at  the 
termini  or  paracme  of  small  series,  as  Haeckel  terms  the  descent  and 
fall  of  forms,  makes  these  comparisons  less  apparent  than  they  are 
often  between  the  purely  retrogressive  forms  in  the  paracme  of 
larger  series,  but  that  they  belong  to  the  same  class  is  evident. 
The  differences  lie  in  the  possession  by  geratologons  forms  of  small 
series  of  a  greater  or  less  number  of  progressive  characterisUcs 
which  are  developed,  and  prevent  the  tendency  to  the  development 
of  the  senile  characteristics.     In  the  above  case,  for  example, 
they  permit  the  senile  characteristic  of  smoothness,  and  also  the 
simple  acute,  channelless  abdomen  of  the  young  to  be  perpetua- 
ted in  growth,  but  they  develop  otherwise  a  highly  involute,  later- 
ally flattened  whorl,  which  is  a  step  in  advance  of  all  others  of  its 
own  series. 

All  of  the  geratologous  degraded  characteristics  are  also  simi- 
lar to  the  larval  characteristics,  and  consequently  when  the  pro- 
gressive characteristics  disappear,  we  get  as  a  result  fusion  of 
geratologous  with  larval  characteristics,  or  persistent  development 
of  the  latter  combined  with  geratologous  tendencies. 

In  purely  retrogressive  forms  or  purely  geratologous  types  like 
Baculites,  etc.,  the  fUsion  of  characteristics  is  complete,  and 
the  overstimulation  of  the  pathological  surroundings  has  to  be 
called  into  account  for  the  premature  development  of  all  the  larval 
characteristics,  the  cylindrical  form  of  the  adolescent  young,  its 
smoothness,  its  simple  sutures  and  the  earlier  inheritance  of  the 
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tendenc}'  to  degenerative  uncoiling.  We  are,  therefore,  really 
presented,  in  Baculites,  with  a  type  comparable  closely  with  the 
straight  cone  of  the  larval  stage  of  Oon.  fecundus  of  the  Silarian, 
and  with  the  primal  adult  ancestor  Orthoceras,  the  resemblance  to 
the  radical  being  more  complete  because  the  process  leading  to  the 
reversion  is  more  completely  caiTied  out.  The  distal  ancestor  Or- 
thoceras passes,  as  we  know,  through  but  few  changes  in  its  indi- 
vidual development,  and  has,  what  could  be  appropriately  called, 
thedirect  mode  of  development.  The  higher  tj'pesof  the  Nautiloids 
have  the  cyrtoceran,  and  gyroceran  stages  and  the  correlative  meta- 
morphoses of  the  septa  and  siphon  in  their  younger  stages,  and 
have  the  indirect  mode  of  development,  or  pass  through  a  larger 
number  of  metamorphoses ;  the  geratologous  types  have  again  the 
direct  mode,  on  account  of  the  skipping  of  progressive  character- 
istics, or  thi'ough  their  replacement  by  the  senile  tendencies  and 
persistent  larval  characteristics.  The  purely  adaptive  nature  of  the 
indirect  mode  of  development,  which  hns  been  most  fully  studied 
among  insects,  is  quite  generally  admitted  by  entomologists,  and  is 
prolonged  or  shortened  according  to  the  seasonal  requirements  of 
the  surroundings,  and  may  be  regarded,  in  the  main  if  not  wholly, 
as  the  structural  equivalent  of  the  surroundings. 

We  have  tried  to  show,  that  the  more  or  less  direct  development 
of  the  geratologous  forms  among  the  Ammonites  was  possibly  due 
to  the  stimulating  effects  of  the  surroundings  producing  premature 
and  constant  development  of  some  of  the  senile  characteristics 
in  combination  with  the  earlier  development  of  the  high  progres- 
sive characteristics  of  the  series  or  division,  or  where  stimulation 
was  excessive,  replacing  the  latter  entirely  with  the  larval  char- 
acteristics, and  geratologous  tendencies  to  uncoiling,  thus  produc- 
ing larval  types  with  direct  development  out  of  the  ancestral 
progressive  types.  We  have  also  tried  to  give  sufScient  reasons 
for  our  opinion  that  in  all  of  these  types  the  marks  of  effort  are  as 
apparent  in  the  retrogressive  as  in  the  progressive  series.  This  re- 
sult is  as  clearly  due  to  the  habits  of  the  aberrant  or  uncoiled  types, 
as  is  the  ordinary  phenomenon  of  progression,  but  there  is  not 
space  to  discuss  this  point,  and  must  refer  to  article  in  Science, 
1884,  No.  58,  p.  148. 

We  can  formulate  our  conclusions  as  follows : — 

1.  We  have  endeavored  to  demonstrate,  that  a  natural  classifi- 
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cation  may  be  made  by  means  of  a  system  of  analysis  in  which  the 
individual  is  the  unit  of  comparison,  becaase  its  life  in  all  its  phases, 
morphological  and  physiological,  healthy  or  pathological,  embryo, 
larva,  adolescent,  adult  and  old,  con-elates  with  the  morphological 
and  physiological  history  of  the  group  to  which  it  belongs. 

2.  In  the  different  genetic  series  of  a  type  derived  from  one  ances- 
tral stock,  there  is  a  perpetual  recurrence  of  similar  forms  in  sim- 
ilar succession,  which  are  usually  called  representative  and  often 
falsely  classified  together,  though  they  really  belong  to  divergent, 
genetic  series. 

8.  These  forms  and  their  similar  characteristics  are  not  derived 
by  direct  inheritance  from  the  common  ancestor  in  which  all  the 
forms  arc  necessarily  similar  and  primitive,  but  originate  every- 
where indei)endently  of  hereditary  influences  in  the  different  series, 
and  also  in  all  formations  independently  of  chronolc^ical  distriba- 
tion. 

4.  This  evolution  of  similar  morphological  changes  in  the  forms 
of  different  genetic  series  must  be  regarded  as  the  similar  reactions 
or  efforts  of  a  common  organism  in  direct  response  to  similar, 
generally  distributed  physical  causes  active  in  the  same  habitat, 
and  are,  therefore,  necessarily  similar  to  each  other  though  in  dif- 
ferent genetic  series.  As  a  whole,  they  may  be  said  to  express  the 
general  tendencies  of  modification,  due  to  the  efforts  of  the 
common-radical  and  common  organization  while  spreading  in 
all  directions  and  in  different  genetic  lines  to  respond  to  simi- 
lar physical  causes,  and  meet  their  requirements  with  suitable 
changes.  They  are,  therefore,  structural  equivalents  of  each  other 
in  different  series,  and  functional  equivalents  of  the  general  re- 
quirements of  the  environment,  or  habitat,  purely  physical  selec- 
tions. 

5.  All  new  characteristics,  even  those  which  are  purely  mechan- 
ical reactions  of  the  tissues,  arise  in  a  similar  manner  as  reactions 
to  the  exciting  agency  of  the  more  general,  or  more  localized  phys- 
ical causes,  and  are  necessarily  their  corresponding,  oi^anic  or  suit- 
able equivalents,  stioicturally  and  functionally. 

6.  After  their  origin,  however,  and  during  their  subsequent 
history,  cliaracteristics  are  divisible  into  two  categories :  those  which 
become  morphological  equivalents,  and  are  essentially  similar  in 
distinct  scries,  and  those  which  are  essentially  different  in  distinct 
scries  and  may  be  classed  as  morphological  differentials. 
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7.  These  differentials  are  absent  in  the  first  members  of  series, 
then  on  their  appearance  transient,  but  afterwards  tend  to  become 
invariable,  or  fixed  in  the  stock  or  series,  being  perpetuated  and 
increased  by  direct  inheritance  in  successive  generations,  species, 
etc.  They  may  finally  often  disappear  in  the  i*etrogressive  or 
highest  and  last  oocuiTing  members  of  each  series,  or  in  aberrant 
forms  when  on  the  same  level. 

8.  They  have  no  determinate  mode  of  succession,  but  are  usu- 
ally more  or  less  isolated  modifications  and  arise  first  in  individuals 
or  varieties,  but  afterwards  become  characteristic  of  species  and 
finally  of  the  major  part  of  the  direct  line  in  every  descendant 
series. 

9.  They  are,  therefore,  strictly  adaptive,  variable  charactens- 
tics  and  not  directed  in  their  occurrence  or  development  by  any 
more  or  less  invariable  law  of  succession  as  are  the  morphological 
equivalents,  and  their  perpetuation  cannot  be  attributed  to  physi- 
cal selection.  Their  rise  and  ultimate  prepotency  as  inheritable 
characteristics  appear  to  be  due  to  the  action  and  reaction  of  the 
animals  upon  each  other,  viz.,  to  the  law  of  natural  selection. 

10.  Differentials,  therefore,  can  be  separated  from  other  char- 
acteristics of  the  same  parts,  by  careful  observation  and  close  an- 
alysis of  their  behavior  in  series,  but  cannot  be  specifically  predicted 
from  the  study  of  other  series ;  whereas,  morphological  equivalents 
can  be  predicted  with  the  same  certainty  as  the  recurrence  of  any 
other  physical  pAienomena. 

Thus  we  can  say  of  any  new  series  of  Nautiloids  or  Ammonoids, 
that  habitat,  i.  e.,  causes  remaining  similar,  and  the  form  with 
which  the  series  begins  being  also  known,  they  will,  whenever  or 
wherever  found,  tend  to  develop  arcuate,  coiled,  close  coiled  or 
discoidal  and  finally  involute  forms  in  progressive  series,  and  re- 
verse this  process  in  retix)gressive  series. 

11.  All  modifications  and  variations  in  progressive  series  tend 
to  appear  first  in  the  adolescent  or  adult  stages  of  growth,  and  then 
to  be  inherited  in  successive  descendants  at  earlier  and  earlier 
stages  according  to  the  law  of  concentration,  until  they  either  be- 
come embryonic,  or  are  crowded  out  of  the  organization,  and  re- 
placed in  the  development  by  characteristics  of  later  origin. 

12.  Modifications  which  tend  to  appear  in  the  old  age  of  the 
individual  of  the  progressive  series,  correlate  with  the  modifica- 
tions taking  place  in  pathological  series  of  all  grades,  and  in 
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geratologous  and  retrogressive  foriDS  of  all  kinds,  however  progres- 
sive they  may  be  in  certain  characteristics.  Greratologons  forms, 
therefore,  show  that  the  development  of  hereditary  relix>gressive 
characters  lias  been  stimulated  so  as  to  take  the  place  of  the  pro- 
gressive, thus  either  partially  or  completely  replacing  them.  The 
partial  replacement  is  often  accompanied  by  the  early  develop- 
ment of  the  hereditaiy,  progressive  characteristics. 

Geratologous  forms  may,  therefore,  be  the  highest  members  of 
progi'essive  series,  or  the  terminal  members  of  retrogressive  series, 
and  the  stimulation  of  the  development  api>ears  to  take  effect  upon 
both  progressive  and  I'etrogressive  characteristics,  thus  producing 
at  the  same  time  and  in  the  same  shell,  (1)  the  earlier  or  premature 
development  of  some  of  the  progressive  characteristics  combined 
with  geratologous  characteristics,  (2)  the  earlier  development  of 
geratologous  characteristics  and  their  fusion  with  larval  character- 
istics which  occasions  the  complete  replacement  of  progressive 
characters  and  occurs  only  in  the  extreme  forms  of  retrogressive 
series,  and  in  parasites. 

13.  The  law  of  concentration  in  development  seems  to  express 
an  invariable  mode  of  action  of  heredity,  in  the  earlier  reproduction 
of  hereditary  characteristics  of  all  kinds  and  under  all  cx>Ddition8. 
In  progressive  series  it  acts  upon  healthy  characteristics  and  ap- 
pears to  be  an  adaptation  to  favorable  surroundings,  and  in  retro- 
gressive series  upon  pathological  characteristics,  and  is  probably 
an  adaptation  to  unfavorable  surroundings  usualfy  leading  to  the 
extinction  of  the  series  or  type. 

14.  In  following  up  series,  it  has  been  found  that  the  develop- 
ment of  ancestral  forms  is  simple  and  direct ;  that  of  their  moi-e 
specialized  descendants  becomes  gradually  indii-ect,  acquiring 
complicated,  intermediate  or  larval  stages,  and  that  of  the  terminal 
retrogressive  or  geratologous  and  pathological  forms  becomes 
again  more  or  less  direct. 

15.  The  introduction  of  adaptive  larval  stages  into  the  history 
of  individual  development  in  any  series  appeara  to  be  due  to  the 
dii'ect  exciting  action  of  the  surroundings,  and  their  absence  or 
subsequent  suppression  to  some  physical  agency,  changes  of  habit 
or  protection,  or  to  pathological  causes. 

All  of  these  causes  must,  however,  be  considered  as  similar  in 
their  effec.ts  upon  the  3'onng, ».  e.,  direct  stimulants  pi-oducing  ex- 
cessively rapid  development  of  the  ancestral  progressive  charac- 
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ieristics,  or  of  the  retrogressive  or  primitive  larval  characteristics^ 
inlierited  ft'om  the  progressive  forms. 

16.  The  law  of  organic  equivalence  may  be  descriptively  stated  as 
follows,  the  action  of  physical  changes  takes  effect  upon  an  irritable 
organism,  which  necessarily  responds  to  the  external  stimulants, 
by  an  internal  reaction  or  effort.  This  action  from  within  upon  the 
parts  of  the  organism  modifies  their  hereditary  forms  by  the  pro- 
duction of  new  growths  or  changes  which  ai'e,  therefore,  adapted 
or  suitable  to  the  conditions  of  the  habitat,  or  the  phj-siological 
equivalents  of  the  physical  agents  and  forces  from  which  they  di- 
rectl}'  or  indirectly  originated.  In  so  far  then  as  causes  and  habits 
are  similar  the}'  produce  representation  or  morphological  equiva- 
lence in  different  series  and  in  so  far  as  they  are  different  they 
produce  the  differentials  which  distinguish  these  series  from  each 
other. 


Mta  arknaria  :  rrs  changes  in  Pliocene  and  Prehistoric  Times* 
By  E.  S.  Morse  of  Salem,  Mass. 

[abstract.] 

At  a  previous  meeting  of  the  Association,  the  author  showed 
that  the  species  of  shells  found  in  the  Indian  shellheaps  along  the 
coast  of  New  England  differed  in  their  proportionate  diameters 
from  the  same  species  living  to-day.  He  pointed  out,  moreover, 
that  species  belonging  to  similar  genera,  in  the  shellheaps  of 
Japan,  had  changed  in  precisely  similar  ways.  It  was  important 
to  find  out,  if  possible,  the  cause  of  these  changes.  A  compari- 
son between  the  shells  of  two  common  species,  found  north  and 
south  of  Cape  Cod,  gave  indications  that  temperature  was  the  in- 
ducing cause.  The  two  species  selected  were  Mya  arenaria  and 
Venus  nvercenaria;  the  former  extremely  variable,  the  latter  veiy 
constant,  in  its  characters.  Specimens  of  these  species  had  been 
collected  in  great  numbers,  both  recent  and  ancient.  The  follow- 
ing are  the  indices  of  Mya  arenaria: — 

RECENT.  AKCIENT. 


r"  **   ■        % 


South  of      North  of  South  of      North  of 

Cape  Cod,     Cape  Cod,  Cape  Cod,     Cape  Cod, 

81.43.  61.97.  02.  fl>.78. 
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of  Venuamercenaria: — 
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Sooth  Of      North  of  South  of      North  of 

CftpoCod,     Cape  God,  Cape  Cod,     Cape  Cod* 

81.01.  81.10.  81JS1.  81.81. 

Since  the  waters  eoath  of  Cape  Cod  are  much  warmer  than  those 
north  of  Cape  Cod,  it  was  reasonable  to  suppose  that  these  changes 
were  due  to  temperature,  and  that  the  higher  index  of  the  ancient 
specimens  found  in  the  Indian  deposits  might  indicate  a  colder 
climate.  This  supposition  receives  some  support  in  the  fact  that 
a  measurement  of  specimens  found  in  the  glacial  clays  about 
Portland,  Maine,  and  on  the  Kennebec  river  in  the  same  state, 
gave  the  high  index  of  66,  and  a  number  of  Norwich  and  Bed 
Crag  fossils  of  M^^  which  he  had  the  opportunity  of  measuring 
at  the  British  Museum,  had  an  index  of  64 ;  recent  Mya  from 
South  End,  England,  having  the  low  index  of  58.30. 

It  was  interesting  to  observe,  that  measurements  of  Jliya  in 
Japan  gave,  for  the  southern  form,  an  index  of  61.10,  and,  of  a 
more  northern  form,  62.50. 


A  New  Plan  of  Museum  Case.    By  Edward  S.  Mobse  of  Salem, 
Mass. 

[ABSTRACT.] 

This  paper  described  a  new  plan  of  museum  case  devised  and 
consti'ucted  and  in  practical  use  at  the  museum  of  the  Peabo^y 
Academy  of  Science  in  Salem. 


Conscious  Automatism.^    By  C.  P.  Habt  of  Wyoming,  Ohio. 


The  application  of  Nrrnous  Oxides  and  Aib  to  pboducb  an* 
JE8THESIA ;  wrru  Clinics  on  Animals  in  an  experimental 
air-chamber.^     By  E.  P.  Howland  of  Washington,  D.  C. 

1  For  a  short  notice  of  Uiis  paper  see  Sgixncb  for  Sept.  7, 188S. 
*  A  notice  of  this  paper  la  given  in  Sguskgb  for  Sept.  1, 1883. 
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[Skveral  meetings  of  Section  6  were   held   but  papers  were 
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ANTHEOPOLOQT. 


ADDRESS 

BY 

PROFESSOR  OTIS  T.  MASON, 

VICE-PBX8IDEKT9  SBCTIOH  H* 


THE  SCOPE  AND  VALUE  OF  ANTHBOPOLOOICAL  STZTDIES. 


Etbrtthino  that  comes  before  the  human  mind  has  to  pass 
through  a  process  of  weighing  and  measuring,  and  receives  a  val- 
uation according  to  the  thinker's  standards  of  merit.  In  this  crit- 
ical spirit  let  us  pass  in  review  those  studies  called  anthropological, 
in  order  to  form  some  estimate  of  their  value  according  to  the 
measures  commonly  applied  to  various  departments  of  learning. 

Anthropology  is  the  application  of  the  instrumentalities  and 
methods  of  natural  history  to  the  study  of  man.  The  anthro- 
pologist, in  this  sense,  is  not  a  dilettante  philosopher,  who  in- 
quires  about  old  things  because  they  are  old,  or  into  curious  things 
while  they  arc  curious,  omitting  all  the  great  movements  and 
needs  of  society,  and  overloading  the  baggage-train  of  progress 
with  tioimpery  picked  up  along  the  march.  The  practical  spirit  of 
our  age  demands  that  he  ask  what  truth,  or  good,  or  beauty  comes 
from  such  investigations,  and  how  he  can  make  them  subservient 
to  human  weal. 

As  to  the  scope  of  anthropology,  we  may  be  instructed  by  the 
other  sciences.  The  natural  history  of  any  species,  say  of  the 
domestic  horse,  includes  many  inquiries,  such  as  the  time  and  place 
ofats  origin  ;  its  ancestry ;  its  pristine  size,  appearance,  and  mode 
of  living.  We  should  afterwards  inquire  concerning  the  archaeology 
or  the  palaeontology  of  the  Equidae,  their  embryology,  anatomy, 
physiology,  diseases,  abnormalities,  and  external  characteristics. 

Mr.  Romanes  would  have  a  chapter  on  the  intelligence  of  the  an« 
imal,  viewing  its  nature  and  amount,  supplementing  the  discussion 
with  notes  on  the  various  ways  in  which  the  horse  manifests  its 

(867) 
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mind,  its  wills,  emotions  and  opinions.  Horses  do  not  construct 
elaborate  houses  like  the  ants  and  the  beavers ;  but  the  members  of 
all  species  occupy  their  daily  lives  in  some  habitual  industries  by 
means  of  which  they  wear  out  the  excess  of  muscle.  Sir  John  Lub- 
bock would  lead  us  farther,  and  show  us  that  horses  go  in  droves, 
follow  a  leader,  plan  migrations,  attacks,  and  defence,  amuse  them- 
selves, enjoy  one  another's  company,  improve  in  appearance,  iu- 
telligence,  and  usefulness  by  cultivation, —  in  a  thousand  ways 
show  themselves  to  be  social  creatures.  At  last  Mr.  Mivart  would 
insist  that  the  horse  has  its  habitude  (^^f?),  its  manner  of  action, 
its  economy  (oecology),  and  its  members  are  affected  in  a  charac- 
teristic manner  by  heat,  light,  moisture,  winds,  the  kind  and  qual- 
ity and  abundance  of  food  and  drink,  by  beneficial  or  injurious 
animal  neighbors,  and  by  the  vital,  procreative,  inheritable  enei^ 
with  which  they  are  endowed.  These  and  many  other  kindred  in- 
quiries concerning  this  homogeneous  group  would  constitute  the 
science  of  hippology. 

The  conscientious  devotee  to  this  science  would  frequently  ask 
himself  what  practical  good  would  result  from  all  this  expenditure 
of  time,  thought,  and  resources  necessary  to  collect  specimens  and 
facts,  and  to  formulate  his  science.  Could  they  be  employed  on 
some  subject  more  ennobling  and  profitable  to  himself,  better  cal- 
culated to  inform,  enrich,  and  beautify  mankind? 

Now,  instead  of  horses,  let  us  substitute  the  geniis  Jiomo^  laying 
aside  all  predilections ;  and,  if  possible,  let  us  imagine  the  student 
of  anthropology  to  belong  to  quite  another  genus  than  the  subject 
of  his  research.  He  would  have,  in  the  fourteen  hundred  millions 
of  human  beings  now  living  on  the  earth,  and  in  the  remains  of  their 
congeners  slumbering  in  its  bosom,  perhaps  the  best  defined  groap 
of  animals.  Calling  tliem  a  genus  or  a  species,  as  you  like,  they 
are  so  well  hedged  off  from  all  other  animal  groups  that  not  the 
least  embarrassment  has  ever  disturbed  the  naturalist  in  distin- 
guishing the  anthropos  even  from  the  anthropoid.  No  one  was  ever 
puzzled  to  tell,  concerning  any  living  thing,  whether  or  not  it  was 
a  human  being.  The  earth  has  never  yielded  a  bone  concerning 
which  the  practical  anatomist  stood  in  doubt  whether  it  bad  been 
once  part  of  a  human  body. 

Now,  I  take  it  for  granted  that  any  inquiry  whatever  which  would 
be  useful  or  entertaining  respecting  another  species  would  be  inten- 
sified in  importance  having  man  for  its  object*    Indeed^  there  are 
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few  questions  which  naturalists  are  wont  to  propose  to  their  groups 
which  ought  not  to  be  carefully  considered  when  we  are  studying 
man.  Before  entering  upon  the  weighing  process,  therefore,  it 
may  make  our  task  more  easy  if  we  consider  the  present  scope  of 
anthropology,  and  briefly  pass  in  review  some  of  the  questions 
which  are  being  propounded  by  anthropologists  every  day. 

When  did  man  first  appear  on  earth,  —  at  what  time  and  in  what 
geological  homon  ? 

Have  all  the  individuals  of  our  race  descended  from  a  common  hu- 
man ancestry?  in  other  words,  are  we monogenists,  or  polygenists? 

Where  was  the  birthplace  of  humanity  ? 

What  manner  of  creatures  were  the  first  men  in  specific  charac- 
teristics, in  size,  aspect,  intelligence,  and  social  condition  ?  and 
how  did  he  get  here? 

To  all  such  queries,  Haeckel  aptly  gives  the  name  of  anthropog- 
eny ;  therefore,  in  order  to  be  anthropologists  we  must  be  anthro- 
pogenists. 

Another  set  of  questions  relates  to  that  stretch  of  time  which 
lies  between  the  pristine  man,  or  the  pristine  condition,  and  the 
beginnings  of  recorded  history. 

Have  we  complete,  irrefragable  evidence  that  our  race  has 
progressed  from  a  brute-like  condition,  in  which  it  was  devoid  of 
all  experience  and  appliances? 

What  application  must  we  make  of  Professor  Tyler's  belief  that 
civilization  has  progressed  upward  like  a  column  of  vapor,  some 
parts  advancing  while  other  parts  are  being  rolled  downward,  but 
the  whole  ascending  and  expanding? 

Granting  that  there  has  been  improvement,  what  paths  have 
been  pursued  ? 

Speaking  of  our  own  peculiar  province,  what  is  the  real  import 
of  such  discoveries  as  those  of  Dr.  Abbott  and  Professor  Whitney 
in  establishing  the  great  antiquity  and  early  rudeness  of  the 
American  savage? 

Who  were  the  builders  of  the  mounds,  earthworks,  and  cliff-dwell- 
ings, and  the  stone  structures  of  Middle  America? 

What  were  the  functions  of  these  various  edifices? 

What  credence  is  to  be  given  to  the  early  historians  of  American 
Ofilture? 

Already  we  have  our  schools  of  interpretation,  such  as  the  Ban« 
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croft  school  and  the  Morgan  school.  Where,  among  these  opposing 
schemes,  does  the  truth  lie? 

In  the  administration  of  this  science,  there  is  occupation  for  the 
greatest  diversity  of  talent.  The  biologists  of  our  time  are 
entering  into  the  minutest  inspection  of  the  life-history  of  each 
animal  form.  With  enthusiasm  the  embrjologists  trace  tlie  modi- 
fications of  structure  as  they  succeed  one  another  in  the  germ. 
Before  their  eyes  the  very  play  of  creation  is  dimly  shadowed,  and 
organic  structure  built  up.  They  pass  their  work  on  to  the 
anatomists  and  physiologists.  Now,  the  anthroix>logtst  must 
endeavor  to  compreliend  the  work  of  all  in  its  synthesis.  As  Newton 
and  Laplace  grasped  tlie  unity  and  organization  of  the  stellar 
world,  as  Humboldt  gazed  upon  all  created  things  as  elements  of 
the  universal  cosmos,  as  Darwin  first  conceived  the  consanguinity 
of  all  living  beings  and  their  mutual  help  or  harm  j  so  the  anthro- 
pologist seeks  to  unite  all  that  can  be  known  respecting  man  into 
a  comprehensive  science,  and  to  study  the  innumerable  correlations 
which  bind  the  most  incongruous  actions  and  thoughts  together  into 
harmony.  May  we  gain  help,  in  solving  questions  of  human 
origin,  by  carefully  observing  the  evolution  of  the  embryo? 

Does  a  knowledge  of  the  life  histoiy  of  the  individual  furnish  a 
clew  to  the  life  history  of  the  s|>ecies? 

What  does  a  comparison  of  the  anatomy  of  man  with  that  of 
the  quadrumana  say  respecting  the  genealogy  of  the  species  ? 

What  ere  the  proper  methods  and  instruments  of  anthropometry, 
—  observing  the  growth  of  children  ;  the  dimensions,  angles,  and 
curves  of  the  cranium ;  the  diversit}'  and  size  of  the  brain  according 
to  age  and  sex  and  race ;  the  weight  of  the  body ;  the  color  of  the 
skin,  hair,  and  eyes ;  the  muscular  movements ;  the  development  of 
faculties ;  longevity,  fecundity,  and  plasticity  under  change  of  envi- 
ronment ;  and  vigor?  and  what  are  the  legitimate  inferences  to  be 
drawn  from  such  investigations? 

Finally,  by  what  devices  can  the  multitudinous  correlations  of 
structure  and  function  in  the  human  body  find  expression  in 
graphic  methods? 

Another  set  of  observers  must  now  be  brought  into  this  great 
laboratory.  We  have  to  deal  with  a  group  of  animals  in  which 
intelligence  has  manifested  itself  to  such  a  degree  as  to  dominate 
all  other  functions.    Teleological  inquiries  can  be  no  longer  ex- 
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eluded.  Hitherto  the  application  of  scientific  methods  to  the  mind 
has  rcquireil  that  we  should  be  satisfied  with  sensuous  results  of 
thought,  and  forbidden  us  to  inquire  into  the  nature  of  the  mind 
itself.  Now,  we  are  met  at  the  outset  with  this  puzzling  question  : 
Shall  consciousness,  or  introspection  be  admitted  as  an  instrument 
of  obser^'ation  ? 

How  are  we  to  record  its  dicta?  and  how  (to  borrow  a  term 
from  the  astronomers)  shall  we  eliminate  the  personal  equation  ? 

Or,  if  we  are  not  in  a  position  to  admit  introspection  among  our 
tools  of  observation,  can  we  not  invent  some  delicate  apparatus 
by  means  of  which  the  strength  of  feeling  and  the  inmost  thoughts 
may  be  known  and  measured  ? 

Does  the  brain  generate  thought  as  the  liver  generates  bile  ? 

What  can  science  tell  us  concerning  the  existence  of  a  human 
Boul,  non-material,  and  not  susceptible  of  measurement  by  the 
standards  of  well-known  forces  ? 

How  does  it  come  about  that  children  inherit  the  traits,  tenden- 
cies, and  faculties  of  their  progenitors? 

By  what  routes  does  the  mind  pass  on  its  way  from  infancy  to 
maturity  ? 

What  use  should  be  made  of  the  multitudes  of  inquiries  prose- 
cuted with  reference  to  the  minds  of  animals,  in  the  stwdy  of 
hnman  reason  ? 

The  student  of  anthropology  frequently  finds  himself  in  sympa- 
thy with  Woi'dsworth,  singing, — 

'*  Oar  birth  is  bat  a  sleep  and  a  forgetting; 
The  soul  that  rises  with  us,  oar  life's  star, 
Hath  had  elsewhere  its  setting, 
And  Cometh  from  afkr.** 

If,  as  Mr.  Spencer  says,  that  which  we  inherit  represents  the 
accumulated  experiences  of  a  thousand  generations,  is  it  also 
possible  to  retain  the  consciousness  of  those  experiences?  Will 
the  sensitiveness  of  consciousness  keep  pace  with  the  growth  of 
knowledge,  and  obviate  the  necessity  of  laborious  records?  In 
which  cose  we  should  have  mental  and  spiritual  atavism  explained, 
and  that  universal  S3'mpathy  felt  by  cultivated  people  for  those 
standing  on  the  lower  steps  of  civilization. 

Now,  whatever  thoughts  any  other  creature  than  ourselves  may 
have,  and  leaving  out  the  possibility  of  mechanical  mind-reading 
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in  the  future,  up  to  this  time  the  only  knowledge  men  have  gained 
about  one  another's  thoughts  has  been  acquired  from  expression. 
The  expression  of  thought  is  language.  Dr.  Hoffman  finds  lan- 
guage in  rock  paintings  and  carvings;  Col.  Mallei-y,  in  gestures; 
Mr.  Thomas,  in  the  Maya  liieroglyphics ;  and  the  glossologists.  in 
human  utterance.  Happily  for  us,  they  are  a  clever  set,  and  well 
up  in  their  craft.  Let  us  hear  some  of  the  questions  thej  are 
discussing : — 

What  are  all  the  devices  employed  by  living  creatures  to  express 
their  thoughts,  emotions,  and  volitions  ? 

Which  took  precedence  in  the  origin  of  language,  signs,  or  vocal 
utterances? 

What  is  the  explanation  of  the  origin  of  language? 

What  light  does  language  throw  upon  the  origin  of  species? 

Is  the  evolution  of  language  a  safe  guide  to  the  knowledge  of 
the  unfolding  of  the  human  mind  ? 

By  what  lines  have  the  forms  of  speech  pr(^essed  ? 

How  far  is  similarity  of  language  an  evidence  of  consanguinity 
among  peoples? 

Is  there  a  genetic  relationship  between  monos3*llabism,  polysyn- 
thetism,  and  inflection? 

What  credit  must  be  given  to  the  ear,  and  the  invention  of 
writing,  in  the  conservation,  and  lines  of  progress,  of  language? 

How  should  languages  be  classified  ? 

Here  we  may  leave  the  students  of  language,  and  take  a  new 
guide.  Looking  over  the  earth,  we  behold  men  divided  into  races 
or  consanguineous  groups,  filled  with  race  prejudices,  and  restricted 
by  race  capabilities. 

What  are  those  external  and  anatomical  characteristics  which 
have  become  transmissible  by  inheritance?  When  and  how  were 
they  fixed  ?  Are  we  to  imagine,  with  Dr.  EoUmann,  that  certain 
race  forms  were  fixed  far  back  in  the  past.  Just  as  the  chemical 
elements  were  made  irresolvable  b}'  a  former  state  of  matter? 

Of  these  heritable  marks,  which  is  the  best  criterion  of  race, — 
the  skull,  the  color  of  the  skin,  the  texture  of  the  hair,  language, 
art,  social  organization,  or  mythology?  oris  it  certain  fixed  corre- 
lations of  these  and  other  characteristics?  If  so,  what  are  the 
laws  of  correlation  and  conservation  in  the  races?  Should  the 
same  set  of  structures  be  depended  on  in  each  race?  How  many 
races  of  men  are  there?  and  are  these  species,  or  vaileties? 
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In  what  manner  should  the  question  of  race  enter  into  the  ad- 
ministration of  politics,  economy,  education,  and  colonization  ? 

It  is  impossible  to  say  when  this  subject  of  race  first  became 
attractive  to  human  minds.  In  the  oldest  histories  and  on  very 
ancient  monuments,  are  to  be  seen  attempts  to  classify  the  families 
of  mankind.  In  all  the  encyclopaedias,  under  the  word  "ethnology" 
will  be  found  the  schemes  of  modern  writers.  But,  since  the  com- 
mencement of  our  century,  the  subject  has  been  taken  out  of  the 
hands  of  individuals,  and  has  engrossed  the  attention  of  societies. 
Manuals  of  instruction  have  guided  the  voyager  and  the  traveller 
in  recording  the  characteristics  of  races.  In  Stanford's  Compen- 
diums,  based  on  von  Ilellwald,  Prof.  A.  II.  Keane  has  commenced 
a  codification  and  sj'nonymy  of  all  the  tribes  of  men.  This  he  pro- 
poses to  follow  up  with  a  biographical  dictionary  of  tribes.  The 
Bureau  of  ethnology  has  collated  the  names,  priscan  homes,  mi- 
grations, and  bibliography  of  all  the  North  American  Indian  tribes  ; 
so  that  we  are  in  a  fair  way  to  know  something  about  the  races  of 
men,  by  proceeding  from  particulars  to  a  general  view. 

Passing  from  man  to  his  works,  we  are  face  to  face  with  aesthetic 
and  practical  art  as  a  unique  study.  All  art  relates  to  human  de- 
sires for  food,  clothing,  shelter,  for  activity  in  peace  and  war,  for 
beauty,  for  social  and  spiritual  happiness.  Mr.  Tylor  has  taught 
us  to  look  upon  art  products  as  species  that  have  had  an  evolution, 
a  life  history  ;  and  this  was  very  much  the  plan  of  Gustav  EHemm. 
This  sort  of  study  has  captivated  many  anthropologists,  and  they 
are  asking  such  questions  as  these  : — 

Admitting  that  the  arts  have  been  progressive,  what  have  been 
the  Hues  of  their  elaboration? 

May  we,  by  a  process  of  elimination,  trace  backward  the  life  his- 
tory of  each  art,  as  would  a  patent  attorney  or  a  chancery  Iaw3'er? 

At  what  degree  of  workmanship  may  we  be  sure  that  flakes  of 
flint,  gashed  bones,  and  wrought  wood,  give  evidence  of  human 
handicraft? 

When  does  similarity  of  art-forms  indicate  social  or  commercial 
contact?  when,  consanguinity?  and  when,  merely  the  same  grade 
of  culture  ? 

Is  degenerate  art  a  facsimile  of  early,  progressive  art? 

Is  it  allowable  to  fill  up  the  gaps  in  the  arts  of  any  tribe  by 
seemingly  intermediate  forms  from  other  tribes  ? 

Whence  is  the  sense  of  beauty? 
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The  answers  which  we  unconsciously  give  to  these  queries  are 
the  major  premises  of  our  arguments  respecting  the  history'  of  cIt- 
ilization. 

By  marriage  in  some  of  its  forms,  human  beings  are  united  into 
consanguineous  groups,  whose  varied  needs  demand  and  produce 
many  bonds  of  union,  and  widen  the  separation  from  other  groups. 
With  reference  to  each  set  of  duties  in  the  tribe,  unwritten  or  writ- 
ten codes  embody  a  system  of  ethics,  regulating  conduct  in  every 
pai'ticular.  Farther  on  in  tlieir  history,  groups  have  relations  of 
war  and  peace,  and  the  absorption  of  homogeneous  and  hetero- 
geneous peoples  into  a  defined  area  gives  rise  to  nationalities. 

Were  men  ever  herded  together  in  promiscuity  ? 

What  were  the  earliest  forms  of  social  life? 

What  were  the  roost  primitive  forms  of  marriage  in  groups? 

Have  all  tiie  tribes  of  men  passed  through  the  same  systems  of 
consanguinity  and  affinity  ? 

Can  the  highest  systems  of  altruistic  ethics  be  explained  by 
natural  processes? 

What  are  the  most  beneficial  relations  of  labor  to  natural  re- 
sources ?  and  how  have  the  present  relations  been  brought  about  ? 

What  is  the  history  of  the  control  of  the  boily  politic  over  the 
individual,  and  of  the  jurisdiction  of  corporations  ?  and  to  what  ex- 
tent may  individual  freedom  be  controlled  without  discouraging 
private  ambition  ? 

What  has  been  the  life  history  of  communism,  crime,  fashion, 
and  politics? 

Is  it  possible  to  regard  and  define  facts  in  sociology  by  the  terms 
of  physical  science? 

Again,  these  human  beings  spend  a  great  portion  of  their  time 
acting  and  speaking  as  if  other  eyes  and  ears  than  those  of  mortals 
were  cognizant  of  them.  In  the  darltest  nights,  at  the  rising  sun, 
throughout  the  day,  at  certain  seasons  of  the  year,  this  unseen 
world  is  invoked.  In  groves,  in  caverns,  in  estufas,  or  in  costly 
temples,  it  is  all  the  same :  praises,  petitions,  and  offerings  confront 
the  inscrutable  power  that  can  work  men  weal  or  woe. 

IIow  (lid  man  come  to  believe  in  the  animation  of  things,  fetiches, 
the  wanderings  of  ghost-souls,  spirits  benevolent  and  malignant, 
the  gods  of  classic  mythology,  and  the  Great  Father  of  all? 

What  arc  the  first  conceptions  of  children  respecting  such  things? 
and  will  these  guide  us  aright  to  the  childhood  of  faith? 
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Has  the  history  of  mythology  run  parallel  with  the  history  of 
material  and  intellectual  progi^ess  ? 

How  may  we  divest  ourselves  of  the  personal  equation,  and  learn 
the  true  psychology  of  savage  worship  ? 

Is  Dr«  Brinton  right  in  applying  the  rules  of  interpretation 
adopted  for  Aryan  mythology  to  American  Indian  myths,  and  in 
assuming  that  their  crude  stories  are  disguised  deifications  of  the 
phenomena  and  powers  of  nature  ? 

Finally,  as  men  wander  about  the  earth,  and  certain  families 
are  to  be  found  chiefly  in  certain  localities,  so  is  it  with  races. 
Longevit}',  fecundity,  and  vigor  are  influenced  by  such  causes  as 
height  above  the  sea-level,  purity  of  the  atmosphere,  amount  and 
distribution  of  heat,  moisture,  winds,  fertility  of  the  soil,  and 
proximities,  whether  they  be  vegetal,  animal,  or  human,  whether 
they  be  beneficial  or  injurious. 

By  what  subtle  chemistries  of  the  things  around  us,  by  what  ex* 
posures  in  this  terrestrial  camera,  come  to  pass  the  various  hues 
of  the  skin  and  hair  and  eyes,  the  long  skull  and  the  short  skull, 
the  long  face  and  the  broad  face,  and  the  fixed  compounds  called 
natorai  characteristics  ? 

By  what  processes  of  selection  and  adaptation  has  this  cosmo- 
politan species  come  to  occupy  the  whole  earth,  its  genial  climes, 
its  frozen  areas,  and  its  fever-cursed  tropics? 

Is  it  possible  to  control  these  phenomena,  or  to  adjust  the  human 
machine  so  as  to  anticipate  and  assist  nature,  to  expedite  natural 
selection  and  the  survival  of  the  fittest?  or  even  to  subdue  nature, 
and  decide  for  her  what  shall  be  the  fittest  to  survive? 

From  this  hasty  survey  of  the  scope  of  anthropology,  we  return 
to  inquire  what  benefit  the  world  derives  from  the  cultivation  of 
this  science. 

I  answer,  first,  that  every  study  is  improved  by  study.  All 
things  become  clearer  to  him  who  steadily  fixes  his  gaze  upon 
them.  The  sciences  all  began  with  vain  speculations, — astronomy 
with  astrology,  chemistry  with  alchemy,  geology  with  cosmogo- 
nies, biology  with  nature-worship,  and  theology  with  mythology. 
Long  before  the  word  "anthropology"  was  employed  in  its  present 
acceptation,  Alexander  Pope  wrote,  "  The  proper  study  of  man- 
kind is  man."  But,  millenniums  before  his  day,  mankind  studied 
mankind  by  the  light  of  their  time.  The  study  of  man  is  no  new 
tiling,  therefore.    Now,  since  human  thought  has  run,  and  will 
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continue  to  run,  in  that  direction,  it  becomes  onr  privilege  to  re- 
joice that  the  stream  has  in  these  last  days  ran  wider  and  deeper 
and  clearer.  The  proper  study  of  mankind  is  the  scientific  study 
of  man,  the  multiplication  of  ngorously  exact  observations,  the 
collection  of  thousands  of  well-authenticated  specimens,  the  classi- 
fications of  both  observations  and  specimens  on  rational  bases, 
and  the  limitation  of  our  conclusions  to  the  extension  of  onr  prem- 
ises. Some  of  my  hearers  have  worked  systematically  and  patiently 
for  years  at  American  arcbieology,  and  the  anthropology  of  the  mod- 
ern Indians ;  and  you  rejoice  with  me  to-day  that  our  science  has 
at  last  attained  dignity  and  respect.  With  profound  veneration  I 
mention  the  names  of  Hildreth,  Atwater,  Stephens,  Gibbs,  School- 
craft, Morton,  Gallatin,  Wyman,  Squier,  and  Davis :  with  what 
buoyant  hope  they  looked  forward  to  this  daj',  and  with  what  ex- 
quisite pleasure  must  such  living  witnesses  of  the  beginning  as 
Horatio  Hale,  Col.  Whittlesey,  Dr.  Jones,  and  Mr.  Hempstead 
now  contemplate  the  progress  of  solid  work  I  The  Smithsonian 
Institution  will  have  to  republish  Squier  and  Davis,  with  man}*  ad- 
ditions and  corrections  by  Dr.  Rau ;  the  Bureau  of  Ethnology  will 
antiquate  Schoolcraft  and  Gallatin  and  Gibbs ;  Morton's  and  W}'- 
man's  work  will  be  entirely  superseded  by  that  of  the  Peabody 
Museum  and  the  Army  Medical  Museum.  The  Archseologica)  In- 
stitute of  America  will  throw  new  light  upon  the  researches  of 
Stephens  ;  and  Mr.  II.  H.  Bancroft  will  make  it  entirely  nnneces- 
sary  to  wade  through  thousands  of  pages  of  ancient  Spanish  liter- 
ature. Therefore  the  first  and  most  beneficial  result  of  modern 
anthropology  has  been  the  direction  of  an  immense  amount  of 
rambling  and  disorganized  labor  into  systematic  and  rational  em- 
ployment. This  clearing  of  rubbish,  coiTection  of  misconceptions, 
cultivation  of  a  modest  spirit,  willingness  to  abide  the  result, 
multiplication  of  materials,  refinement  of  instruments,  improve- 
ment of  processes,  in  a  study  which  thousands  are  determined  to 
pursue,  must  strike  every  thinking  person  as  a  wonderful  reforma- 
tion. 

Secondly,  the  value  of  a  study  must  be  estimated  by  its  efTects 
upon  human  weal.  Farmers,  miners,  fishermen,  lumbermen,  me- 
chanics, are  slow  to  recognize  their  debts  to  the  man  of  science. 
But  who  can  estimate  the  millions  of  dollars  saved  by  such  studies 
as  those  of  Packard,  Riley,  and  Thomas,  on  the  grasshop[>er,  po- 
tato-beetle, and  army  and  cotton  worms,  and  the  confidence  engen- 


ADDRESS  BT  OTIS  T.   MASON.  877 

dcred  by  the  belief  that  a  knowledge  of  the  habits  of  these  animals 
would  lead  to  their  conquest?  It  would  take  but  a  few  moments  to 
sliow  that  this  argument  applies  with  manifold  force  to  the  study 
of  man  himself. 

It  is  not  enough  for  the  good  pliysician  to  know  the  nature  of 
remedies,  or  the  use  of  knives  and  diagnostic  apparatus.  Sad  will 
be  his  use  of  these  if  he  has  not  familiarized  himself  with  the 
structure  of  the  human  body  in  health  and  in  disease,  and,  above 
all,  if  he  has  not  made  a  correct  diagnosis  of  his  patient's  case. 
Are  not  all  the  questions  asked  in  the  first  part  of  this  discourse, 
and  many  others  agitated  b}'  anthropologists,  connected  with  hu- 
man welfare?  Do  they  not  relate  to  the  body,  mind,  and  speech  of 
man,  to  the  races  of  mankind,  their  arts,  amusements,  social  needs, 
political  organizations,  religion,  and  dispersion  over  the  earth? 
For  instance,  the  French  in  Africa,  the  British  in  India,  and  our 
own  citizens  in  malarious  and  fever-laden  regions, —  have  they  not 
learned  from  loss  of  treasure,  ruined  health,  and  the  shadow  of 
death,  that  there  is  a  law  of  nature  which  cannot  be  transgressed 
with  impunity? 

It  isthe«ame  with  sociology  and  religion.  The  pages  of  history 
glow  with  the  narratives  of  crusades  against  alleged  wrongs,  which 
were  in  reality  campaigns  against  the  sacred  laws  of  nature.  So- 
cial S3' stems,  which  had  required  centuries  to  crystallize,  have  been 
shattered  in  the  effort  to  bend  them  to  some  new  order  of  things. 
Arts  and  industries  planted  in  uncongenial  soil,  at  great  ex- 
pense, have  brought  ruin  upon  their  patrons,  who  had  not  studied 
the  intricate  laws  of  environment. 

What  a  modification  of  temper,  for  instance,  has  been  wrought 
among  Indo-Germanic  peoples  by  those  studies  in  comparative 
philology  which  have  led  them  by  the  hand  back  to  their  priscan 
home,  and  demonstrated,  that  though  they  may  have  aggregated 
into  antagonistic  nationalities,  and  fostered  inimical  industries, 
the  same  blood  courses  through  their  veins ! 

The  better  knowledge  of  race  and  race  peculiarities  has  revolu- 
tionized and  humanized  the  theories  of  aborigines.  The  doctrine 
of  extermination,  formerly  thought  to  be  the  only  legitimate  result 
of  colonization,  has  become  as  odious  as  it  is  illogical. 

The  inductive  study  of  mind  has  hardly  begun  ;  but  how  much 
more  successfully  and  rapidly  will  education  and  the  development 
of  the  species  progress  when  the  teacher  and  the  legislator  can  pro- 
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ceeil  at  once  from  diagDOsis  to  safe  prescription^  when  naiaral  se- 
lection and  human  legislation  shall  cooperate  in  the  more  speed j 
survival  of  the  fittest  I  The  time  seems  to  me  to  have  arrived  when 
our  great  anthropological  societies  and  institutions  should  institute 
a  systematic,  cooperative  study  of  psychology'. 

In  a  land  where  the  archaeologist  may  tally  off  most  of  his  finds 
by  savage  implements  in  use  at  his  very  door,  it  seems  like  pre- 
sumption to  speak  to  you  of  the  advantages  of  the  most  careful 
archaeological  methods.  But  there  is  a  difference  between  the  old 
and  the  new  archaeology.  There  are  times  in  the  settlement  of  a 
new  country,  when  every  man  is  his  own  carpenter,  smith  and 
physician.  But  how  soon  your  energies  have  worked  out  of  that ! 
Now  I  speak  only  of  professional  archaeology  and  its  advantages. 
How  many  errors  of  his  predecessors  has  Mr.  Putnam  alone  cor- 
rected? We  have  all  read  with  pleasure  his  recent  correction  of 
Dr.  Hildreth's  mistakes  about  iron  in  the  mounds.  It  is  so  with 
your  archieological  collections :  only  those  gathered  in  a  scientific 
spirit  will  have  any  lasting  value.  But  in  the  accnmulation  and 
preservation  of  such,  you  are  the  storers  of  force  of  the  greatest 
value.  You  are  recovering  the  scattered  fragments  of  an  ancient 
mosaic  which  will  one  day  be  reset,  and  its  legend  will  be  the  lost 
history  of  prehistoric  man. 

The  third  benefit  to  which  I  will  call  your  attention  is  the  op- 
portunity which  the  science  affords  for  the  exercise  of  every  talent, 
even  the  highest.  The  difiSculty  of  any  problem  depends  upon  the 
number  or  the  degree  of  its  unknown  quantities.  When  facts  were 
few,  and  the  data  of  our  science  were  beclouded  with  many  sources 
of  error,  no  wonder  that  men  of  logical  minds  left  these  investiga- 
tions to  those  of  a  more  imaginative  disposition.  Their  crude, 
preliminary  efforts  have  given  place  to  organized  work,  directed  by 
men  of  the  greatest  executive  ability,  assisted  by  skilful  special- 
ists, and  endowed  both  by  private  munificence  and  by  public  appro- 
priation. Not  to  go  l)eyond  the  limits  of  our  own  country,  we  all 
point  with  pride  to  the  Peabody  Museum,  the  Archaeological  Insti- 
tute of  Amenca,  the  American  Antiquarian  Societ}*,  the  museums 
of  New  York  cit}'  and  of  Philadelphia,  the  Smithsonian  Institution, 
National  Museum,  Bureau  of  Ethnology,  Aimy  Medical  Museum, 
and  the  Anthropological  Society  at  Washington,  the  academies  of 
Cincinnati,  St.  Louis,  and  Davenport,  and  the  historical  societies 
of  many  of  our  states,  including  the  Minnesota  collections. 
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Now,  the  special  merit  of  such  great  centralization  of  resources 
is  that  everybody  can  study  something.  It  is  possible  for  every 
craft  and  profession  thus  to  prosecute  its  researches  and  to  make 
its  contributions.  Duiing  the  past  winter,  papers  were  read  before 
the  Anthropological  Society  at  Washington  by  comparative  anato- 
mists, biologists,  iirchseologists,  geologists,  physicians,  pale- 
ographers, sign-linguists,  philologists,  patent-examiners,  artists, 
statisticians,  sociologists,  clergymen,  metaphysicians,  and  ethnog- 
raphers. And  this  does  not  exhaust  the  scheme.  Mothers, 
school-teachers,  those  in  charge  of  the  insane,  of  the  criminal,  and 
of  the  defective  classes,  lawyers,  mechanics,  musicians,  philanthro- 
pists, legislators,  may  all  contribute  to  this  science  some  handi- 
work which  will  help  to  make  the  pile  complete.  To  be  still  more 
personal,  permit  me  to  say  to  each  one  before  me,  that  there  is 
anthropological  work  which  your  peculiar  occupation  fits  you  to  do 
better  than  any  one  else  on  earth.  For  example,  a  distinguished 
ornithologist,  Mr.  Henshaw,  has  recently  identified  all  the  birds 
in  the  well-known  mound-pipes.  An  artist,  Mr.  Holmes,  has  suc- 
ceeded in  bringing  order  out  of  confusion  in  the  shell  ornaments  of 
the  mounds.  A  patent-examiner,  Mr.  Seely,  traces  backward  ab- 
original art.  A  general  in  the  British  army,  Pitt-Bivei's,  worked 
oat  the  history  of  the  elaboration  of  the  implements  of  war.  An 
educator,  Mr.  Peckham,  has  recently  given  us  the  result  of  a  labo- 
rious investigation  on  the  growth  of  children.  The  geologists 
must  interpret  for  us  the  significance  of  our  discoveries  in  the  drift. 
Where  can  I  stop?  I  will  boldly  avow  that  the  day  of  tyros  is 
gone.  There  is  a  great  multitude  of  collectors  throughout  our 
states  who  will  have  to  go  to  school  to  Professor  Putnam,  or  Dr. 
Rau,  or  Dr.  Thomas,  before  they  will  have  the  faintest  conception 
of  the  significance  of  their  treasures. 

The  inevitable  result  of  special  research  is  generalization.  Kep- 
ler, Newton,  Count  Rumford,  Eirchhoff,  Bunsen  and  Darwin,  are 
names  that  stand  for  these  processes  in  material  science.  To 
Herbert  Spencer  we  are  indebted  for  the  first  efibrt  in  this  direc- 
tion respecting  human  phenomena,  and  his  work  will  be  revised 
and  corrected  by  those  who  will  approach  the  task  with  better  in- 
struments and  more  reliable  material. 

In  this  heaving  mass  of  humanity,  returning  into  itself  ever 
with  vast  gulf-streams  and  eddies,  each  actuated  by  its  special 
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forces,  there  is,  after  all,  orderly  motion.  We  discover  that  onr 
little  circle  is  part  of  a  greater  circle,  and  for  a  moment  the  mind 
is  satisfied  in  the  contemplation  of  this  wider  truth.  Becovering, 
and  renewing  oar  investigation,  the  fact  is  reached,  that  this  and 
its  congeneric  circles  are  part  of  a  greater  movement  more  com- 
plicated and  perplexing.  By  the  pursuit  of  fiiis  wider  knowledge 
the  intellect  is  strengthened,  and  thereby  is  brought  about  the 
natural  selection  of  the  mind.  While  many  tire,  or  are  unable  to 
comprehend  the  situation,  others  press  on,  and  grow  strong  by  the 
effort. 

The  last  advantage  of  which  my  time  will  allow  me  to  speak,  is 
the  assistance  which  such  studies  render  to  philanthropy  and  l^- 
islation. 

Standing  on  the  deck  of  a  steamer,  and  looking  at  the  land  left 
behind,  we  seem  to  be  but  a  mile  or  two  away.  We  are  surprised 
with  the  information,  that  what  seems  so  near  is  many  miles  dis- 
tant.  It  is  so  with  human  history.  In  our  childhood  we  believed 
that  the  first  man  walked  the  earth  only  a  few  centuries  ago.  All 
the  events  known  to  us  then  could  easily  have  occurred  in  that 
brief  period.  The  increase  of  knowledge  expands  the  boundaries 
of  time,  and  the  origin  of  man  is  now  lost  in  the  mists  of  the 
past.  Could  anything  fill  our  minds  with  greater  love  for  our  race 
than  the  magnificent  struggle  they  have  made  in  these  millenni- 
urns?  At  the  other  end  of  the  journey  we  were  little  better  than 
brutes,  and  now  we  look  out  upon  the  cosmos  as  something  rea- 
sonably comprehended. 

If  ^^  pity  for  a  horse  o'er-driven  "  fills  the  heart  of  the  poet,  with 
what  tenderness  should  we  look  upon  the  savage  races,  and  re- 
member that  the  wjiole  family  of  man  has  stopped,  some  time  or 
other,  at  that  way-side  inn  1  Each  aberrant  form,  abnormality, 
criminal,  dwarf  and  giant,  shows  the  by-paths  of  human  growth 
into  which  our  life-stuff  may  have  wandered.  The  arrow  is  the 
parent  of  the  cannon-ball ;  the  stone  or  bone  si)ear-ix>int,  of  the 
bayonet ;  the  flint  chip,  of  all  edged  tools ;  the  cave-man,  of 
the  French  savant ;  the  hut,  of  the  palace ;  the  tattoo,  of  regalia ; 
the  gorget,  of  the  crown  Jewels ;  the  quipu  and  pictograph,  of  the 
printed  book  ;  promiscuous  concubinage,  of  holy  wedlock  ;  the  hunt- 
ing-party of  societ}' ;  the  clan,  of  the  state ;  the  fetich,  of  the  pan- 
theon ;  and  universal  animism,  of  universal  causation.    Instead  of 
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onr  ancestral  belief  in  a  tree  with  roots  in  the  earth  and  branches 
in  heaven,  our  tree  has  its  roots  in  the  past,  and  is  ever  putting 
forth  leaves  and  flowers  in  a  brighter  present. 

All  sciences  are  retrospective.  The  astronomer,  the  physicist, 
the  biologist,  find  the  bases  of  their  prophecies  in  the  past  history 
of  the  universe.  The  statesman,  if  he  be  wise,  will  imitate  their 
example,  and  feel  secure  of  his  legislation  for  the  future  only  so 
far  as  it  is  founded  upon  an  intimate  knowledge  of  the  past. 

The  value  of  this  study  to  philanthropy  is  easily  shown.  With 
what  admiration  do  we  read  of  the  devotion  of  those  missionaries 
who  have  suffered  the  loss  of  all  things  in  their  propagandist  zeal. 
Science  has  her  missionaries  as  well  as  religion,  and  the  scien- 
tific study  of  peoples  has  notably  modified  the  methods  of  the 
Christian  missionary.  The  conviction  that  savage  races  are  in 
possession  of  our  family  records,  that  they  are  our  elder  kindred, 
wrinkled  and  weatherbeaten  mayhap,  but  3*et  worthy  of  our  highest 
respect,  has  revolutionized  men's  thoughts  and  feelings  respect- 
ing them.  The  Bureau  of  Ethnology  has  its  missionaries  among  * 
many  of  the  tribes  in  our  domain,  no  longer  bent  on  their  destruc- 
tion, but  treating  them  with  the  greatest  consideration,  in  order 
to  win  their  confidence,  to  get  down  to  their  level,  to  think  their 
thoughts,  to  charm  from  them  the  sibylline  secrets.  It  sounds 
something  like  the  old  Jesuit  relations,  to  hear  of  Mr.  Gushing  at 
Zuni,  eating  vile  food,  wearing  savage  costnme,  worshipping  na- 
tare-gods,  subjecting  himself  to  long  fasting  and  vigils,  commit* 
ting  to  memory  dreary  rituals,  standing  between  disarmed  Indians 
and  their  white  enemies  on  every  hand,  in  order  to  save  their  con* 
tributions  to  the  early  history  of  mankind.  Yon  will  recall  the 
fact,  that  an  honorable  senator  more  than  a  year  ago  ofiTered,  as 
an  argument  against  sudden  disruption  of  tribal  affinities,  an  elab- 
orate scheme  of  the  Wyandotte  confederacy.  Max  Miiller  says, 
*^  He  who  knows  little  of  those  who  preceded  him  is  likely  to  care 
little  for  those  who  come  after.  Life  would  be  to  him  a  chain  of 
sand,  while  it  ought  to  be  a  kind  of  electric  chain  that  makes  our 
hearts  vibrate  with  the  most  ancient  thoughts  of  the  past  as  well 
as  the  most  distant  hope  of  the  future." 

In  the  study  of  this  anthropo-cosmos,  as  in  other  studies,  we 
are  brought  face  to  face  with  the  inscrutable.  In  these  voyages 
of  discovery  we  have  no  right  to  expect  that  we  shall  ever  find  a 
passage  to  the  ultimate  truth.    As  with  the  child,  so  with  the  man ; 
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as  with  the  individnal,  so  with  the  race ;  as  in  the  past^  so  in  the 
present  and  the  fature,—  the  solution  of  one  problem  only  prepares 
the  way  for  many  far  more  complicated.  With  all  onr  sciences 
comes  the  consciousness  of  new  ignorances.  There  is  more  known 
to  be  unknown  now  than  when  wise  men  knew  that  they  did  not 
understand  many  things  well  known  to  us.  So  will  it  ever  be. 
Just  about  one  hundred  years  ago,  Peter  Camper's  measurements 
of  the  facial  angle,  with  a  few  observations  on  height  and  weight, 
were  thought  to  be  all  that  anthropometry  could  furnish  to  the  nat- 
ural history  of  man.  In  1881,  Paul  Broca  laid  down  for  the  skoll 
and  the  encephalon  more  than  one  hundred  and  fifty  measurements; 
and  the  Germans  go  beyond  that.  Think  you,  the  weighing  and 
measuring  will  stop  at  these  ?  We  are  Just  on  the  threshold  of  ap- 
plying experienced  training  and  instruments  of  precision  to  the 
study  of  man.  Examine,  if  you  please,  the  circulars  for  informal 
tion  issued  by  the  old  Paris  ethnological  societ}-,  Albert  Gallatin, 
Lepsius,  Max  Muller,  and  the  Smithsonian  Institution,  with  those 
**  published  for  the  No  vara  expedition,  by  the  British  Association, 
Ealtbriinner,  Roberts,  the  new  Paris  society,  or  Major  Powell, 
and  yon  will  have  ocular  evidence  of  the  advance  of  anthropolc^. 
But  there  is  no  Ultima  Thule  in  science.  No  question  pro- 
pounded to  nature  will  ever  be  answered.  I  can  imagine  the  night 
of  despair  that  would  settle  around  any  one  of  my  hearers  when 
he  had  reached  the  consciousness  of  having  gathered  the  whole 
harvest  of  truth.  On  the  other  hand,  I  am  sorry  to  hear  any  of 
our  great  thinkers  uttering  the  words  ignoramtts  et  tgnorabimus  as 
a  wail  of  despair.  They  should  be  to  all  the  sweet  voice  of  hope. 
They  do  not  mean  that  we  know  nothing,  or  that  we  shall  ever  re* 
main  totally  ignorant.  Fresh,  vigorous,  buoyant,  science  feels  it- 
self to  be  on  a  pleasant  journey,  whose  destination  may  remain 
unknown,  but  every  mile  of  whose  progress  unfolds  new  vistas  of 
beauty  and  variety  in  nature,  each  transcending  the  other. 

I  congratulate  you,  dear  iViends,  that  the  American  Association 
has  delegated  to  you  such  an  important  trust.  The  illustrions 
names  to  be  found  among  our  members  and  fellows  are  a  snfflcient 
guaranty  that  you  have  lighted  your  torches,  and  that  our  science 
will  not  be  a  laggard  in  this  grand  march.  Professor  Henry  said, 
in  1859,  '^The  grand  statement  cannot  be  too  often  repeated,  that 
each  branch  of  knowledge  is  connected  with  every  other,  and  that 
no  light  can  be  gained  in  regard  to  one  which  is  not  reflected  npon 
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all"  (Smith.  Rep.,  1859,  p.  15).  We  may  go  farther,  and  say, 
that,  whenever  any  marked  generalization  is  made  in  any  science, 
all  other  sciences  proceed  at  once  to  put  themselves  in  line  with 
the  new  order.  It  is  the  duty  of  the  anthropologists,  therefore, 
not  only  to  rejoice  in  the  growing  light  of  chemistry  and  biology, 
but,  quickened  by  their  warmth,  to  put  forth  new  life  and  vigor, 
and  to  apply  to  their  investigations  the  most  refined  instrumental- 
ities and  the  most  subtile  thought ;  believing  with  Lord  L^^tton 
*^  that  man  is  a  subject  of  far  nobler  contemplation,  of  far  more 
glowing  hope,  of  a  far  purer  and  loftier  vein  of  sentiment,  than  all 
the  '  floods  and  fells'  in  the  universe." 


PAPEKS    READ. 


A  Classification  of  the  Sciences.     By  J.  W.  Powell  of  Wash- 
ington, D.  C. 


Vestiges  of  Glacial  Man  in  Central  Minnesota.    By  Fbanc 
£.  Babbitt  of  Little  Falls,  Momson  county,  Minn. 

[AB8TBJICT.] 

During  the  open  winter  of  1878-79  and  the  season  immediately 
succeeding  it,  the  writer  of  this  paper  gave  much  time  to  searches 
upon  certain  terrace  surfaces  of  the  Mississippi  river,  for  palaeo- 
lithic remains  supposed  to  exist  at  the  locality  under  examination. 
Rudely  worked  quartzes  had  previously  been  discovered  here  by 
the  state  geologist  of  Minnesota,  Prof.  N.  H.  Winchell,  by  whom 
they  had  been  described  and  figured  in  the  state  geological  I'eport 
for  1877.  The  field  thus  explored  lies  in  central  Minnesota,  about 
100  miles  northwest  of  St.  Paul,  and  within  the  township  and  vil- 
lage of  Little  Falls,  Morrison  county. 

The  find  reported  by  Prof.  Winchell  consists  of  chipped  objects 
of  a  class  generally  ascribed  to  what  is  called  the  rude  stone  age. 
Of  these  many  appear  to  be  mere  refuse,  while  others  are  regarded 
as  finished  and  unfinished  implements.  The  Winchell  specimens 
have  been  assigned,  upon  geological  ground,  to  a  prehistoric  era 
antedating  that  of  the  mound-building  races,  and  reaching  back  to 
a  time  when  the  drift  material  of  the  terrace-plain  was  jjjst  receiv- 
ing its  final  superficial  deposit.  It  is  found  that,  at  intervals,  the 
sarface  soil  of  the  terrace  contains  these  quartzes  to  a  depth  of, 
not  unfrequently,  three  or  four  feet. 

The  lowest  and  newest  formation  at  this  place  is  the  present 
flood-plain  of  the  river.  It  is  still  in  process  of  deposition,  being 
yet  snbject  to  partial  overflows  at  periods  of  exceptionally  high 
A.  A.  A.  8.,  VOL.  xxxn.  25  (385) 
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water.  In  that  portion  of  the  town  of  Little  Falls  situated  east 
of  the  Mississippi,  this  bottomland  is  limited  on  the  east  by  a 
high  ancient  river- terrace,  which  has  here  an  average  elevation  of 
about  25  feet  above  the  river  at  the  head  of  its  rapids  calle<l  Little 
Falls  (of  seven  feet  descent)  and  has  a  width  ranging  from  less 
than  a  mile  up  to  several  miles.  This  older  terrace,  like  the  pres- 
ent flood-plain,  has  been  spread  out  by  the  immediate  action  of  wa- 
ter. It  consists  of  stratified  gravel  and  sand,  and  forms,  according 
to  Mr.  Warren  Upham,  assistant  on  the  state  geological  survey,  a 
part  of  the  modified  drift  which  was  deposited  at  the  close  of  the 
last  glacial  epoch  of  the  great  ice  age,  by  the  floods  that  descended 
along  this  valley  from  the  melting  and  retreating  ice-sheet,  being 
derived  ft'om  the  portion  of  the  drift  which  had  been  contained  in 
the  lower  part  of  the  ice. 

While  occupied  in  examining  the  river  bank  at  Little  Falls  in 
quest  of  wrought  quartzes,  one  day  during  the  season  of  1879,  I 
had  occasion  to  ascend  a  slope  lying  between  the  new  flood-plain 
and  the  older  terrace,  by  a  path  leading  through  a  sort  of  gap  or 
notch  in  the  latter  (310  rods,  very  nearly,  or  almost  one  mile, 
north  of  the  east- west  road  by  Vasaly's  hotel ;  10  rods  west  of 
the  road  to  Belle  Prairie ;  and  38  rods  from  the  river).  For  the 
purpose  of  more  pronounced  distinction  I  will  denominate  the 
lower  and  higher  levels  under  consideration  as  bottomland  and 
terrace-plain,  respectivcl}'.  It  seemed  that  at  some  past  period  a 
cut  had  been  efi*ected  here  by  drainage,  and  that  the  washout  thus 
formed  had  afterward  been  deepened  by  being  used  now  and  then 
as  a  wagon  track.  In  this  notch  I  discovered  the  soil  to  be  thickly 
strewn  with  pieces  of  sharp,  opaque  quartz.  These  were  commonly 
of  a  white  color,  and  ranged  in  size  from  minute  fragments  to  bits 
as  large  as  a  man's  hand,  and  in  some  instances  even  larger. 
There  were  many  hundreds  of  these  chips  visible,  scattered  over 
an  area  the  width  of  the  wagon  road,  and  ten  or  fifteen  yards  in 
length.  They  were  conspicuously  unwaterwom,  and  likewise 
mostl}'  un weathered,  though  occasionally  a  bit  was  picked  np 
having  some  one  of  its  surfaces  weathered,  while  fractured 
or  wrought  faces,  appearing  upon  other  parts  of  it,  looked  as 
fresh  as  if  the  work  of  yestcrdaj'.  On  the  other  hand,  the  mass 
of  stone  rubbish  upon  and  among  which  the  quartzes  were  strewn 
is  much  waterworn,  manj'^  of  the  pieces  being  well  rounded,  while 
none  of  them  are  wholly  angular. 
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By  continued  observations  at  this  locality,  I  found  tliat  many  of 
these  quartz  chips  were  brouglvt  to  light  at  every  succeeding  fresliet 
of  the  season,  being  washed  out  of  the  sand  by  descending  drain- 
age. Their  immense  and  continuall}'  increasing  numbers  seemed 
to  warrant  the  belief  that  they  had  resulted  from  systematic  oper- 
ations of  some  sort,  once  conducted,  for  unknown  purposes,  upon 
this  particular  spot.  A  portion  of  the  studied  specimens  subse- 
quently yielded  evidence  of  having  received  shape  from  human 
bands,  and  therefore  it  was  assumed  provisional!}'  that  the  site  of 
exposure  represented  a  prehistoric  workshop. 

Prolonged  investigation  ensued ;  and  investigation  established 
the  hitherto  unsuspected  fact  that  no  quartz  chips  or  fragments 
were  enclosed  in  the  upper  part  of  the  gravel  and  sand  terrace  at 
the  notch,  nor  within  a  considerable  distance  at  either  hand, 
though  the}'  were  sought  with  careful  scrutin}'.  Since  November, 
1879,  at  which  time  the  studies  here  recorded  were  in  active  prog- 
ress, the  wagon  track  before  mentioned  has  been  converted  to 
public  use  as  a  highway,  and  has  been  repeatedly  graded  in  con- 
sequence. As  might  be  conjectured,  the  ground  has  been  much 
dug  over,  the  stratum  being  at  present  almost  broken  up  and 
destroyed,  if  not  wholly  so.  During  three  successive  seasons  the 
road  has  been  in  a  state  of  almost  constant  repair,  owing  to  its 
being  continually  used  for  the  heavy  work  of  dragging  logs  from 
the  bottomland  to  the  top  of  the  terrace-plain.  From  this  cause 
the  topography  of  the  spot  has  been  materially  modified  of  late, 
while  quartz  chips  from  the  bed  of  the  notch,  as  likewise  from  the 
stratum  at  first  undiscovered,  have  been  much  mixed  up  with  the 
surrounding  soil.  Primarily,  however,  as  I  permit  myself  to  reit- 
erate by  way  of  emphasis,  I  could  not,  with  a  great  deal  of  pains- 
taking, find  any  superficially  inhumed  quartz  fragments  at  the  point 
of  observation,  although,  as  shown  by  Prof.  Winchell,  and  as  I 
have  myself  had  abundant  occasion  to  observe,  sucli  quartz-chii> 
pings  occur  in  the  surface  stratum  of  the  terrace-plain  at  various 
isolated  localities  in  the  vicinity.  So  far  as  I  have  been  able  to 
{udge,  these  appear  in  groups  which  are  surrounded  by  considerable 
areas  containing  none.  The  absence  of  chips  above  a  plane  a  foot 
or  two  superior  to  that  of  their  bed  at  the  bottom  of  the  notch, 
was,  of  course,  a  marked  circumstance,  since  they  should  have 
occurred  plentifully  in  the  superficial  stratum,  had  the  notch  chips 
been  of  the  same  age  with  Prof.  Winchell's  find. 
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Ultimately  it  was  ascertained  that  the  notch  qnnrtzes  bad 
dropped  to  the  level  at  which  they  were  seen  from  a  thin  layer  of 
them  once  lying  from  ton  inches  to  two  feet  above  it,  and  subse- 
quently broken  up  through  the  wearing  away  of  the  sand  under- 
neath by  drainage.  This  layer  or  stratnm  was  still  intact  on  the 
north  and  south  and  partially  so  on  the  east,  in  which  direction  it 
had,  however,  at  certain  points,  suffered  some  displacement  by 
wagoning.  It  extended  in  a  nearly  horizontal  plane  into  the  terrace, 
in  the  sloping  edge  of  which  the  notch,  opening  into  its  west  bank 
and  truncated  at  its  edge,  is  cut.  The  eroded  gap  in  tliis  stratinn 
was  oblong  in  shape.  Its  outlines,  13'ing  within  the  slopes  of  the 
notch,  were  masked  from  ordinary  observation  by  thin  slides  of  soil 
from  higher  surfaces.  Both  the  inferior  and  superior  planes  of  the 
quartz-bearing  stratum  were  sharply  defined.  Its  horizontal 
boundaries  had  not  been  distinctly  reached  in  any  direction  at  the 
time  of  excavating  for  the  road,  and  thej*  have  since  Ixjen  partially, 
and  perhaps  wholly,  obliterated  by  the  grading  and  digging  over 
to  which  the  spot  has  been  subjected.  At  the  west,  the  stratum 
reached  to  the  limit  of  the  terrace,  which  is  bounded  by  a  steep 
slope.  The  quartz-bearing  layer  averaged  a  few  inches  only  in 
thickness,  varying  a  little  as  the  included  pieces  happened  to  k>e  of 
smaller  or  larger  size.  The  contents  were  commonly  closely  com- 
pacted, so  much  so  that  one  might  sometimes  extract  hundreds  of 
fragments,  many  of  them  very  small  ones,  of  course,  from  an  area 
of  considerably  less  than  a  square  yard. 

The  quartz  beil,  so  far  as  examined,  rested  upon  a  few  inches  of 
sandy  soil,  which  passed  downwaixl  into  a  coarse,  waterwom 
gravel,  immediately  overl^'ing  till.  Above  the  quartz  chips,  strat- 
ified gravel  and  sand  extend  up  to  the  surface  of  the  terrace. 
The  pebbles  of  the  gravel  l3-ing  directly  on  the  quartz-bearing 
stratum,  were  small  and  well  rounded,  and  were  noticeably  less 
angular  than  those  of  the  gravel  below.  The  stratnm  of  quartz 
chips  la3'  at  a  level  some  twelve  or  fifteen  feet  lower  than  the  plane 
of  tlie  terrace-top. 

These  observations  show  that  the  quartz  chips  were  spread 
originally  upon  an  ancient  surface  that  has  been  since  covered 
deeply  by  the  modified  drifts  which  foims  the  terrace.  It  will  be 
remembered  that  the  quartz  chips  and  implements  discovered  by 
Prof.  Winchell  in  this  vicinit3'  are  contained  in  the  upper  stratum 
of  the  terrace-plain ;  but  the  notch  quartzes  do  not  occur  at  the 
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terrace-top,  and  cannot  have  been  derived  from  it,  but  are  confined 
strictly  to  a  single  stratum  of  tiie  lower  gravels  closely  overl3'ing 
the  till.  Hence  the  two  sets  of  objects  cannot  be  synchronous, 
though  they  may  have  been  produced  by  the  same  race  at  different 
stages  of  its  existence.  The  notch  quartzes  must,  of  course,  be 
older  than  those  described  by  Prof.  Winchell,  by  at  least  the  lapse 
of  time  required  for  the  deposition  of  the  twelve  or  fifteen  feet  of 
modified  drift  forming  the  upper  part  of  the  terrace-plain,  above 
the  quartz-bearing  stratum. 

Some  of  the  quartz  chips  in  the  stratum  have  been  distinctly 
arranged  upon  the  floor  of  deposit  in  little  rudely  assorted  heaps 
or  groups  of  objects  of  particular  types.  During  the  summer  of 
1879,  upon  the  day  when  the  existence  of  the  quartz-bearing 
stratum  was  first  definitely  settled,  I  collected  from  it  about  half 
a  peck  of  the  quartz  pieces.  Among  these  appeared  a  group  of 
specimens  numbering  a  dozen  or  more,  which  belonged  to  a  type 
unknown  to  me  at  the  time.  The  most  finished  implements  of  this 
shape  have  delicate  fragile  edges,  formed  by  a  single  thin  leaf  of 
the  quartz  prolonged  beyond  the  mass  of  the  object  in  a  series  of 
irregular  minute  notches.  Further  exploration  of  the  site  contin- 
ued up  to  the  present  time,  has,  so  far  as  observed,  failed  to 
unearth  a  single  specimen  of  the  same  class  elsewhere.  Whether 
we  assume  these  small  articles  to  be  natural,  or  artificial  produc- 
tions, or  whether,  again,  we  hold  them  to  be  natural  forms  more  or 
less  modified  by  the  hand  of  man,  there  is  no  escaping  the  con- 
viction that  the  grouping  together  of  these  and  other  like  objects 
is  wholly  the  work  of  intention.  Previous  to  the  discovery  here 
narrated,  I  had  several  times  chanced  upon  bunches  of  specimens 
of  a  common  figure  lying  in  separate  groups  in  the  sand  at  the 
edge  of  the  stratum,  apparently  just  washed  out  of  it.  Similar 
assortments  of  specimens,  having  a  common  form,  have  been 
brought  to  light  in  many  portions  of  the  stratum.  Indeed, 
wherever  I  unearthed  any  individual  object  of  comparatively  large 
size,  it  was  very  often,  though  by  no  means  invariably,  found  to 
be  associated  closely  with  others  of  a  kindred  tj'pe.  I  have  ex- 
humed from  this  place  groups  of  axe-like  quartzes,  of  rasping 
stones,  of  broken  implements,  of  long  prong-shaped  objects  perhaps 
utilized  b}'  primitive  man  as  weapons,  and  of  other  rudely  fashioned 
pieces.  There  were  also  quartz-fragments  of  several  forms,  which 
were  scattered  through  the  whole  deposit,  such  as  hammer-stones 
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of  diifercnt  shapes,  sharp  pieces  adaptable  as  catting  blades,  and 
a  great  many  sharp  and  long  splinters. 

These  quartzes  iucliule  many  distinct  varieties  of  the  mineral, 
showing  marked  diflfercnces  of  opaqueness,  color,  hardness,  manner 
of  fracture  and  admixture  of  foreign  matter.  The  greater  part  of 
them  were  apparently  taken  from  the  quartz-bearing  slate  in  the 
vicinity.  The  mode  of  occurrence  of  the  more  unusual  specimens 
is  notowortliy  and  leads  to  the  inference  that  they  may  have  been 
fashioned  from  drift  bowlders,  numbers  of  them,  indeed,  having 
been  evidently  formed  of  waterworn  pebbles.  Objects  shaped  from 
some  special  variety  of  quartz  not  unfrequently  i)resent  themselves 
in  loose  groups,  varying  in  number  from  two  or  three  to  a  dozen 
pieces.  Thus  a  single  specimen  of  a  tinted,  mottled,  or  otherwise 
dislinguishnble  qualit}',  has  quite  commonly  been  found  associated 
with  a  few  others  of  the  same  kind  of  quartz.  When  one  of  these 
is  of  comparatively  large  size,  the  remaining  objects  are,  in  many 
cases,  proportionally  small ;  as  if  they  were  chips  from  the  largest. 

A  collection  of  the  quartz  objects  found  in  the  notch  at  Little 
Falls  was  exhibited  before  the  Section,  and  many  of  the  specimens 
were  considered  to  be  unquestionably  the  work  of  man.  The  col- 
lection was  afterwards  given  to  the  Peabody  Museum  of  American 
Archaeology^  and  is  referred  to  in  the  report  of  the  Curator  of  the 
Museum  for  1883. 


Abnormal  Human  Skulls  from    stone-graves  in  Tennessee. 
By  F.  W.  Putnam  of  Cambridge,  Mass. 

[ABSTRACT.] 

The  photogi'aphs  exhibited  are  views  of  a  brachycephalic^  skull, 
taken  by  me,  in  1882,  from  a  stone-grave  on  Dr.  W.  H.  Jarman's 
farm  near  Brentwood,  Tennessee.  It  is  that  of  an  adult,  probably 
a  man.  The  coronal  and  sagittal  sutures  arc  simple  and  all  the 
sutures  except  the  basilar  are  open.  The  left  parietal  is  dividetl 
into  two  quadrilateral  pieces  by  a  transverse  serrated  suture, 
crossing  the  bone  at  one-third  its  height  above  the  squamous 
suture.  The  transverse  arc  formed  by  the  divided  left  parietal 
exceeds  that  of  the  normal  right  parietal  by  one-fourth.     The 

>  Tbls  feknil  ia  No.  27-303  of  Peabody  Maseam,  and  has  a  breadth  index  of  976. 
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longitudinal  arc  of  the  left  parietal  is  also  greater  than  that  of  the 
right  parietal,  aiul  the  left  side  of  the  skull  bulges  upwards  and 
outwards.  The  abnormal  suture  encloses  a  pair  of  Wormian 
bones  (size  3  of  Broca's  scale).  They  occur  close  together  a  little 
back  of  the  ceutre. 

The  back  of  the  skull  is  much  flattened  and  the  sutures  of  this 
region  are  crowded  with  supernumerary  bones.  In  the  right  pa- 
rietal-mastoid  are  three  adjoining  Wormian  bones  of  medium  size, 
and  there  is  another  of  medium  size,  in  the  right  masto-occipital 
suture.  A  long  oval  Wormian  bone  extends  from  these  along  the 
lambdoid  suture  to  near  the  median  line,  where  it  interlocks  with 
a  very  long  Wormian  bone  which  fills  the  left  half  of  the  lambdoid 
suture  to  the  upper  posterior  angle  of  the  lower  segment  of  the 
left  parietal.  Between  this  lower  piece  of  the  left  parietal  and 
the  occipital  bone  are  three  large  and  two  medium-sized  Wormian 
bones.  A  large  Wormian  bone  lies  to  the  right  of  the  lambda 
between  the  largest  Wormian  bone  and  the  right  parietal.  This 
cranium  has  in  all  several  minute,  fourteen  medium-sized,  four 
large,  and  two  unusually  large  Wormian  bones. 

All  the  teeth  are  present,  and  normal,  except  the  two  lateral  in- 
cisors of  the  upper  jaw,  which,  apparently,  were  never  developed. 
The  gap  separating  the  central  incisors  and  canines  is  scarcely 
broader  than  that  between  the  two  central  incisors. 

Another  brachycephalic  adult  male  skull  ^  found  in  1877  in  a 
burial  mound  ^  on  Mr.  Wilkinson's  farm,  nine  miles  from  Nashville, 
has  the  abnormal  suture  dividing  the  left  parietal.  This  skull  has 
simple  sutures  which  are  open  except  near  the  pterion.  The  extra 
suture  springs  from  the  left  arm  of  the  lambdoid  suture  at  the 
junction  of  its  middle  and  lower  third,  and  passes  nearly  horizon- 
tally half-way  across  the  parietal.  It  is  then  deflected  and  runs 
towards  the  pterion.  Posteriorly  this  suture  is  finely  dentated 
but  anteriorly  it  becomes  simple  and  is  so  much  obliterated  that  it 
is  impossible  to  trace  its  entire  course.  A  large  Wormian  bone 
occurs  in  the  left  arm  of  the  lambdoid  suture  at  and  above  the 
origin  of  this  anomalous  suture. 

The  posterior  inferior  angle  of  the  right  parietal  of  this  skull  is 
also  developed  from  a  separate  centre.  It  is  united  with  the  main 
|K)rtion  of  the  bone  by  a  simple  suture  running  from  the  squamous 

*  So.  12797  Peabody  Museam.   Breadth  index,  1012. 

*  TliiB  mound  contained  a  number  of  stone-grATes  placed  in  aereral  tiers. 
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Butnre  almost  horizontally  till  it  approaches  the  lambdoid  when  it 
tarns  downward  and  enters  this  suture  at  a  point  oppobite  the 
middle  of  the  squamous  border  of  the  intercalated  bone. 

Division  of  the  parietal  is  a  rare  anomalj'.  Of  more  than  two 
thousand  skulls  which  have  passed  through  my  hands,  the  two  here 
described  are  the  only  ones  that  I  recall  as  having  this  anomaly 
of  the  parietal.  Miss  C.  A.  Studley,  an  assistant  in  the  Peabody 
Museum,  has  looked  up  the  literature  of  the  subject  for  me  and 
finds  that  Griibcr  describes  one  case  and  records  eleven  others  as 
known  up  to  1870,  and  that  in  Flower's  Osteolc^ical  Catalogue 
two  crania  are  mentioned  as  having  a  suprarsquamosal  bone. 


A  NEW  Stand  for  Skulls,  hade  by  Edward  £.  Chick,  Assistant 
IN  TUE  Feabodt  Museum  of  American  Archjeologt  and 
Ethnologt.     By  F.  W.  Putnam  of  Cambridge,  Mass. 

[ADSTSACT.] 

Various  methods  have  been  adopted  for  mounting  human  crania 
for  exhibition  in  museum  cases,  all  of  which,  so  far  as  I  have  seen, 
are  defective  in  some  one  or  more  particulars.  The  objects  to  be 
secured  are  the  proper  exhibition  of  a  skull  without  injury,  and 
mounting  it  in  a  natural  position  in  such  a  way  that  it  may  be 
placed  in  the  case  so  as  to  exhibit  it  either  from  the  fix>nt,  back  or 
side,  as  may  be  desirable  for  comparison  with  other  skulls  in  the 
case.  Further,  it  is  essential  that  it  may  be  easily  removed  for 
special  study,  and  replaced  without  much  trouble  when  done  with 
for  the  time  being.  It  is  also  of  the  greatest  importance  to  avoid 
any  pressure  on  the  margin  of  the  foranum  ms^um,  on  the 
bones  of  the  palate,  or  base  of  the  skull,  which  in  crania  of 
considerable  antiquity  are  generally  veiy  friable.  Another  essen- 
tial thing  is  to  be  able  to  suspend  the  under  jaw  in  place  without 
making  holes  for  the  passage  of  wires. 

After  man}'  trials  and  modifications,  all  these  points  have  been 
secured  by  m}'  assistant,  Mr.  Chick,  and  the  stand  now  in  use  at 
the  Peabody  Museum  consists  of  a  round  wooden  base,  in  the 
centre  of  which  is  screwed  a  brass  rod  from  three  to  four  inches 
high,  on  which  a  screw  thread  is  cut.     On  this  upright  rod  a  cir- 
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cular  brass  plate,  with  a  screw  thread,  is  placed  at  any  desired 
height.  On  opposite  sides  of  this  plate  two  brass  wires  are  screwed 
and  so  curved  as  to  support  the  occipital  portion  of  the  skull. 
These  wires  can  be  easily  bent,  and  their  curve  can  be  changed  by 
the  fingers  so  as  to  fit  any  particular  skull.  A  third  wire  is  screwed 
into  the  front  of  the  plate  and  projects  from  three  to  four  inches, 
ending  in  a  ring.  This  rod  can  be  easily  bent  so  as  to  obtain  a 
proper  bearing  for  the  rihg  on  some  firm  part  of  the  palate,  or,  if 
need  be,  when  the  palate  is  broken,  on  the  inner  margin  of  the 
teeth  or  any  other  firm  point.  The  i>l lability  of  this  rod  also 
secures  the  tilting  of  the  skull  into  a  natural  position  as  it  rests 
on  the  occipital  wires  and  is  steadied  by  the  central  rod  which 
passes  into  the  foranum  magnum.  From  the  forward  rod  hangs  a 
small  spiral  wire  holding  a  transverse  piece  of  wire  with  the  points 
turned  up  so  as  to  clasp  the  under  jaw  on  each  side,  the  strength 
of  the  spiral  spring  being  suflQcient  to  hold  the  jaw  in  its  place  and 
clear  of  the  shelf. 

On  the  stand  itself  the  label  can  be  placed  and  the  skull  thus 
mounted  can  be  turned  about  at  a  slight  touch  as  it  stands, 
swinging  free  from  the  shelf.  In  this  way  all  ordinary  observations 
can  be  made  without  running  any  risk  in  handling  the  skull. 
This  stand  may  be  adapted  also  for  mounting  fragile  and  broken 
crania  and  even  portions  of  crania  in  a  natural  position. 


The  Charnat  collection  at  Washington.    By  O.  T.  Mason  of 
Washington,  D.  C. 

[ABSTRACT.] 

The  collection  referred  to  contains  the  material  obtained  by  the 
Chamay  expedition  to  Mexico  and  Central  America.  The  ex- 
penses were  defrayed  jointly  by  Mr.  Pierre  Lorillard  and  the  French 
government.  The  success  of  the  expedition  showed  how  a  gentle- 
man of  fortune  might  render  valuable  service  to  the  cause  of  sci- 
ence, although  not  specially  conversant  with  scientific  lore. 

In  this  undertaking  the  point  was  gained  by  obtaining,  as  far  as 
possible,  casts  (in  plaster  strengthened  with  tow)  of  the  objects  of 
antiquity.     By  means  of  these  casts,  the  drawings  of  this  and 
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other  exploring  expeditions  can  be  verified  and  corrected.  Great 
success  was  attained,  as  to  casts  from  little-known  and  almost 
inaccessible  ruins  ;  and  many  new  objects  of  beauty  and  curiosity 
were  brought  to  light,  among  them  a  large  number  of  interesting 
reliefs  and  statues.  The  casts  will  be  preserved  in  the  Museum 
at  Washington,  and  in  duplicate  at  the  Trocadero  Museum  at 
Paris.  Numerous  photographs  and  drawings  were  obtained  ;  and 
measures  have  been  taken,  under  the  auspices  of  the  Smithsonian 
Institution,  to  reproduce  several  of  the  more  important  ruins  by 
correctly  arranging  the  casts  in  position  with  suitable  accessories. 
Good  success  has  already  been  attained,  both  in  making  restorations 
of  ancient  temples  and  other  ruins,  and  in  correcting  reconled 
measurements  and  drawings.  A  full  account  of  the  restorations 
will  appear  in  Professor  Baird's  annual  report  for  1883. 


Osage  Wah  Custohs.    By  J.  O.  Dorset  of  Washington,  D.  C. 

[▲BSTRACT.I] 

Bt  means  of  an  illustration  the  preparations  were  shown  which 
the  tribe  makes  for  a  war-march,  the  order  followed  being  that  of 
gentes  or  clans  in  the  tribe.  The  paper  described  the  tactics  by 
which  the  Osagcs  camp  in  a  circle,  the  war-men  on  one  side,  and 
the  non-combatants  on  the  other.  The  road  travelled  by  the  In- 
dians forms  the  line  down  through  the  centre  of  the  camp,  and  the 
division-line.  Tlie  great  war-tent  is  placed  with  the  door  to  the 
west,  the  place  of  honor  being  at  the  east.  The  author  detailed  at 
considerable  length,  with  the  aid  of  illustrations,  the  method 
of  selecting  the  forces,  and  the  ceremonials  preparatory  to  war, 
the  decoration  of  the  Cheezho  peacemaker,  the  form  of  the  dance 
around  the  village,  the  nature  of  the  bravery  dance,  and  tlie 
order  of  march  from  home  by  twos  four  abreast.  Marriage 
ceremonials  and  funeral  rites  were  also  described  and  explained 
in  detail.  The  author  accompanied  the  paper  with  drawings 
illustrating  the  grouping  of  participants  in  ceremonies. 

^This  paper  has  been  printed  in  ftUl  in  the  American  Naturalist,  for  Feb^  1884. 
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Observations  on  the  laws  and  priyi leges  of  the  Gens  in  In- 
dian Society.  By  Miss  Alice  C.  Fletcher  of  New  York, 
N.  Y. 

[ABSTRACT.] 

An  elucidation  of  tlie  customs  and  circumstances  under  wbicli 
the  gens  system  in  Indian  tribes  surpersedes  parental  ties  was 
the  chief  feature  of  this  paper.  The  author  had  an  excellent  op- 
portunity for  observations  of  this  character,  during  the  work  of 
placing  the  Omaha  tribe  of  Indians  upon  their  lands  in  severalty, 
and  while  adjusting  the  line  of  descent  and  inheritance  according 
to  our  laws. 

A  child  who  has  lost  its  father  or  mother  is  considered  an  or- 
phan. Its  particular  place  is  gone,  and  it  passes  into  the  gens. 
When  the  father  dies,  leaving  offspring,  the  mother  loses  all  ma- 
ternal rights.  Each  child,  unless  of  very  tender  age,  will  be  sep- 
arated from  the  mother,  and  will  go  into  the  family  of  some  one  of 
the  father's  relatives.  It  may  thereafter  be  claimed  as  his  own 
child  by  the  male  head  of  the  family  to  which  it  has  been  allotted. 
This  separation  of  her  children  from  a  widow  is  permanent.  She 
usually  marries  again,  and  in  that  event  is  not  burdened  with  her 
offspring  by  a  former  husband  ;  but  if  she  should  remain  unmarried, 
she  would  be  expected  to  work  for  the  family  that  has  adopted 
her  children,  rather  than  for  the  children  themselves.  If  she  dies 
when  her  children  are  young,  it  is  probable,  that,  at  maturity, 
they  will  have  forgotten  even  her  name. 

The  women  are  not  wanting  in  affection  for  the  children  of  whom 
they  are  bereft ;  but  the  separation  is  looked  upon  as  a  matter  of 
course,  none  of  the  interested  parties  regarding  it  as  a  grievance, 
or  even  a  hardship.  It  surprises.an  Indian  to  have  the  propriety 
of  this  arrangement  questioned.  No  point  of  our  law  of  inheri- 
tance is  so  difficult  for  him  to  understand  as  that  which  binds  to* 
getlicr  the  child  and  the  surviving  parent. 

Young  men  whose  mothers  are  of  the  same  gens  are  accounted 
brotliers  to  each  other,  and  the  brothers  of  the  mothers  are  uncles. 
Between  these  uncles  and  the  nephews  and  nieces  there  is  an  easy 
familiarity,  not  unlike  that  of  parents  and  children. 

The  author  has  observed  a  decided  lack  of  family  likeness  among 
Indians.    This  observation  applies,  however,  to  entire  families, 
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which  include  cousins,  aunts  and  uncles ;  a  striking  resemblance 
between  parents  and  children  being  not  unusual. 

The  Indian  may  be  "  the  stoic  of  the  woods ; "  but  he  is  neither 
averse  to  pleasantry,  nor  deficient  in  sensitiveness  of  a  certain 
kind.  lie  delights  in  chaffing  his  fellow  Indian  ;  and  dreads, 
more  than  aught  else,  being  made  a  laughing-stock. 


Sr.MB0Lic  Earth  Formations  op  the  Winnebagoes.     By  Miss 
Alice  C.  Fletcher  of  New  York,  N.  Y. 

[ABSTRACT.] 

Having  mentioned  in  previous  papers  ^  the  symbolic  earth  form- 
ations which  appear  in  every  religious  ceremony  I  have  witnessed 
among  the  Sioux,  I  will  call  attention  to  similar  structures  noticed 
among  tlie  Winnebagoes. 

This  tribe  is  admitted  to  be  one  of  the  older  branches  ot  the 
great  family  to  which  it  belongs.  Not  only  is  this  antiquity  shown 
by  the  language,  but  by  finding  many  of  the  religious  ceremonies 
of  different  tribes  referred  to  the  Winnebagoes,  and  Winnebago 
words  discovered  in  the  religious  ritual  of  other  tribes. 

The  Winnebago  tent  used  for  sacred  dances  is  long  and  narrow; 
not  more  than  twenty  feet  wide  and  varying  from  fifty  to  one 
hundred  feet  long. 

In  the  Buffalo  dance  which  is  given  four  times  in  the  month  of 
May  and  early  June,  the  dancers  are  four  men  and  a  large  nnm- 
bcr  of  women.  As  the  dancers  enter,  each  woman  brings  in  a 
handful  of  fine  earth  and  in  this  way  two  mounds  are  raised  in  the 
centre  at  the  cast,  that  is  between  the  eastern  entrance  and  the 
fire,  which  is  about  fifteen  feet  from  the  eastern  entrance.  The 
mounds  thus  formed  are  truncated  cones.  An  old  man  said  to  me 
*^  That  is  the  way  all  mounds  were  built ;  that  is  why  we  build  so 
for  the  buffalo." 

The  mounds  were  about  four  inches  high  and  not  far  from 
eighteen  inches  in  diameter.  On  the  top  of  the  two  mounds  were 
placed  the  head-gear  worn  by  the  men,  the  claws,  tails  and  other 
articles  used  by  the  four  leaders,  or  male  dancers. 

The  men  imitate  the  buffalo  in  his  wild  tramping  and  roaring, 
and  dance  with  great  vigor.     They  are  followed  by  a  long  line  of 

>  SixtecDih  ReiK>rC  of  the  Pcabodjr  MQseum  of  Arch,  and  Etim.,  Cambridge,  3la8f. 
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gayly<decked  women  in  single  file.  Each  woman  as  she  dances 
keeps  her  feet  nearly  straight  and  heels  close  together,  and  the 
bo<ly  is  propelled  forward  b}'  a  series  of  jerks  which  jars  the  whole 
frame,  but  the  general  effect  on  the  long,  closely  packed  line  is 
that  of  the  undulating  appearance  of  a  vast  herd  moving. 

The  women  dance  with  their  eyes  turned  to  the  ground,  and  with 
their  hands  hanging  closely  in  front,  palms  next  the  person. 
The  track  left  by  their  feet  is  very  pretty,  being  like  a  close-leaved 
vine.  It  is  astonishing  to  notice  how  each  woman  can  hop  into  her 
predecessor's  track.  Water  is  partaken  of  and  the  entire  dance 
is  clearly  indicative  of  the  pra^-er  for  increase  and  plent}'  of  buffalo. 

The  two  mounds  remind  one  of  larger  structures  and  suggest 
many  speculations,  particulai*ly  when  taken  in  connection  with  the 
manner  of  their  building. 

In  the  great  mystery  lodge,  whence  so  many  of  the  sacred 
societies  among  other  tribes  professedly  take  their  rise  and  inspira^ 
tion,  the  fire  is  at  the  east,  and  is  made  by  placing  four  slicks 
meeting  in  the  centre  and  the  other  ends  pointing  to  the  four  points 
of  the  compass.  Just  at  that  part  of  the  initiation  of  the  candi- 
date when  he  is  to  fall  dead  to  the  old  life,  be  covered  as  with  a 
pall,  and  then  be  raised  to  the  new  life,  the  remains  of  the  four 
fire  sticks  are  taken  away  and  the  ashes  raised  in  a  sharp  conical 
mound ;  again  suggesting  hints  of  a  peculiar  past. 

Upon  the  bluffs  of  the  Missouri,  on  a  promontory  overlooking  a 
stretch  of  landscape  thirty  miles  in  every  direction,  is  a  little  de- 
pression cut  in  the  ground,  circular  in  form,  with  an  elongated  end 
at  the  east.  The  depression  is  one  foot  in  diameter  and  about  six 
inches  deep.  Placing  my  compass  in  the  centre,  the  long  end  or 
entrance  was  found  to  be  exactly  to  the  east. 

To  the  south  of  this  sacred  spot,  for  it  is  cleared  and  cleaned 
by  secret  hands  every  3'ear,  stood  a  large  cedar  tree,  now  partly 
blown  down.  This  was  the  sacred  tree  on  which  miraculous  im- 
personation of  visions  lit;  and  here  the  spirits  tarried  as  they 
passed  from  one  resting  place  to  another  going  over  the  country. 
About  every  fifty  miles  there  is  one  of  these  strange,  supernatural 
resting  places. 

The  history  of  the  earth  symbols  is  not  yet  clearly  understood, 
and  it  is  to  be  hoped  that  students  will  carefully  observe  these 
strange  relics  of  customs  which  were  once,  perhaps,  on  a  gi-ander 
scale. 
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Life  among  the  Mohawks  in  the  Catholic  Missions  of  Quebec 
Pbovincb.  By  Mrs.  Erhinnie  A.  Smith  of  Jersey  City,  X.  J. 

[ADSTBACT.] 

The  almost  entire  isolation,  during  more  than  two  hundred  years, 
of  these  Mohawlcs  from  the  other  Iroquois  tribes,  renders  a  study 
of  their  dialect,  peculiar  customs,  remarkable  habits  of  indastry 
and  prosperity,  subjects  both  interesting  and  important.  The  old 
mission  house  and  church  at  Canghna wager  contain  the  oM 
Jesuit  library,  portraits  of  Charlevoix  and  Lafitau,  various 
presents  from  crowned  heads  in  Europe,  a  portrait  of  the  only 
aboriginal  saint,  Ta-gah-qui-ta, —  all  objects  of  great  interest. 
The  archives  of  this  old  church  and  of  the  seminary  of  the  Sulpi- 
cians  at  the  Lake  of  the  two  Mountains  are  the  repositories  of  old 
manuscript  sermons,  dictionaries,  grammars,  catechisms,  etc., 
some  dating  back  over  two  hundred  years.  The  dictionary  of  the 
Rev.  Father  Marcoux  is  one  of  the  most  valuable  and  well  pre- 
served of  those  extant  in  the  Mohawk  dialect,  not  exeepting 
Bruges,  etc.  Interesting  examples  of  its  contents  are  the  names 
of  the  months,  days  of  the  week,  etc.  The  day  is  post  when  it 
could  again  be  compiled,  as  the  industries  of  these  people  are  bring- 
ing them  into  so  close  contact  with  French  and  English  that  their 
own  language  is  rapidly  falling  into  disuse.  The  bead  work  of  the 
women  is  sold  from  Maine  to  San  Francisco.  Over  ten  thousand 
pounds  of  beads  are  kept  constantly  on  hand  in  the  wholesale  store 
of  one  of  the  chiefs  to  supply  the  never-ceasing  demand.  The  slone 
quarries  are  also  worked  by  the  chiefs,  their  owners,  and  are  a 
great  source  of  profit.  But  the  principal  occupation  of  these 
Indians  is  rafting  upon  the  St.  Lawrence.  Few  of  the  old  customs 
are  preserved,  although  still  nominally  presided  over  by  chiefs. 
The  clans  here  outnumber  the  other  branches  of  the  Mohawks  by 
four,  the  Lark,  Rock,  Calumet  and  Dove. 

The  old  wampum  belts  are  still  preserved. 

The  changes  which  a  language  can  undergo,  during  a  separation 
of  portions  of  its  people  for  only  two  centuries,  are  illustrated  by 
the  table  prepared  of  words  in  use  at  Caughnawager,  and  their 
synonymes  in  use  among  the  Mohawks  of  Upper  Canada.  This 
list  proves  conclusively  that  dialectical  differences  can  be  brought 
about  in  a  comparatively  short  space  of  time.    The  old  aborigi* 
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nal  folk-lore  stories  have  been  superseded  through  the  influence  of 
the  church  by  those  of  a  religious  character,  such  as  the  Legend 
of  the  old  Church  bell,  etc. 

The  other  mission  referred  to  was  removed  in  1717  from  Mon- 
treal to  the  Lake  of  the  two  Mountains,  where  the  Order  of  Sulpi- 
cians  have  a  grant  of  seventeen  miles  of  land  and  provide  for  the 
moral  and  religious  education  of  the  Indians  of  their  mission.  A 
convent  of  the  Congregation  de  Notre  Dame  has  charge  of  the 
school  for  Indian  girls. 

From  these  archives  a  large  number  of  titles  were  secured  for 
the  bibliographer  of  Indian  linguistics  at  Washington. 


Studies  in  the  Iroquois  concerning  the  verb  to  be  and  its  sub- 
stitutes.   By  Mrs.  Erminnie  A.  Smith  of  Jersey  City,  N.  J. 

The  general  reader  upon  the  structure  of  Indian  languages 
and  the  student  who  would  attempt  their  investigation  are  sure  to 
encounter  as  a  conceded  fact,  established  by  the  pioneers  in  Indi- 
anology  that  "the  verb  'to  be'  does  not  exist  in  these  languages." 

And  when  we  remember  that  it  is  in  all  languages  made  up  of 
several  radically  dififering  roots  the  above  admission  would  seem 
correct. 

Notwithstanding  this,  the  conscientious  student  is  staggered  at 
encountering  first  in  adjectives,  and  later  in  man}'  verbs  and  in 
the  dissection  of  nearly  all  nouns,  the  fact  that  in  their  translation 
into  English  the  use  of  the  verb  '*  to  be  "  is  imperative. 

Among  the  distinguished  philologists  who  have  expressed  them- 
selves upon  this  subject  we  mention  Major  Powell  who  in  his  "In- 
troduction to  the  study  of  Indian  languages"  says  "In  most 
Indian  languages  there  is  no  verb  "to  be"  used  as  predicant  or 
copula."  Dr.  Riggs  in  reference  to  Dakota  verbs  also  remarks 
"  We  cannot  now  say  more  concerning  verbs  unless  we  add  this 
interesting  fact  that  as  is  the  case  in  other  American  languages 
there  is  no  pure  substantive  verb  in  Dakota. 

We  can  express  the  idea  of  existence  in  connection  with  ideas  of 
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place  or  condition,  bat  not  alone.  Rev.  Father  Cuoq  In  his  '*Lex- 
ique  de  la  langue  Iroquoise  "  gives  as  the  translation  of  the  verb 
"  etre,  to  be,"  the  Mohawk  verb  ke-na'-ke-re  which  means  literally 
/  inhabit  and  is  generally  applied  to  animals. 

The  unknown  author  of  the  old  Onondaga  Dictionary  translates 
it  as  Ei'-te-ron  which  literally  translated  is,  lam  seated^  lamplaced^ 
etc. 

Father  Marcoux,  who  is  undoubtedly  the  best  authority  upon  any 
of  the  dialects  of  the  Iroquois  says,  "The  verb  to  6e,  which  accord- 
ing to  Levizaz  is  the  only  true  verb,  does  not  exist  isolated  in  this 
language,  but  is  found  contained  in  nouns,  pronouns,  and  adjec- 
tives. It  is  expressed  in  different  manners  when  it  signifies  the 
essentiam  simpliem  in  loco.** 

It  is  rendered  thus : — 

1.  Ee-n&'-ke-re, /inAa^e^;  applied  to  animals,  fish,  birds,  and 
snakes  it  is  translated  by  "  to  swarm,"  "  to  be  plentiful,*'  as  ou 
Ok'-si  hft-n&'-ke-re  ne'  R&-wen-ni'-3'0 ;  literally,  always  lie  inhabits 
the  God  free.  "From  the  beginning  God  is."  6.  Ken-tc&-n&'-ke-re, 
fish  swai^m^  are  plentiful. 

2.  Kon'-he®,  7  ?ive,  I  survive. 

3.  Ki'>te-ron,  I  abide^  dwell,  am  seated,  am  placed ;  -ta-kon  a 
suffix  and  shows  the  cause  of,  means  of,  "  dwelling,  etc." 

4.  K&'-yen,  it  lies^  as  k&-ni  k&-n&-t&-yen,  wJiere  it-lies^he'^ntyf 

5.  I-ka'-le,  it  is  present. 

6.  Y&-on-te,  it  has;  said  of  conditions  arising  from  original  de- 
sign or  purpose  as  K8,-na'-ton-te,  it  lias  a  room  (affixed  to  it)  ;  r&- 
y&'-ton-te,  he  lias  a  body. 

7.  K&'-te,  it  projects^  is  arrayed ;  as  Ka-ron'-hya-te,  a  doud  pro- 
jects^ is  visible ;  in  this  it  literally  represents  ex-ist. 

8.  Kft-hnyo'-te  (a  compound  word,  from  "7th"  and  o-hnyo,  a 
bow),  literally  a  bow  is  present^  i.  «.,  the  rainbow. 

9.  A-kon'-ha,  /,  alone. 

10.  Te-ky&'-se,  lam  dou&Zed,  twice  myself. 

11.  Ken,  or  ne'-ken,  that^  or  that  which. 

12.  I-w&t,  it  is  in,  it  lies  in ;  san-ni-w&t,  how  much  isint 

13.  W&'-tons,  it  becomes,  turns  into—? 

14.  A-kw&'-wen,  ours. 

are  ) 

15.  Yo-wenh'-te,  it  is  Joined,  is  joined  with  .      >  many. 
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16.  Y&'-oh  it,  is  in  solution,  is  in ;  as,  E&-hne'-ko*',  water  is  in, 
i,  e.,  there  are  springs ;  Ki-ris'-to*,  iron  is  in,  iron-mine  ;  Yo-hwis'- 
to',  a  silver,  money-mine. 

The  Rev.  Father  LaCombe  in  his  "  Dictionnaire  de  la  langue 
Crise,"  remarks  in  his  introduction,  ^^  There  are  no  auxiliaries  to  be 
and  to  have  as  in  French,  but  they  are  replaced  by  post-fixes,  which 
have  the  same  value  in  making  the  verb." 

As  an  interesting  study,  however,  the  following  table  was  pre- 
pared containing  mainly  adjectives  which  in  their  conjugations  are 
said  to  include  the  verb  to  be,  and  which  are  untranslatable  into 
English  without  its  use.  This  was  for  the  purpose  of  separating 
from  the  conjugated  adjective  any  particle  representing  the  verb  to 
he. 

Hon'-tci,  black. 

K-hon'-tci,  I  am  black. 

3-hon'-tci,  thou  art  black. 

R&-hon'-tci,  he  is  black. 

Ya-hon-tci,  she  is  black. 

K&-hon'-tci,  it  is  black. 

In  this  conjugation,  if  a  separable  verb  to  be  exists,  it  must  be 
sought  for  in  the  pronouns  often  represented  by  a  single  letter. 

The  first  person,  present  tense,  of  another  conjugation,  is  as 
follows : 

Wft-e'-tsft-nit,  courageous.  \ 

W&-a-te-wek,  affable.  >  adjectives  pure. 

Wft-i-tent,       poor.  ^ 

Conjugated. 

WX-ke'-tsa^'-nit,  I  am  courageous. 
W&-k&'-te-wek,  I  am  affable. 
W&-ki'-tent,  I  am  poor. 
"K"  in  this  representing  "I  am/* 

If  these  languages  were  as  well  understood  as  the  Latin,  might 
they  not  possibly  be  found  to  contain  a  letter  representing  both 
verb  and  pronoun,  as  in  the  imperative  of  the  verb  io,  I  go  (Latin) 
where  " i"  represents  go  thou  ? 

The  above  examples  are  given  to  show  that  the  present  tense  of 
the  verb  to  be,  if  such  exists,,  must  be  contained  with  the  pronoun 
in  the  letter  "K." 

A.  jk.  A.  s.,  VOL.  xxzn.  26 
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Fashing  these  studies  farther,  if  one  would  wish  to  fill  out  the 
other  tenses  the  tense  endings  must  be  suffixed.  Taking  ^^h&k" 
(the  sign  of  past  time)  and  suffixing  it  to  ^^  K"  we  have  K-h&k',  / 
teas. 

But  one  encounters  forms  which  must  be  considered  irregtilar  as 
in  Kun-kwa"-st&-kw&s-nu'-ha*'.  I-was^-^ood-person,  In  this  ex- 
ample, K-nu*-ha^  would  represent  /  loas^  and  so  on  through  other 
tenses  which  forms  however,  standing  thus  connected,  would  be 
quite  meaningless. 

A  study  of  these  tense  endings  is  at  least  not  useless  for  they 
teach  most  conclusively  that  these  languages  are  very  old,  and 
show  that  their  verbs  have  incorporated  as  tense  signs  highly  ab- 
breviated words  whose  root  significations  have  evidently  been  long 
lost.  Such  for  example  is  ha^  as : — w&-kit-us,  I  am  asleep^  wi-kit- 
u-hi',  lam  about  to  sleep;  "ha''"  here  converts  it  into  future  time. 

Again:  w&-k&-rha-rhu,  I  am  running;  wi-k&-rha-rhu-ha%  Iwu 
running y  ran ;  "ha*"  here  converts  it  into  past  time. 

These  two  tense  signs  "ha^"  are  probably  from  different  roots, 
one  of  which  meant  will  and  the  other  did  or  ukm. 

In  this  search  we  have  found  possible  roots  with  which  to  build 
up  the  neuter  verb  "be,"  even  four  not  more  radically  different  than 
be,  am,  is,  ukis,  of  the  English. 

We  believe  that  this  is,  if  any,  the  only  direction  in  which  to 
seek  out  this  hidden  verb  to  be,  and  that  if  it  exists,  it  is  concealed 
in  the  obsolete  verbal  forms  containing  the  root  significations  of 
said  tense  signs. 

These  forms  might  even  in  themselves  prove  to  be  the  missing 
neuter  verb. 

But  more  profitable  fields  of  inquiry,  yielding  more  direct  results, 
are  awaiting  the  harvester  and  to  be  or  note  be  must  still  continue 
a  question. 


ACCIDBNTS  OR  MODB  SiGMS  OF  VeRBS   IN  THE  IrOQUOIS  DiALECTS. 

By  Mrs.  £rminnie  A.  Smith  of  Jersey  City,  N.  J. 

[ABSTRACT.] 

1.  Movement  in  these  dialects  which  in  French  is  expressed  bj 
the  auxiliary  verbs  aller  and  venir,  and  corresponds  to  the  English 
participle  in  ing  and  the  adverbs  touxxrd  and  abouty  is  represented  in 
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Iroquois  by  final  pai'ticles  incorporated  in  the  verbs  making  them 
verbs  of  movement.  These  might  be  termed  mode  and  tense  signs 
as  the  particles  take  the  final  infiections  proper  to  the  different 
time,  as  follows  —  Kninons,  to  buy;  Eni-nonres,  I  am  about  to 
buy,  etc. 

2.  Reduplication  is  the  act  of  the  verb  repeated  as  repay,  recon- 
sider, etc.  Tlie  mark  of  reduplication  in  several  of  the  dialects  is 
/S,  but  in  theTuscaroraQ ;  as  Kirh-hft,  I  drink:  9  Kirh-hft,  I  drink 
again.  After  the  same  manner  can  be  explained  affirmation,  local- 
ity, causality,  composition,  frequentation,  final  relation,  transition, 
habitude,  resolution  into  contraries,  partial  reflexion,  their  change 
into  substantives,  etc.,  which  furnish  the  material  for  the  exces- 
sively long  words  to  be  found  in  all  Indian  dialects. 


The  Great  Mounds  of  Cahokia.      By  William  McAdams  of 

Alton,  III. 

[ABSTRACT.] 

The  mounds  referred  to  are  in  the  locality  known  as  the  ^^  Amer- 
ican Bottom."  The  region  so  called  is  a  strip  of  alluvial  land  in 
the  state  of  Illinois,  lying  between  the  bluff  and  the  Mississippi 
river,  and  extending  from  the  city  of  Alton  to  a  point  below  the 
city  of  £ast  St.  Louis.  A  map  of  the  locality,  showing  the  places 
and  dimensions  of  the  mounds,  was  exhibited  before  the  section. 
The  mounds  are  over  two  hundred  in  number,  and  embrace  some 
of  the  largest  in  the  United  States.  A  group  of  seventy-two  mounds 
on  the  Cahokia  creek  was  specially  considered.  The  central  mound 
of  the  group  is  the  largest :  it  is  about  a  hundi*ed  feet  high,  and 
covers  over  twelve  acres  of  ground.  It  is  a  truncated  pjuamid 
with  teiTaces :  its  flat  top  has  an  area  of  one  and  a  halt  acres. 
The  surrounding  mounds  are  thirty  to  forty  feet  high  and  most  of 
them  are  square,  in  this  respect  differing  from  the  conical  mounds 
of  Ohio.  The  mounds  on  the  bluff  seem  to  be  of  a  different  order, 
being  only  four  or  five  feet  high,  and  round  or  oval.  Unquestion- 
ably the  mounds  of  the  Cahokia  valley  are  artificial,  being  made  of 
black  alluvial  earth,  entirely  different  from  the  ground  on  which 
they  rest. 
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The  author  accounted  for  the  fact  that  there  were  few  mounds 
on  the  banks  of  the  Mississippi  river,  by  supposing  that  the  mound- 
builders  were  afraid  of  their  enemies  beyond  the  stream. 

Numbers  of  relics  have  been  found  in  the  Cahokia  moands,  mostly 
of  flint,  some  of  them  eighteen  inches  long.  The  finest  is  a  white 
flint  axe,  which  is  of  a  smoothness  and  polish  like  ivor3\  In  reply 
to  an  inquiry,  the  author  stated  that  there  had  been  considerable 
alluvial  deposit  formed  since  the  mounds  were  built.  The  subsoil 
is  a  yellow  clay  loam :  under  the  mounds  is  a  floor  of  white  sand. 


Altars  akd  High  Places  ^  among  the  Emblematic  Mounds.    By 
S.  D.  Peet  of  Clinton,  Wis. 

[AB8TBACT.] 

The  significance  of  the  term  "  High  Places"  will  become  ap- 
parent when  it  is  once  considered  that  the  custom  referred  to  in  the 
Scriptures,  was  peculiar  to  those  tribes  in  the  east  which  were  in  a 
primitive  condition,  and  whose  religious  cultus  was  at  a  low 
stage.  The}'  were  either  the  worshippers  of  tlie  sun  and  moon 
and  heavenly  bodies,  or  in  the  still  lower  condition  of  animal  wor- 
ship, and  their  customs  may  have  been  quite  similar  to  those  which 
are  found  to  have  prevailed  among  the  so-called  anima]  tribes  of 
America.  The  term  ^^  animal  tribes"  expresses  much,  especially 
when  we  consider  that  tribes  bearing  animal  names,  and  having 
their  religion  closel}''  associated  with  animal  totems,  were  common 
at  the  East  in  Syria  and  Arabia,  as  well  as  in  Wisconsin  and  other 
parts  of  this  continent.  The  religious  customs  of  these  tribes 
have  not  been  so  well  known  as  of  those  which  were  more  advanced ; 
animal  worship  having  preceded  sun  worship  and  being  peculiar 
to  prehistoric  times.  Whether  the  custom  of  erecting  altars  on 
'^  high  places"  can  in  the  East  be  traced  back  from  sun  worship 

>  The  title  of  this  paper  originally  had  no  reference  to  the  "  High  Places"  whkb  are 
described  in  the  sacred  Scriptures.  The  term  was  used  to  designate  a  certain  class  of 
mounds  which  liad  come  under  the  observation  of  the  writer.  The  use  of  it,  howeTer, 
seemed  to  give  rise,  at  the  time  of  the  reading  of  the  paper,  to  the  idea  that  the  Seriptore 
custom  was  held  in  mind  whUe  the  descriptions  were  given.  Tliia  criticism  is  acoeptedt 
but  the  snggestiveness  of  the  title  is  made  the  more  apparent  firom  it. 
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to  a  more  primitive  cultus  is  a  question.  Here,  however,  thej^ 
may  be,  and  the  subject  becomes  the  more  important  from  this 
fact. 

There  is  one  other  point  to  which  we  call  attention  in  connection 
with  this  hint  at  oriental  customs.  Human  sacrifices  were  common 
in  tlie  East,  and  it  has  been  found  that  these  were  also  common 
among  the  primitive  tribes  of  tliis  country.  It  is  an  inquiry  which 
we  would  make  at  the  outset  whether  the  altars  and  high  places, 
of  which  we  are  to  speak  in  this  paper,  were  not  places  for  crema- 
tion. Human  sacrifices  were  common  among  the  primitive  races. 
Victims  were  seized  upon  and  offered  to  cruel  divinities.  Such  a 
custom  was  common  among  the  tribes  of  Central  America.  There 
arc  cases  where  human  bones  liave  been  found  associated  with  altars 
ill  mounds.  Yet  we  maintain  that  these  altars  and  high  places  were 
used  for  the  rites  of  cremation  rather  tiian  of  hnmau  sacrifice.  There 
may  be  a  danger  of  confounding  human  sacrifice  with  cremation, 
but,  if  we  should  Gnd  that  ordinary  burial  mounds  aud  the  altars 
and  Iiigii  places  were  only  designed  for  tlie  different  modes  of 
disposing  of  the  dead,  we  sliould  consider  that  a  satisfactory  ex- 
planation of  these  altars  had  been  reached.  We  bring  out  the 
facts  contained  in  this  paper  with  this  distinction  in  mind  desiring 
that  our  readers  should  consider  that  the  sacrifices  which  were 
offered  on  the  altars  and  high  places  were  not  true  sacrifices,  but 
cremations. 

The  custom  of  burying  on  high  places  was  common  with  the 
native  tribes  in  America  as  well  as  with  the  primitive  races 
throughout  the  northern  portion  of  Europe,  in  Great  Britain, 
France,  Germany  and  elsewhere.  Nearly  all  tlie  burial  mounds 
throughout  the  Mississippi  valley  are  in  prominent  localities  on 
the  summits  of  bluffs  overlooking  valleys,  and  in  just  such  positions 
as  arc  described  as  common  for  the  cists  and  cairns  of  England 
and  Europe.  The  explorations  of  certain  gentlemen  at  Muscatine, 
Iowa,  illustrate  this  point.* 

Here,  burial  mounds  are  seen  located  on  the  bluffs  on  either  side 
of  the  Mississippi  river  and  extending  for  miles  along  the  bluffs. 
The  locality  was  fiivorable  for  residence,  as  the  bluffs  surround  the 
limits  of  an  ancient  lake  where  there  would  be  an  abundance  ot 
game  and  where  the  rich  bottomlands  furnished  soil  favorable  for 
the  cultivation  of  maize,  aud  for  a  variety  of  products.      This 

*  Seo  American  Aotlqaarlan,  Vol.  HI* 
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custom  of  erecting  burial  places  on  bluffs  and  high  places  has 
given  rise  to  the  idea  that  there  may  have  been  a  connection  be- 
tween the  residences  and  the  burial  places.  The  Aryan  custom 
was  to  have  the  family  hearth  and  the  burial  place  in  close  prox- 
imity, the  Lares  and  the  Penates  being  affiliated  and  their  tokens 
associated.  With  these  races  also  it  was  common  to  connect  the 
sacrifice  and  worship  offered  to  their  divinities  with  their  hearths ; 
their  tombs,  temples  and  houses  being  closely  associated.  Wc 
throw  out  the  suggestion  whether  some  such  custom  did  not  exist 
also  among  the  so-called  Turanian  races.  Isaac  Taylor  maintains 
that  these  races  were  distinguislicd  for  their  burial  customs,  though 
he  docs  not  define  and  describe,  except  in  a  ver}-  general  way, 
what  these  customs  were. 

A  few  words  on  the  connection  between  the  altars  in  high  places 
and  ordinary  tumuli  may  next  be  in  place.  There  seems  to  liarc 
been  a  custom  among  the  primitive  races,  of  erecting  tumuli  or 
burial  mounds  on  the  hill  tops,  and  the  only  difference  between 
these  burial  places  and  the  so-called  altar  mounds  is  in  the  fact, 
that,  in  the  former,  bodies  were  buried  without  the  use  of  altars, 
while  in  the  latter  altars  have  been  found,  and  witli  them  various 
tokens  of  cremation.  At  times  burial  mounds  contain  tokens  of 
burial  at  their  base,  and  then  at  their  summit  other  tokens  which 
show  that  they  were  used  for  beacons  or  signal  stations.  This 
double  use  of  the  tumuli  is  ver}'  common.  The  writer  has  had  bis 
attention  called  to  it  in  several  places  in  Wisconsin.  The  custom 
oftener  was  associated  with  conical  mounds,  and  3'et  eSigy  mounds 
have  been  discovered  with  evidence  that  burials  were  practised  in 
connection  with  beacons  and  outlooks.  The  location  of  tumuli  on 
high  places  probably  led  to  the  double  use,  as  it  would  be  convenient 
to  light  beacons  on  a  mound  already  in  existence.  The  same 
double  use  has  also  been  noticed  in  connection  with  the  altar 
mounds  and  their  erection  on  high  places  may  have  been  for  the 
same  ^iwrpose. 

The  custom  of  thus  erecting  the  burial  mound  was  common 
with  the  emblematic  mound  builders.  There  are  many  localities 
where  burial  mounds  are  so  placed  that  extensive  views  are  gained 
from  them.  Sometimes  these  views  extend  for  many  miles.  There 
are  mounds  on  Lapham's  Peak,  a  prominent  point  in  Washington 
count}',  from  which  a  view  can  be  had  for  twenty  miles  distant. 
The  same  is  true  of  a  line  of  mounds  near  Muscoda  on  the  Wis- 
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oonsin  river.  Burials  on  high  places  seem  to  have  been  common 
among  the  emblematic  mounds.  In  reference  to  the  sacrificial 
mounds  this  peculiarity  of  being  erected  on  high  places  forms  a 
point  of  resemblance  to  burial  mounds,  and  so  we  might  be  led  to 
consider  the  altars  as  designed  for  cremation  rather  than  for  sacri- 
fice. 

That  cremation  or  sacrifice  was  practised  mainly  on  high  places 
I  think  may  be  shown.  If  there  is  need  of  proof  of  this  point 
we  might  refer  to  the  many  sacrificial  altars  which  have  been  ex- 
humed in  various  parts  of  the  country.  Any  one  who  will  read 
the  volume  by  Squier  and  Davis  in  the  Smithsonian  contributions  3 
will  be  convinced  that  such  High  Places  were  common.  The  altars 
described  by  these  authors  seem  mainly  to  have  been  associated 
with  burial  places,  as  many  of  the  mounds  which  contain  the  altars 
contain  also  heaps,  where  evidently  the  ashes  and  remains  of 
cremated  bodies  were  deposited. 

We  will  not  say  that  sacrificing  on  high  places  was  universal, 
for  there  are  exceptions  to  it.  Prof.  F.  W.  Putnam  has  called  the 
attention  of  the  author  to  several  cases  which  have  come  under  his 
notice  in  Ohio,  where  altar-mounds  were  discovered  on  compara- 
tively low  ground.  Yet  we  maintain  that  as  a  rule  both  burial- 
mounds  and  altar-mounds  were  placed  on  high  ground. 

They  are  generally  placed  on  high  bluffs  or  points  of  land,  and 
are  also  frequently  associated  with  village  enclosures  and  with 
watercourses.  The  sacrificial  altar  at  Paint  creek,  near  Ilopeton, 
had  this  peculiarity,  that  it  was  on  the  opposite  side  of  the  river 
from  the  village  enclosure,  giving  rise  to  the  thought  that  possibly 
there  was  the  same  custom  of  crossing  the  water  to  reach  the  places 
of  cremation  as  existed  among  various  races  in  the  East. 

Mounds  have  also  been  found  by  the  writer  in  Wisconsin,  which 
were  evidently  placed  on  bluffs  overlooking  village  sites,  which 
Lave  proved  to  be  altar-mounds,  and  it  is  a  remarkable  fact  that 
nearly  all  of  these  have  been  on  the  opposite  side  of  a  river  or 
lake  from  the  village  sites.  This  may  have  been  a  mere  coinci- 
dence, but  it  has  been  found  to  be  so  frequently  true,  that  it  has 
given  rise  to  the  conclusion. 

We  arc,  however,  to  consider  the  distinction  between  altars  and 
ordinary  tumuli  or  burial-mounds. 

Altars  or  sacrificial  places  were  generally  surrounded  byenclos- 

>  Smithsoniaa  Contribution,  Vol.  I,  p.  51,  plate  XIX. 
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ures.  These  enclosures  were  not  always  circumvallations,  yet 
nevertbeless  served  the  purpose ;  but  burial  mounds  were  rarely 
surrounded  by  enclosures.  The  cases  referred  to  above  at  Hope- 
ton,  Mound  City,  Paint  Creek  and  elsewhere  were  marked  by  this 
peculiarity.  Here,  at  Mound  City,  were  a  large  number  of  mounds, 
twenty-four  in  number,  surrounded  by  an  enclosure.  The  authors 
Squier  and  Davis,  in  describing  these,  state  that  the  open  tem- 
ples of  the  ancient  Britons  were  embraced  within  parapets  of 
earth,  and  that  the  sacred  places  of  the  Pacific  Islands  are  sur- 
rounded, if  not  by  earthen,  by  stone  walls,  or  palisades.  All 
the  mounds  in  the  enclosures  were  excavated  by  Squier  and  Da^is 
and  proved  to  contain  altars.  Another  enclosure  is  described 
where  a  single  mound  was  found,  and  this  contained  within  itself 
an  altar  or  place  of  sacrifice.  Still  another  enclosure,  with  altar 
mounds,  was  visited  by  these  authors  at  a  place  called  Clark's 
Works,  and  contained  seven  mounds  of  great  size,  thirCy  feet 
high,  one  hundred  and  eighty  broad  at  the  base,  and  together 
forming  a  line  five  hundred  feet  long.  A  description  of  the  altars 
is  given  in  a  separate  chapter  and  is  worthy  of  study.'* 

Among  tlic  emblematic  mounds  there  arc  sacrificial  altars 
which  were  erected  within  enclosures.  These  enclosures,  like  all 
others  in  this  region,  are  formed  by  the  efl3gies  ])eing  grouped 
around  an  open  space.  The  effigies  do  not  form  a  connected  wall, 
and  3'et  they  make  an  enclosure  which  is  sufficiently  guarded  to 
give  rise  to  the  idea  of  the  sacredness  of  the  spot. 

The  enclosures  containing  altar-mounds  are  generally  smaller  in 
their  area  than  village  onclosui^es,  and  the  altars  are  generally 
placed  in  the  centre  of  the  open  space,  making  the  distinction  be- 
tween the  two  classes  of  works  manifest.  Several  such  enclosures 
have  been  described  by  Dr.  I.  A.  Lapham,^  though  their  purpose 
was  not  apprehended  by  him. 

A  similar  enclosure  was  also  described  by  Squier  and  Davis, 
This  was  discovered  by  Mr.  S.  Taylor,  and  is  called  by  him  ''The 
Citadel."  "The  figures  comprising  these  are  so  arranged  as  to 
constitute  a  sort  of  enclosure  of  about  half  an  acre  area.®  The 
ground  is  here  prominent.  From  the  top  of  the  principal  mound 
occupying  the  central  group  may  be  seen  at  least  a  hundred  ele- 

«  Sec  Smithsonian  Contribations,  Vol.  I.  p.  143. 

A  Sec  Laphnm's  Antiquities,  plate  40,  plate  11,  plate  lOt. 

*See  Smithsonian  Contribatious,  Vol.  1. 
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vations  forming  the  boundaries  of  the  Citadel."    We  give  an  il- 
lustration of  this  group  {fig.  1). 

FIG.  1. 


I 


100  Ft.toan'  inch 


Sacrificial  place  at  Muscoda.    S.  Taylor. 


Another  group  of  raounds,  which  was  designed  probably  for  a 
sacrificial  place,  has  been  observed  by  tlie  writer  near  Lake  Kosh- 
konong,  and  a  figure  of  this  is  also  given  (fig.  2).  This  group, 
like  the  others  referred  to  above,  is  composed  of  a  series  of  efiSgies 
surrounding  a  central  space  within  wliich  are  two  mounds,  one  a 
beacon-mound,  No.  4,  and  the  otlier  an  altar-mound.  No.  3. 
These  effigies  surround  the  altar  forming  a  sort  of  guard  to  it. 
These  efiSgies  have  the  shape  of  familiar  animals ;  a  turtle,  No.  1. 
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tail  reftching  to  the  very  foot  of  the  hill,  its  huge  body  lifted  high 
up  on  the  summit  on  the  ridge,  and  its  head  situated  at  but  a 
short  distance  from  the  altar.  The  long,  tapering  mound  follows 
the  outline  of  the  ridge  in  another  direction,  the  three  effigies 
forming  a  sort  of  guard  or  enclosure  for  the  central  group.  The 
relative  position  of  the  mounds  indicates  that  there  was  a  design 
in  the  mind  of  the  builders  to  make  them  serve  three  uses,  namely : 
to  guard  the  altar,  to  show  the  shap6  of  the  ground,  and  to  give 
the  shape  of  the  totem  effigies. 

In  the  centre  of  the  group  is  a  signal-mound  or  beacon. 
This  is  situated  on  the  highest  point  of  land  and  commands  a 
view  of  three  of  the  beautiful  lakes  which  surround  the  locality : 
Lake  Monona  to  the  east,  Lake  Wingra  to  the  west,  and  Lake 
Mendota  to  the  north.  Another  lake  is  situated  but  a  mile  or  two 
to  the  south,  but  cannot  be  seen  as  high  land  intervenes.  The 
point,  however,  is  central,  and  is  surrounded  by  an  amphitheatre 
of  hills  and  seems  to  have  been  the  centre  of  a  large  number  of 
earthworks  and  effigy  mounds.  There  are  emblematic  mounds 
on  all  the  surrounding  hills.  The  Capitol  occupies  the  site  of 
mounds  formerly  existing  on  that  hill.  The  University  is  sur- 
rounded by  effigies  which  were  formerly  more  distinct  on  that  hill. 
The  Asylum,  across  Lake  Mendota,  four  miles  distant,  is  now  sur- 
rounded by  a  large  number  of  striking  effigies.  The  stone  quarry 
between  this  ridge  and  the  university  is  surrounded  b}'  a  large 
number  of  effigies.  Greenbush,  within  gunshot,  has  another 
group  of  effigy  mounds.  The  Home  of  the  Sisters  of  Charit}-, 
across  Lake  Wingra  to  the  west,  has  another  series  of  effigies. 
The  dairy  farm  and  fair  grounds,  between  the  Charity  Asylum 
and  the  University,  have  another  group.  Back  of  these,  on  the 
summit  of  the  high  bluffs  to  the  west,  is  the  cemetery,  where  there 
is  another  group.  To  the  east,  there  are  effigies  on  the  hills  be- 
tween this  ridge  and  the  assembly  grounds  at  Lakeside.  On  the 
opposite  bank  of  Lake  Monona,  three  or  four  miles  distant,  is  the 
shooting  park ;  here  is  another  group.  Still  farther  east  in  Mill's 
Woods  are  many  other  striking  effigies.  At  the  extreme  east  end 
of  Lake  Monona  is  a  series  of  gravel  knolls,  on  which  there  are 
also  effigy  mounds,  and  in  the  cornfields  back  of  these,  many 
burial  mounds.  The  ridge  which  bounds  the  horizon  to  the  east 
has  another  series  of  mounds.  To  the  southeast  of  these,  near  the 
outlet  of  Lake  Monona,  is  a  very  interesting  group  of  effigy  mounds 
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and  earthworks ;  and  to  the  northeast,  near  the  inlet  of  Lake  Mo- 
nona, is  still  another. 

The  locality  seems  to  have  been  well  chosen,  as  its  central  posi- 
tion makes  it  conspicuous,  and  its  isolation  and  the  peculiar  shape 
of  the  ridge  would  make  it  a  prominent  object  in  the  landscape. 
The  sheets  of  water  come  so  near  to  the  foot  of  the  ridge  as  to 
give  an  unimpaired  view,  and  the  height  and  shape  of  the  knolls 
make  it  even  now  an  impressive  spot,  just  such  a  spot  .as  would 
be  regarded  with  peculiar  awe  by  a  superstitious  pnmitive 
people.  It  needed  only  the  kindling  of  fires  on  the  summit  to 
throw  a  glare  of  light  across  the  water  and  to  fill  the  whole  land- 
scape with  shadows.  We  can  imagine  that  it  would  be  a  very 
weird  and  wild  place  for  the  erection  of  a  burial  mound ;  a  re- 
markably favorable  place  for  the  lighting  of  beacon  fires  and 
especially  favorable  for  the  practice  of  sacrificial  rites.  Of  the 
gi-oup  itself  we  do  not  need  to  give  a  very  extended  description  ; 
figure  3  will  illustrate  this.  The  beacon  mound  is  the  central  ob- 
ject. Near  this  is  what  we  call  the  altar ;  it  has  a  peculiar  form 
resembling  that  of  a  tortoise  shell,  but  without  any  of  the  protu- 
berances which  would  represent  the  limbs  and  other  members  of 
the  tortoise.  This  so-called  altar  has  been  exhumed  and  remains 
taken  from  it.  Certain  members  of  the  Wisconsin  Academy  of 
Sciences  have  explored  this  mound,  and  we  quote  from  their  re- 
portJ 

^^  Monnd  No.  1  is  pear-shaped,  being  78  feet  long  and  55  feet 
wide.  It  was  composed  of  alternate  layers  of  mold  and  clay  to 
the  depth  of  6  feet,  then  a  layer  1  foot  thick,  succeeded  by  alter- 
nate layers  of  clay  and  mold  to  a  depth  of  0^  feet  where  the  nat- 
ural surface  is  reached." 

'^The  penetration  was  carried  three  feet  below  the  natural  sur- 
face through  layers  of  bowlders  and  coarse  gravel.  A  fire  place 
two  by  tioo  and  one-JicUf  feeiy  with  a  layer  of  charcoal  and  ashes  4 
inches  in  thickness,  was  found  at  a  depth  of  5  feet.  In  this  was  a 
piece  of  cloth  partially  burnt  which  for  the  most  part  crumbled  to 
powder  on  exposure  to  the  air.  Both  on  the  north  and  south 
sides  fragments  of  bones  occurred  of  from  3  to  5  feet  from  surface 
in  an  advanced  state  of  decomposition.  In  the  centre  at  2  feet 
above  natural  surface  were  obtained,  nearly  broken  down  by  de- 

▼  See  Transactions  of  Wis.  Academy  of  Sciences,  YoL  III,  p.  10^  for  ISTI^TS. 
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composition,  the  femurs,  tibise  and  fibulee  of  a  single  skeletouy 
corresponding  to  6 J  feet  in  the  height  in  the  living  subject." 

"Mound  No.  2  (the  beacon  mr>und)  is  a  round  mound  40  feet 
in  diameter  and  sloping  to  the  base  of  No.  1.  The  line  joining 
the  centres  is  64  feet  Ions.  Two  fii-e-places  were  found :  one  at  8 
feet  and  the  other  at  5  feet  below  the  surface.  Dimensions  the 
same  in  each,  3X6.  In  tlie  lower  one  were  partially  burnt  bones 
and  the  ashes.  At  6  feet  were  found  some  pieces  of  pottery  and 
a  mass  of  bones  consisting  of  fragments  of  four  or  more  skele- 
tons in  a  tolerably  good  state  of  preservation,  corresponding  in 
lieight  to  5  feet  8  inches  to  6  feet  6  inches  in  the  living  subject. 
Photographs  of  the  two  crania  were  secured  and  figures  of  these 
are  given  with  the  report." 

This  is  the  description  on  which  we  base  in  part  our  supposition 
that  th3  locality  was  a  sacriQcial  place.  The  figures  illustrating 
these  objects  may  be  seen  in  the  report,  and  so  we  omit  them  here. 

One  other  locality  where  altar-mounds  have  been  discovered 
may  be  worthy  of  mention  here.  It  is  a  mound  situated  on  the 
north  side  of  Lake  Mendota.  This  is  also  one  of  a  group  which 
was  located  on  high  ground  and  attended  with  a  lookout  mound. 
The  first  description  of  it  was  given  by  Dr.  J.  N.  De  Hart.® 

The  largest  pyramidal  tumulus  of  this  group  (fig.  4)  measures 
one  hundred  and  eighty-eight  feet  in  circumference,  and  thirty-five 
feet  from  the  base  to  its  summit.  From  its  summit  we  have  an 
extended  view  of  the  surrounding  country  several  miles  in  every 
direction.  The  altar-mound,  to  which  we  refer,  is  located  a  few 
j-ards  from  this  beacon  mound.  This  mound  is  about  five  feet  in 
height  and  one  hundred  and  twenty-five  feet  in  circumference. 
We  give  a  representation  of  this  mound  and  quote  from  Dr.  De 
Hart's  report.  "  After  removing  the  surface  a  layer  of  gravel 
was  found  one  foot  in  depth,  and  on  the  summit  a  layer  of  sand 
dipping  downwards  into  the  layer  beneath  it.  Following  this  was 
a  deposit  of  black  loam  three  feet  deep,  and  underneath  this  was 
anotlier  laj^er  of  gravel,  and  then  a  deposit  of  earth.  A  thin 
stratum  of  gravel  was  then  removed,  when  ashes,  charcoal  and 
fiints  were  found  lying  upon  an  altar  of  stones.  The  latter  rested 
upon  a  bed  of  yellow  cla}'.  The  altar  was  about  one  and  a  half 
feet  high,  three  and  a  half  feet  in  length,  and  two  feet  in  width. 

■  See  Transactions  of  Wisconsin  Academy  of  Sciences,  Vol.  lY,  1876|  p.  188.  See  also 
American  Antiquarian,  Vol.  I,  No.  i,  p.  190. 
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The  excavation  was  continued  downward  to  the  deptli  of  three  and 


a  hair  feet  I>elow  the  Bairoanding  surface,  bat  noltung  fiirtbei  v 
found." 
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Ak  Ancient  Village  of  the  Emblematic  Mound-builders; 
Caches  guarded  by  Effigies  ;  Effigies  guarding  the  Vil- 
lage, AND  Sacrificial  Places  not  far  awat.  By  Stephen 
D.  Feet  of  Clinton,  Wis. 


Typical  Shapes  among  the  Emblematic  Mounds  ;  the  different 
Attitudes  exhibited  by  the  same  Animal.  By  Stephen  D. 
Pebt  of  Clinton,  Wis. 


Game  Drives  among  the  Emblematic  Mounds  ;   Deer  Drives, 

APPARENTLY    CONNECTED ;    BUFFALO    DrIVES  WITH    EXTENSIVE 

outlooks;    Hiding-places  for  hunters,  and  emblems  ac- 
companying THE  DIFFERENT  DrIVES.      By  STEPHEN  D.  PeET  Of 

Clinton,  Wis. 


The  Correspondence  between  the  Prehistoric  Map  of  North 
America  and  the  System  of  Social  Development  ;  the 
Grades  of  Primitive  Society,  and  the  Condition  of  the 
Native  Tribes  compared.  By  Stephen  D.  Peet  of  Clinton, 
Wis. 


Personal  Observations  of  the  Missouri  River  Mounds  from 
Omaha  to  St.  Louis  :  considered  from  a  geological  stand- 
point.   By  E.  P.  West  of  Kansas  City,  Mo. 

[ABSTRACT.] 

The  mounds  extend  from  Omaba,  Nebraska,  to  St.  Louis,  Mis- 
souri, in  an  uiibi-oken  cbain  and  are  invariably  associated  with  the 
Loess  and  Terrace  formations  on  the  Missouri  River,  and  are 
probably  coextensive  with  them  or  their  equivalents  in  other  lo- 
calities. But  this  fact  has  but  little  significance  without  other 
facts  which  stand  associated  with  it.  The  black  vegetable  mould  is 
as  thick  on  the  mounds  as  on  the  adjacent  land.  The  trees  grow- 
A.  A.  A.  8.,  VOL.  xxxn.  27 
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ing  on  them  are  aa  large  and  as  old  as  those  of  the  siirronnding 
forests.  But  all  this  might  be  covered  by  a  period  of  500  3'ear8. 
Other  facts  which  may  be  superadded  are  more  oonclasive. 
Stone  implements  have  been  frequently  found  in  the  Loess  from 
three  to  thirty  feet  deep  under  conditions  that  leave  bat  little  doobt 
of  their  having  been  lost  in  the  old  Champlain  lakes  and  covered 
ill  where  found  by  the  super-accumulation  of  their  deposits.  Hu- 
man bones  were  found  at  Kansas  City  in  a  Loess  hill,  near  its  som- 
mit,  eighteen  feet  below  the  surface  and  within  ten  feet  above  the 
base  of  the  deposits  under  conditions  to  lead  to  the  belief  that  they 
were  engulfed  and  buried  iu  the  same  way.  A  vase  of  antique 
pottery  was  found  in  a  Loess  hill  near  its  summit,  fifteen  feet  below 
the  surface,  in  clay  which  had  eveiy  indication  of  having  remained 
undisturbed  from  its  primitive  deposition,  at  White  Cload,  Kansas. 
Another  vase  precisely  similar  in  every  respect  was  found  in  an 
artificial  mound  on  the  summit  of  the  bluff  overlooking  that  place 
and  the  Missouri  River  about  half  a  mile  distant,  bat  at  a  greater 
elevation.  A  vase  of  the  same  antique  work  was  found  in  sinking 
a  well  on  a  broad  low  terrace  at  Manhattan,  Kan.,  at  a  depth  of 
nine  feet.  Dr.  Parr  of  Weston,  Mo.,  found  a  similar  vase  in  op- 
ening a  mound  on  the  summit  of  the  bluff  overlooking  that  place 
and  the  Missouri  River,  which  contained  the  vertebrae  of  a  fish 
and  some  shell  beads.  The  modern  Indian  erects  his  wigwam  on 
the  recent  alluvium,  and  in  the  valleys  and  uiM>n  the  plains  wroi^ht 
out  by  all  the  geological  ages,  with  equal  indifference,  showing  no 
preference  whatever  for  the  Loess  bluff  or  the  terrace  tables.  Not 
so  with  the  Missouri  River  mound-builders.  They  chose  these 
formations  to  the  exclusion  of  all  others.  The  pi*eferenoe  ooold 
hardly  have  been  from  any  peculiarity  of  the  soil  or  of  the  forma- 
tions themselves,  and  we  must  look  to  extnnsic  conditions  to  ex- 
plain their  choice. 

The  Loess  was  deposited  in  lakes  of  still  water  and  the  ten-aoes 
were  formed  by  shore  washings,  and  exposed  by  subsequent  eleva- 
tions of  the  land  or  subsidence  of  the  water.  May  we  not,  then,  look 
to  these  lakes  for  an  explanation  of  the  preference?  May  we  not 
reorard  the  Missouri  River  mound-builders  as  a  race  of  lake-shore 
dwellers,  made  so  from  considerations  of  food  supply  ?  It  is  prob- 
able that  all  of  the  mounds  in  Kansas,  Nebraska,  Iowa,  Missouri, 
Illinois,  Wisconsin,  Michigan,  Indiana  and  Ohio  north  of  the  40th 
degree  of  north  latitude  are  of  about  the  same  age  and  correspond 
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within  a  few  liundred  years,  at  most,  with  the  age  of  the  Missouri 
Hiver  mounds,  and  stand  associated  with  equivalent  geological 
formations,  i.  e.,  that  they  were  all  erected  fringing  on  lakes  which 
had  a  synchronous  existence  in  the  Champlain  epoch. 

The  occupancy  of  the  mound-builders  began  before  the  subsi- 
dence of  the  Missouri  River  and  Kansas  lakes,  otherwise  their  re- 
mains and  implements  would  not  be  found,  as  they  are  found,  in 
the  undisturbed  primitive  deposits.  And  the  changed  conditions 
which  followed  the  subsidence  preclude  the  idea  of  their  long  con- 
tinuance afterwards  without  changed  habits  and  modes  of  life. 
Outward  physical  conditions  in  a  great  measure  determine  the 
modes  of  life  of  a  primitive  people,  and  this  simple  race,  turning 
northward  after  the  close  of  the  ice  reign,  found  the  warm  Cham- 
plain  lakes  filled  with  fish,  inviting  an  occupancy  of  their  hospit- 
able shores.  Here  they  erected  their  mysterious  abodes  and  drew 
their  principal  food  supply  from  the  lakes.  But  time  moved  on 
with  its  inevitable  changes.  The  lakes  were  drained  and  the  sup- 
ply of  food  they  afforded  was  diminished,  while  the  productions  of 
the  land  were  increased  in  a  corresponding  ratio.  Conditions 
were  totally  altered  and  the  mound-builders  suffered  extinction  or 
else  were  forced  to  change  their  modes  of  life.  At  any  rate,  their 
distinctive  character  was  lost  long  before  the  European  touched 
foot  upon  this  continent. 

Were  they  exterminated  by  nomadic  neighbors,  or  did  they  be- 
come themselves  nomadic  in  their  habits?  We  may  never  know, 
but  their  total  and  tragic  extinction  is  most  probable. 


The  Mound  Builders  Identified.    By  John  Campbell  of  Mon- 
treal, Canada. 

[ABSTRACrr.] 

In  this  paper  it  was  taken  for  granted  that  the  ruling  tribes  of 
Mexico  and  the  Mound-builders  belonged  to  the  same  race.  This 
parent  race  is  alluded  to  in  the  Mexican  annals  as  that  of  the 
Citin.  The  author  derived  the  American  Citin,  whose  works  first 
appear  on  the  borders  of  Alaska  and  British  Columbia,  from  the 
Khitan  of  the  Chinese  and  Corean  historians,  who,  together  with 
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the  TchoQtchis,  once  occapied  a  great  part  of  Siberia,  took  posses- 
sion of  northern  China,  and  sent  colonies  into  Corea.  Tracing 
the  Khitan  backwards  he  found  an  earlier  seat  of  their  empire  in 
the  great  moand  country  at  the  head-waters  of  the  Tenesei  in 
Siberia,  the  mounds  of  which  bore  among  the  Tartars  the  tradi- 
tional name  Li  Katei,  or  the  sepulchres  of  the  Cathayans.  Through 
Tartary  and  Western  Thibet  the  Punjanb  was  reached  and  a  more 
ancient  habitat  of  this  race  indicated  in  the  country  possessed  in 
the  time  of  Alexander  the  Great  by  the  Cathaei,  whose  capital 
was  Sangala.  Thence  along  the  line  of  the  Hindoo  Koosh  moun« 
tains  and  the  southern  shores  of  the  Caspian,  he  arrived  at  the 
original  home  of  the  race  in  the  Caucasus,  Armenia,  Syria  and 
Mesopotamia,  where  it  was  known  to  the  Assyrians  and  Egyptians 
as  that  of  the  Khita  or  Kheti.  The  Khitan  empire  existed  on  the 
borders  of  Palestine  and  Syria  in  the  fifteenth  centnxy  B.  C,  and 
was  destix>yed  by  the  Assyrian  Sargon  in  the  year  717  B.  C. 
Soon  afterwards  it  was  reestablished  in  northern  India  where 
Alexander  found  it  still  flourishing  in  327  B.  C.  Aryan  encroach- 
ments did  not  succeed  in  wholly  overturning  this  empire  till  the 
fourth  century  A.  D.  Then  it  revived  in  Chorasmia  and  after  a 
short  existence  removed  its  seat  on  account  of  Tartar  invasions 
to  Siberia.  Another  eastward  movement,  the  result  of  foreign 
pressure,  marked  the  eighth  and  ninth  centuries,  during  which 
period  Corea  and  Japan  must  have  been  colonized  and  America 
discovered.  In  the  eighth  century  the  Toltec  empire  in  Mexico 
began,  and  in  the  eleventh  the  Aztecs  left  their  Asiatic  home. 

The  writer  called  attention  to  the  agreement  of  the  various  his- 
torical peoples  identified  as  members  of  the  Khitan  family  in 
physical  features,  language,  religion,  government  and  arts,  as 
mound-builders  and  the  possessors  of  a  peculiar  form  of  writing. 
He  then  proceeded  to  compare  the  Khita  hieroglyphics  of  Hamath 
and  Carchemish  in  Syria,  with  those  of  the  Siberian  inscriptions 
from  the  Yenesei,  the  Mound-builder  characters  on  the  Davenport, 
Brush-Creek  and  Grave-Creek  stones,  and  the  well-known  Aztec 
hieroglyphics,  exhibiting  their  identity  as  syllabic  types,  and  con- 
firming it  by  comparison  with  the  Cypriote  and  Corean  alphabets 
derived  from  the  same  source.  In  this  connection  he  referred  to 
translations  of  several  of  these  inscriptions,  Hittite,  Siberian  and 
Mound-builder,  published  by  him,  the  key  to  their  transliteration 
being  the  Aztec  hieroglyphic  system  and  to  their  translation  the 
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Japanese  language,  which  he  regarded  as  the  standard  of  Ehitan 
speech. 

He  then  presented  a  classifioation  of  existing  peoples  in  the 

Old  World  and  in  the  New  whose  primitive  stock  as  evinced  by 

langaage,  religion  and  tradition  was  Ehitan,  however  modified  by 

hybridism  in  physical  feature.  The  following  is  the  classification  :— 


In  Europe. 
In  Asia* 


Basques  and  Picts. 

Caucasians,  including  Georgians,  Circas- 
sians, Leshgians,  Mizjeji,  and  probably 
Ossetes. 

Turanian  Indians,  including  Pulindas, 
Quasi-Pulindas,  Eariens. 

Siberians,  including  Yeneseians,  Yukahi- 
rians,  Eoriaks,  Tohuktchis  and  Kam- 
tchatdales. 

Japanese,  including  Loo-Choos,  Ainos, 
Coreans  and  Japanese  proper. 

In  North  America.    Docotahs. 

Huron-Cherokees. 

Choctaw-Muskogees,  including  Natchez, 

etc. 
Pawnees 
Paduca-Pueblos. 
Yumas. 
Aztec-Sonoras. 

In  South  America.     Lencas  of  Honduras. 

Chibchas  of  New  Granada. 

Peruvians. 

Chilenos. 

The  writer  referred  to  the  former  existence  of  a  hieroglyphic 
syllabary  among  the  Creeks  and  suggested  that  the  Cherokee 
alphabet  of  Sequoiah  had  been  derived  from  some  such  source. 
He  maintained  that  the  Sanscrit  of  American  speech,  by  which 
languages  of  apparently  diverse  origin  might  be  unified  as  to  source, 
must  be  looked  for  not  in  America,  but  in  the  old  world. 
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Metrical  Standard  of  tbe  Mound-builders,  deduced  bt  the 

METHOD    OF    EVEN    DIVISORS.       By    ChARLKS    WhITTLESET    of 

Cleveland,  Ohio. 

[AB8TEACT.<] 

After  giving  an  account  of  the  principal  surveys  of  the  ancient 
works  of  the  state  of  Ohio,  the  author  stated  that  these  large 
groups  of  earth  walls  mark  the  sites  of  ancient  cities.     In  their 
original  state  their  greatest  height  was  probably  from  fifteen  to 
eighteen  feet,  generally  without  ditches.     Some  of  them  are  now 
fourteen  feet  above  the  surface  of  the  ground,  extending  at  various 
heights  more  than  a  mile  in  length.     Those  at  Marietta,  North 
Bend,  Portsmouth,  Newark,  and  near  Chillicothe,  are  j'et  so  well 
preserved  that  they  can  easily  be  traced.    Thej-  show  long  lines 
of  embankments,  rectangles,  squares  and  circles,  with  entrances 
or  gateways ;  and  also  mounds,  with  a  square,  rectangular  or  cir- 
cular base,  and  frequently  truncated  summits.     There  are  at  least 
fifty  combinations   of  this  kind  constituting  pueblos  or  ancient 
towns  within  the  limits  of  Ohio,  and  many  hundred  single  mounds, 
forts  and  isolated  works,  the  objects  of  which  are  still  conjectural. 
There  are  rarely  effigies  in  earth,  and  a  few  enclosures  and  mounds 
of  loose  stones.     The  engineers  who  laid  out  so  many  mathemati- 
cal figures  must  have  had  a  common  unit  of  measure. 

The  average  of  the  outstretched  arms,  from  finger  tip  to  finger 
tip,  has  long  been  recognized  to  be  a  fathom  of  six  Englisit  feei 
generally  used  in  nautical  matters.  It  can  be  traced  as  far  back 
as  the  Romans.  There  is  a  name  for  it  among  the  ancient  Teutons 
and  Scandinavians.  The  origin  of  the  English  yard  is  not  known, 
but  the  probabilities  are  that  it  is  based  upon  the  fathom  divided 
in  half. 

If  we  look  to  the  human  arm  as  the  datum  of  the  mound-builder 
standard,  and  assume  for  the  purpose  of  discussion  that  a  rod  or 
stick  of  two  and  one-half  or  of  Jive  English  feety  represents  ver}* 
closely  the  measure  used  by  that  people  in  laying  out  their  earth 
works,  we  have  sixty  English  inches. 

The  best  determination  of  the  average  human  arm  gives  about 
thirty  inches  from  the  shoulder  joint  to  the  tips  of  the  second 
(or  long)  finger,  which  is  half  of  sixty  inches. 

^  Printed  la  tuR  In  the  Tracts  of  Western  Reserve  Historical  Society,  CleYeland, 
1888. 
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If  the  outstretched  arms  truly  represent  the  fathom  of  two  yards, 
the  average  breadth  of  the  chest,  between  shoulder  joints  is  one 
foot^  or  twelve  inches.  Laying  the  palms  flat,  with  the  ends  of 
the  thumbs  touching  each  other,  the  spread  of  the  hands  is  a  close 
approximation  to  a  foot;  one  palm  and  its  thumb  is  a  half  foot^ 
or  six  inches. 

Is  this  coincidence  accidental?  That  any  mound-builder  unit 
should  correspond  to  the  English  foot,  or  inch,  must  be  accidental, 
unless  there  is  something  in  common  in  the  derivation  of  the 
standards.  Some  of  the  banks,  platforms  and  forts,  where  the 
forests  still  remain  over  them,  appear  to  be  nearly  perfect ;  but,  of 
course,  the  upper  crests  have  been  shortened  by  exposure,  and 
the  base  lines  increased.  The  surveyor  generally  finds  them  in 
such  a  condition  that  fractions  of  feet  are  not  reckoned,  except  in 
regard  to  height.  Of  course  the  superior  lines  are  all  short,  more 
or  less,  and  the  lower  ones  are  all  too  long,  as  compared  witli  the 
originals.  Where  the  measurements  are  taken  along  the  middle 
line  of  the  present  summits,  from  angle  to  angle,  the  distances 
must  be  nearly  the  same,  as  the  originals,  which  were  no  doubt 
measured  on  the  natural  surface,  along  the  middle  of  their  bases. 

A  survey  along  the  middle  of  the  surface  of  the  present  banks 
would  be  in  a  vertical  plane  directly  over  what  I  presume  to  be 
the  guide  line  of  the  mound-builder  engineers.  A  perimeter  de- 
termined in  that  way  cannot  materially  differ  in  length  from  the 
original,  but  a  very  large  proportion  of  the  works  are  not  regular 
figures,  with  equal  homologous  sides.  For  the  purpose  in  view, 
only  such  as  are  very  near  perfect  squares,  circles  or  rectangles 
will  be  used. 

Recently  Professor  O.  II.  Mftchel,  of  Marietta  College,  at  the 
instance  of  President  Andrews,  made  a  survey  of  two  prominent 
earth  platforms,  or  truncated  pyramids,  in  the  group  of  works  at 
Marietta,  O.  Professor  Mitciiel  reports  that  their  flat  surfaces 
are  in  good  preservation  —  one  146J  by  138.20  feet,  the  other 
118.14  by  200.  The  slopes  are  not  of  uniform  grade.  There  is 
no  difiSculty  in  making  exact  measurements,  which  were  determined 
by  two  sections  of  his  engineering  class,  but  the}'  differed  half  a 
foot  in  the  position  of  one  of  their  corner  stakes. 

Selecting  from  all  the  authorities  within  my  reach  such  lines  as 
appeared  to  have  been  measured  with  care,  I  found  them  to  be 
eighty-six  in  number.    Sixtt/'seven  of  them  are  the  sides  of  seven- 
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teen  platforms,  squares  or  rectangles,  varying  in  length  from 
45  to  1,150  feet.  Eleven  are  the  radii  of  circles  88  to  860  feet  in 
diameter.  Portions  of  regular  works  that  are  so  much  injured 
that  good  measurements  of  all  the  parts  cannot  be  made,  having 
50  to  950  feet  in  length,  furnished  the  remaining  eight  lines. 
Long  lines  are  more  reliable  than  short  ones,  because  there  is 
always  some  doubt  as  to  the  points  where  to  begin  and  to  end ; 
and  also  as  to  the  angle  where  the  middle  line  is  used. 

In  Boss  county  there  are  three  square  embankments  of  the  same 
size  having  1,080  feet  on  all  sides.  Below  is  the  result  of  the 
division  of  87  lines,  showing  the  results  in  a  tabular  form : 

Percentage  of  Hues  divisible  by  2i,  and  its  maltiples. 

2i  feet fifty-three  per  cent. 

5  " flfty-flve         " 

10     *• fifty-seven     " 

16     " forty-five       " 

Divisible  by  3  and  its  maltiples. 

8  <* thirty-six  per  cent. 

6  ** twenty-three" 

9  " twenty-three " 

12     " four  « 

Divisible  by  4 i    •    •    twenty-five    " 

«*        •«    8 fifteen  «« 

Tt  would  seem  to  be  a  certainty  that  the  ground  plans  should  have 
been  laid  out  by  a  rod,  which  was  not  used  in  fractional  parts.  If 
a  large  number  of  base  lines  are  found  to  be  divisible  by  one  figure, 
it  would  be  a  very  strong  inference  that  the  measuring  rule  of  the 
builders  was  about  that  length.  But,  because  we  use  feet  and 
inches  to  make  our  measurements,  that  affords  no  proof  that  the 
ancients  made  use  of  feet  and  inches.  We  have  no  other  mode  of 
making  comparisons,  but  there  were  many  other  units  which  they 
could  have  used. 

The  length  of  the  average  human  arm,  and  of  the  pace,  are  very 
near  to  thirty  inches^  or  two  and  one-half  feet.  In  some  countries 
the  pace  is  reckoned  from  the  track  of  one  foot  to  the  next  one  of 
the  same  foot,  ov  five  feet ^  equal  to  sixty  inches. 

Because  the  rule  or  measuring  stick  of  the  mound-builders  a{> 
pears  to  have  been  equal  to  a  given  number  of  our  inches,  and 
derived  from  the  arm  or  pace ;  it  by  no  means  follows  that  its 
subdivisions  were  equal  to  our  own,  or  that  they  knew  of  either  of 
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them.  Admitting  that  their  metrical  standard  was  thirty  inches, 
it  may  have  been  divided  in  haif^  equal  to  fifteen  inches ;  or  into 
quarters  of  7j^,  and  eigJUhs  of  Sf  inches.  These  spaces  are  divis- 
ible by  half  an  inch,  by  three-fourtlis  of  an  inch,  and  by  an  inch 
and  a  half  as  readily  as  by  an  inch ;  except  the  eighth  part. 
What  the  subdivisions  really  were,  we  are  left  wholly  to  conjecture. 


Kethods  of  Arrow  Rblrasb.    By  E.  S.  Morsr  of  Salem,  Mass. 

[AB8TBACT. 

Thb  author  recited  the  rules  at  present  applied  in  the  American 
system  of  archery  ;  the  bow  being  drawn  with  the  right  arm,  the 
arrow  being  placed  on  the  left  side  of  the  bow,  and  three  fingers 
being  used  to  hold  the  arrow.  Among  the  Japanese,  a  difiierent 
system  prevails :  the  arrow  is  placed  on  the  right  side  of  the  bow 
as  it  is  held  perpendicularly,  and  the  drawing  of  the  bow  is  per- 
formed with  only  the  thumb  and  one  finger  on  the  shaft.  China, 
Japan,  and  the  Corea  are  alike  in  this  manner  of  drawing  the  bow. 
Among  Indian  tribes,  the  methods  of  arrow-release  difl(er  very 
widely.  In  general  it  may  be  stated  that  our  system  of  arrow- 
release  (which  the  author  designated  as  the  Saxon  method)  is  sub- 
stantially the  same  as  that  of  the  majority  of  European  races,  the 
modifications  of  the  system  among  them  not  being  important. 

The  Japanese  use  a  glove  with  a  heavy  thumb,  and  sometimes 
a  heavy  ring  on  the  thumb.  Mr.  Morse  exhibited  the  Japanese 
archery-glove.  It  has  a  filling  of  wood  and  pitch  in  the  thumb, 
which  aids  in  grasping  the  arrow.  He  considered  this  glove  the 
best  of  its  kind. 

Our  system  of  three-finger  release  is  certainly  as  good  as  any 
other,  and  probably  is  the  best.  With  this  system  our  archers  — 
for  instance,  some  in  Ohio — are  able  to  outshoot  any  Indian,  tried 
by  all  the  usual  tests.  As  to  the  methods  of  stringing  the  bow,  the 
author  had  not  been  able  to  find  much  uniformity.  A  number  of 
different  modes  were  exhibited. 
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The  Kitchens  of  the  East.    By  £.  S.  Morse  of  Salem,  Mass. 

IAB8TRACT.] 

The  aathor,  daring  his  travels  in  eastern  Asia,  had  made  some 
observations  on  the  cooking-appai*atns  there  in  common  nse.  The 
Japanese  largely  employ  a  mere  fireplace,  over  which  the  vessels 
containing  food  are  suspended  by  hooks :  they  have,  however,  two 
or  three  kinds  of  regular  stoves  of  different  designs.  In  China, 
stoves  of  a  definite  character  are  in  use :  one  was  found  in  Canton 
which  was  very  elaborate ;  it  was  long,  and  had  numerous  open- 
ings. In  Singapore,  there  appears  to  be  only  one  kind  of  stove, 
and  it  is  of  decidedly  primitive  construction.  In  fact,  it  is  little 
more  than  a  rough  trough  filled  with  earth  and  sand,  on  which  are 
laid  rough  stones  selected  with  reference  to  pots  of  various  sizes ; 
and  the  fire  is  built  among  the  stones.  The  kitchens  in  which 
these  constractions  are  found  are  invariably  ver}'  dark  and  dirty. 
In  northern  Java  the  author  found  a  stove  made  of  arched  clav,  as 
half  an  earthen  pipe  would  be  if  cut  through  the  axis  of  the  cylin- 
der. This  half-c3'linder  is  set  with  the  open  part  down,  and  fire  is 
built  under  its  arch.  Holes  are  cut  through  the  crown  of  the  arch, 
to  hold  some  of  the  pots,  while  others  are  mei'ely  set  upon  the  sur- 
face. 


In-door  Games  of  the  Japanese.    By  E.  S.  Morse  of  Salem,  Mass. 

[ABSTRACT.] 

Among  the  simple  in-door  games  of  the  Japanese  are  some  that 
are  played  with  balls,  jackstones,  and  cat's-cradle ;  but  all  tbese 
are  more  elaborate  than  with  us,  and  the  cat's-cradle  goes  through 
a  far  greater  variety  of  changes.  The  author  believes  that  the 
gi*eater  intricacy  of  Japanese  simple  games  is  due  to  the  fact  that 
older  people  take  more  interest  in  them.  Among  these  games, 
there  is  one  similar  to  ^^  Simon  says  thumbs  up ;  '*  there  ai*e  tricks 
with  the  hands,  much  like  our  own ;  and  there  are  numerous  games 
of  striking  hands,  which  appear  easy,  but  require  much  practice  to 
acquire  adroitness.    There  are  many  games  that  test  strength  or 
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endurance :  among  them  are  some  in  which  ears  and  noses  are  pulled, 
and  others  where  the  competitors  each  hop  on  one  foot,  and  try  to 
push  their  rivals  over. 

They  have  a  very  elaborate  game  entitled  Yo.  The  pieces  are 
placed  on  intersections  instead  of  on  squares.  It  frequently  takes 
a  month  to  play  one  game,  and  the  players  often  deliberate  over 
a  move  for  an  hour  or  two.  Experts  in  the  game  acquire  a  wide 
reputation.  Japanese  chess  is  probably  the  most  intricate  game 
in  tlie  world.  The  board  has  eighty-one  squares,  and  twenty 
pieces  are  used,  which  have  moves  somewhat  like  our  own,  though 
none  are  exactly  similar.  The  pieces  change  in  grade  when  they 
arrive  at  a  certain  position  on  the  board.  The  strangest  feature  of 
the  game  is,  that  either  player  can  take  any  piece  which  has  been 
captured  from  him,  replace  it  on  the  board,  and  use  it  against 
his  adversary.  This  makes  the  game  utterly  bewildering  to  a 
foreigner. 

The  Japanese  have  no  games  with  spotted  and  court  cards  like 
ours ;  but  they  have  a  card  game  of  ^'  authors, "  which  compels 
players  to  cap  verses  of  classic  poetry. 
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penses  that  may  be  incurred  while  in  their  hands,  —  the  chances 
of  loss,  or  of  change  in  value,  —  and,  finally,  the  extent  of  the  de- 
mand for  whatever  may  be  the  product  of  their  skill,  industry,  and 
investment,  its  probable  permanence,  and  its  tendencies  to  change. 

These  questions,  being  well  considered  in  the  beginning,  will  en- 
able the  careful  operator  to  avoid  losses  from  imprudent  invest- 
ment, from  over-supply  of  the  markets,  or  from  the  depression  of 
receipts  below  the  limits  of  cost. 

By  a  train  of  reasoning  analogous  to  this,  those  intrusted  with 
the  government  of  towns,  cities,  or  states,  may  determine  as  to  how 
ftLT  the  cost  and  maintenance  of  public  enterprises  will  be  justified 
by  the  results ;  but  with  this  difference,  that  the  benefits  or  profits, 
instead  of  being  measured  by  a  money  value,  are  often  to  be  found 
in  an  advancement  of  the  public  welfare,  and  in  the  security,  con- 
venience, and  prosperity  that  may  ensue. 

But  whether  in  private  enterprise  or  public  undertaking,  we  may 
attribute  success  alike,  in  both,  to  an  attentive  notice  of  the  facts 
and  circumstances  upon  which  they  depend ;  and,  if  loss  or  failure 
follow,  the  reasons  may  very  generally  be  traced  to  ignorance  or 
inattention  as  to  the  facts  and  probabilities  that  should  have  been 
known  beforehand. 

These  thoughts  lead  us  directly  to  the  point  we  are  first  to  con- 
sider, viz. :  How  shall  the  knowledge  of  the  required  information 
be  obtained  ?  In  the  primitive  way  (and  for  a  small  business 
this  may  be  the  best  one),  the  person  will,  from  his  own  observa- 
tion, ^*  look  over  the  ground,"  and  consider  the  various  points  to 
be  taken  into  the  account.  He  will  make  inquiries  of  others,  as 
to  the  supply,  demand,  prospects  of  competition,  and  the  like ;  and 
thus  accumulate  a  certain  amount  of  information,  upon  the  extent 
and  accuracy  of  which,  his  success  or  failure  will  in  a  great  degree 
depend. 

Advancing  a  step  farther,  we  find,  in  most  great  industries  and 
interests  of  the  country,  that  those  in  the  same  business  or  pursuit, 
whether  in  the  arts  or  sciences,  or  in  financial  operations,  however 
they  may  be  influenced  by  local  rivalries  or  petty  jealousies,  are 
constantly  tending  to  the  formation  of  associations  or  societies,  for 
the  advancement  of  their  common  interests.  They  meet  for  the 
discussion  of  methods  by  which  expenses  may  be  saved,  or  profits 
increased.  They  inquire  of  one  another  as  to  their  experience  or 
observation  upon  doubtful  points.    They  seek  to  gather  light  and 


ECONOMIC  SCIENCE   AND   STATISTICS.  433 

aid  from  science  to  stimulate  and  reward  invention,  and  to  excite 
rivalries  in  the  comparison  of  improved  products.  Tliey  discuss 
financial  and  national  questions  that  may  effect  their  welfare ;  and 
not  unfrequently  they  appoint  committees  or  agents,  from  their 
own  number,  to  gather  statistical  facts  and  details  for  their  own 
use  and  guidance. 

We  consider  the  information  thus  obtained,  as  deserving  high  rank 
in  point  of  accuracy.  It  is  chiefly  taken  from  records,  without  a 
motive  for  concealment  or  evasion,  and  with  a  full  knowledge  that 
self-deception  and  loss  would  result  from  error,  whether  above  or 
below  the  truth. 

From  this  combined  experience,  each  member  who  participates 
obtains  a  standard  for  comparing  his  own  results  with  the  general 
average.  He  cannot  afford  to  fall  below  it,  and  he  has  the  strong- 
est motives  for  reaching  the  highest  limits  that  have  been  reached 
by  others. 

Still  these  statistics,  however  accurate  they  may  be,  are  neces- 
sarily s()€cial,  and  often  technical  in  their  nature.  They  cannot  be 
compared  with  those  of  another  business,  and  may  be  incomplete 
within  themselves,  as  naturally  relating  to  methods,  rather  than 
to  financial  details.  They  might  show  how^  rather  than  how  much. 
They  will  seldom  contain  a  balance-sheet  of  profit  and  loss,  or  any^ 
thing  that  would  advance  the  fortunes  of  a  rival  in  business,  or  re- 
veal the  secrets  of  an  unprofitable  enterprise.  We  must  receive 
them  as  we  find  them, — good  only  as  far  as  they  go. 

Besides  these  associated  business  inquiries,  prompted  and  guar- 
anteed by  self-interest,  we  find  various  others,  voluntarily  under- 
taken with  reference  to  particular  subjects,  often  for  the  promotion 
of  a  moral,  religious,  benevolent,  educational,  or  political  object 
and  ranging  in  value  all  the  way  between  the  accuracy  of  statements 
taken  from  records,  or  gathered  by  faithful  inquiry,  by  chosen  spec- 
ial and  zealous  agents  on  the  one  hund,  and  the  random  conjectures 
carelessly  returned  by  those  who  know  but  little,  and  care  still  less, 
about  the  subject  of  inquiry,  on  the  other.  It  would  be  wholly  im- 
possible to  assign  a  scale  of  value  to  statistics  thus  obtained,  where 
everything  depends  upon  the  circumstances  of  the  case,  and  the 
accuracy  of  information  on  the  part  of  those  who  make  returns, — 
the  fulness  with  which  they  are  reported  and  the  care  with  which 
they  are  combined. 

We  have  another  class  of  non-official  statistics  collected  and  pub- 
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lished  by  piirato  enterprise,  for  the  infonnation  of  particular  trades 
or  professions,  or  for  use  by  tlie  general  public ;  their  repulation 
and  success  de|)ending  wholly  u|)on  their  accuracy,  and  being 
brought  to  the  test  of  local  and  personal  knowle<lge  every  day  and 
everywhere,  we  may  naturally  expect  them  to  be  as  accurate  as 
they  can  be  made.  In  this  class,  we  may  include  directories,  trade 
and  market  reports,  financial  transactions,  and  the  current  commer- 
cial statistics  generally. 

There  may  be  instances  where  they  are  tainted  with  a  suspicion 
of  private  or  speculative  motive:  but  such  is  the  vigilance  of  rival 
enterprise,  that  detection  will  quickly  follow,  and  an  exposure 
would  at  once  degrade  a  reputation  for  independence  and  impartial 
statement,  to  the  rank  of  a  private  job  for  a  speculative  end. 

Exhibits  openly  made,  for  the  avowed  purpose  of  presenting  the 
favorable  side  of  a  business  enterprise,  ma}*  be  taken  for  what  they 
are  worth,  and  are  often  trust  worth}-  ;  but,  when  concealeil  under 
a  false  pretence,  they  deserve  suspicion,  and,  when  exposed,  they 
generall}'  injure  the  interest  that  they  represent. 

The  best  of  these  statistics  are  taken  from  records,  and  are  en- 
tirely correct ;  others  are  collected  by  special  agents,  and  should 
be  approximately  near  the  truth ;  and  there  is  still  another  class, 
made  up  from  the  estimates  of  those  supposed  to  know  the  facts, 
and  which  must  wander  more  or  less  from  the  actual  conditions 
that  they  attempt  to  represent. 

It  may  be  said  of  all  of  them,  that  their  greatest  value  is  for 
present  use.  They  quickly  pass  by,  to  give  place  to  tlie  next 
issue,  and  remain  only  as  historical  records ;  but,  as  such,  they 
still  afford  a  most  valuable  means  of  comparison  between  the  pres- 
ent and  the  past,  and  become  landmarks  of  progress,  ever  instruc- 
tive to  those  who  may  be  seeking  to  trace  the  origin  and  growth 
of  our  industries  and  our  resources ;  and  now  and  then  they  are 
recalled  as  precedents,  where  new  questions  arise,  under  circum- 
stances deemed  similar  to  the  past. 

We  will  next  consider  some  points  relating  to  inquiries  under- 
taken by  authority  of  government,  either  for  the  intelligent  dis- 
charge of  its  own  functions,  or  for  general  information,  the  good 
of  its  citizens,  and  the  advancement  of  knowledge  among  mankind. 

We  may,  in  general,  remark,  that  nothing  can  be  properly  done, 
in  the  machiner}'  of  government,  without  leaving  its  record.  If 
money  or  propert}'  is  received,  there  is  an  entiy ;  if  a  payment  is 
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made,  or  if  property  issued,  there  is  also  an  entry,  and  a  receipt 
to  prove  it.  In  short,  the  whole  theory  of  our  government  in- 
volves the  necessity  of  a  record  of  every  official  transaction  ;  and  it 
is  only  in  the  cases  of  intentional  fraud,  or  gross  neglect,  or  una* 
voidable  accident,  that  the  history  of  every  public  act  cannot  be 
traced  from  these  records. 

A  record,  to  be  trustworthy,  should  be  made  at  the  time  of  trans* 
action,  &nd  while  all  the  facts  as  to  time,  subject,  and  amount, 
or  other  points  of  statement,  are  fresh  in  mind.  Nothing  should 
be  trusted  to  the  memory,  and  for  record  at  more  convenient  sea- 
son. It  should  be  concise,  and  easily  understood,  and  may  often 
be  very  greatly  assisted  by  tabular  arrangement. 

The  summaries  of  these  records,  as  published  by  the  government, 
arc,  we  believe,  with  few  exceptions,  entitled  to  great  confidence, 
as  far  as  they  present  transactions  done  by  authority,  or  passing 
under  the  notice  of  government  agents. 

We  may  clasoify  the  official  statistics  of  the  government  under 
the  following  heads : 

Firsts  Summaries  of  current  business,  published  annually  or  at 
shorter  intervals. 

Second^  Periodical  inquiries  made  at  wider  intervals,  as  in  the 
census,  and  requiring  special  agencies  for  their  execution. 

Thirds  The  inquiries  made  by  experts,  or  b}'  special  commis- 
sions or  agencies  created  for  a  particular  purpose.  This  class  is 
sometimes  associated  with  one  or  the  other  of  the  preceding. 

Taking  from  among  these  classes  the  census,  as  one  of  the  most 
important,  let  us  notice  some  of  the  methods  by  which  it  has  been 
taken. 

The  earliest  returns  that  I  have  found,  in  colonial  times,  were 
made  by  sheriffs  and  constables.  At  a  later  period,  the  national 
census  was  for  a  long  period  taken  by  tlic  marshals  of  the  district 
courts,  or  their  deputies,  —  officers  whose  duties  are  quite  analo- 
gous to  the  former;  and  this  practice  of  assigning  the  task  to 
sheriffs  still  prevails  in  several  of  the  states. 

In  many  other  cases,  assessors  discharge  the  duty.  In  New 
York,  before  1855,  special  agents  were  appointed  by  local  author- 
ities ;  and,  commencing  with  that  year,  they  have  since  been  ap* 
pointed  by  the  secretary  of  the  state.  The  appointing  power  has 
been  vested  in  state  boards,  in  boards  of  county  commissioners, 
and  in  the  judges  of  inferior  county  courts.    Assuming  what  I 
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think  all  will  adroit,  that  census  inquiries  should  be  made  entirely 
free  from  any  suspicion  that  some  tax  or  some  personal  liability  is 
to  be  incurred,  it  is  evident  that  an  assessor  cannot  question  an 
ignorant  man  about  his  property  and  his  crops,  without  exciting 
his  fears  that  some  tax  is  to  be  laid.  The  sheriff  or  the  constable 
seldom  makes  a  professional  call,  except  to  serve  some  pai^ers  or 
make  an  arrest.  There  is,  therefore,  a  strong  reason  for  ap|>oint- 
ing  persons  who  are  to  make  the  census  inquiries  their  onlj'  busi- 
ness, and  for  making  it  widely  known  that  there  is  no  taxation, 
enrolment,  or  other  liability  incurred  by  giving  full  and  true  re- 
turns, and  that  there  is  no  sectarian  or  political  end  to  be  served 
by  the  inquiry. 

This  excellent  end  is  now  well  enough  secured  under  the 
nationul  law,  and  in  several  of  the  states.  They  have  a  still  better 
method  in  Great  Britain,  where  a  system  of  registration  of  births, 
marriages,  and  deaths,  has  its  districts  and  its  agents  under  con- 
stant organization,  and  to  which,  once  in  ten  years,  the  census 
can  be  assigned,  without  creating  new  offices.  In  Sweden,  where 
a  system  of  registration,  including  also  a  record  of  change  of 
residence,  is  in  charge  of  the  parish-clerks,  they  take  a  census 
whenever  they  choose  to  post  the  books,  without  any  special  in- 
quiries l>eing  made,  more  than  what  these  records  contain. 

In  the  national  census  before  1850, —  in  New  York  before  1855, 
—  and  in  some  of  the  states  still,  each  family  had  one  line  upon 
the  blanks ;  and  the  number  of  persons  of  different  ages,  sexes 
and  color,  were  entered  in  columns  provided.  The  limit  of  classi- 
fication was  of  course  restricted  to  these  columns ;  and,  although 
the  totals  of  each  class  were  easily  obtained  by  adding,  the  results 
were  meagre  and  unsatisfactory. 

The  change  that  allowed  a  line  for  each  name,  one  column  for 
the  exact  age,  and  other  columns  for  native  country',  profession  or 
occupation,  etc.,  while  it  simplified  the  labor  of  taking,  alloweil 
ample  field  for  classification  ;  and  it  made  it  necessary  to  employ 
a  large  force  of  clerks,  in  a  central  ofiQce,  for  the  reduction  of  the 
returns  for  publication. 

By  a  metliod  now  generally  used  in  Europe,  the  census  is  taken 
upon  ^'  householders'  schedules,''  which  are  distributed  one  to  each 
family,  some  days  beforehand,  filled  out  by  the  head  of  the  family, 
and  collected  upon  07ie  day.  The  only  instance  in  which  this  has 
been  done  in  the  United  States,  within  my  knowledge,  was  in  the 
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District  of  Columbia,  upon  tlie  eleventh  of  November,  1867. 
This  census  was  taken  by  the  metropolitan  police,  under  my  own 
direction,  and  with  entire  success.  It  was  attempted  in  the  city 
of  Baltimore  some  months  afterward,  and  failed,  apparently  from 
want  of  proper  management  on  the  part  of  those  in  charge. 

For  all  kinds  of  official  inquiries,  relating  to  business,  as  well 
as  to  personal  statistics,  I  think  the  true  and  proper  method  is,  by 
means  of  special  hlanJcs,  carefull}'-  prepared,  simple,  and  fully  ex- 
plained. These  should  be  distributed  some  little  time  beforehand, 
and  should  be  taken  up,  if  not  in  one  day,  within  a  short  period 
of  time,  but  with  reference  to  a  given  day.  The  chief  difficult}'' 
to  be  encountered  is  the  illiteracy  of  those  who  should  fill  the 
blanks ;  but  in  the  District  of  Columbia,  which  in  1867  contained 
a  large  number  of  colored  families,  but  recently  freed  from  slavery, 
the  blanks  had  been,  in  almost  every  case,  filled  out  by  some  one 
to  whom  they  had  been  carried. 

In  following  our  subject,  the  "  Methods  of  Statistics,"  we  may 
notice  some  points  in  the  condensation  and  arrangement  of 
facts  that  mav  be  of  Interest. 

With  a  vast  amount  of  information  before  us,  as,  for  example, 
in  the  returns  of  a  census,  let  us  consider  what  is  to  be  done,  and 
how  it  can  be  done  with  the  least  labor  and  greatest  certainty. 
After  inspection  to  make  sure  that  the  work  is  all  together,  in 
proper  order  and  condition,  it  will  be  found  that  several  distinct 
operations  are  necessary,  in  preparing  the  results  for  the  press. 
Columns  of  figures  must  of  course  be  added,  and  carefull}''  revised. 
As  the  totals  of  several  sheets  will  often  be  consolidated  into  one 
sum,  it  is  best  to  use  spare  sheets  of  the  same  schedule  for  en- 
tering the  totals  of  pages,  so  that  these  partial  totals  can 
be  easily  combined.  It  is  always  a  good  practice,  where  long 
columns,  of  many  figures  in  each,  are  to  be  entered  in  adding,  to 
provide  paper  with  narrow  vertical  ruling,  that  shall  allow  of  but 
one  figure  in  a  space.  In  cases  where  the  first  two  or  three  right- 
hand  characters  are  generally  ciphers,  they  may  be  left  out  alto- 
gether, the  significant  figures  only  being  entered  in  their  proper 
places.  It  saves  a  little  time  and  labor,  and  does  not  lead  to 
error. 

Where  a  great  amount  of  statistical  material  is  reported, —  as, 
for  example,  the  names  in  a  census, —  the  blanks  should  always 
be  plainly  divided  by  horizontal  and  vertical  lines,  printed  in 
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preference  to  ruled.  The  horizontal  lines  should  be  numbered  from 
the  top  downward,  u[>on  l)oth  margins.  This  numbering  is  the 
more  important  where  an  entry  is  carried  across  to  another  page. 
Each  line  should  contain  but  one  entry,  and  there  should  be,  if 
possible,  no  blank  lines  except  at  the  end.  Then,  with  a  little 
multiplication-table  at  hand,  showing  the  number  of  lines  in  a  full 
sheet,  and  for  each  number  up  to  the  highest  that  are  likely  to  be 
found  in  a  return,  the  totals  can  be  rapidly  and  accurately  ascer- 
tained, as  follows :  The  number  of  sheets  are  first  counted  on  the 
back  edge,  and  the  nural)cr  of  entries  they  should  contain,  if  full, 
are  set  down.  Then,  by  glancing  over  each  page  separately,  it  is 
easy  to  notice  whether  there  are  an}'  lines  with  two  entries,  any 
blanks,  or  any  lines  in  excess.  The  deficiencies  are  set  down  in 
one  column,  the  excess  in  another,  and  their  difference  is  adde<l  or 
subtracted,  as  the  case  may  require,  when  the  true  sum  is  at  once 
found.  This  operation,  which  is  the  first  thing  done,  should  be 
repeated  by  another  person ;  and,  when  found  to  agree,  it  shoald 
be  kept  as  a  test-number  for  verifying  the  accuracy  of  much  of 
the  work  that  is  to  follow.  In  measuring  parts  of  pages,  a  scale 
made  of  a  strip  from  the  margin  of  a  blank  schedule,  and  pasted 
upon  a  card,  will  save  all  labor  of  counting. 

In  statistical  labors,  where  the  same  returns  afford  material  for 
a  considerable  number  of  deductions, —  as,  for  example,  the  pop- 
ulation sheet  of  the  census, —  it  is  generally  best  to  take  one  thing 
at  a  time.  Thus,  the  ages,  professions,  nativities,  civil  condition, 
etc.,  Hhould  be  taken  by  separate  operations,  au<l  not  two  or  more 
at  once.  There  is  not,  however,  the  least  need  of  confusion  in 
keeping  the  subdivisions  of  these  subjects,  in  two  or  four  classes, 
—  as,  for  example,  ages  by  sex  and  color, —  by  a  simple  arrange- 
ment of  heavy  and  light  horizontal  lines  upon  the  tally-sheet,  and 
a  little  practice  in  its  use. 

There  is  much  to  be  gained,  both  in  time  and  accuracy,  by  a 
proper  arrangement  of  a  tally-sheet.  The  grouping  together  of 
tally-marks,  by  making  four  down  and  one  across,  so  as  to  divide 
the  work  into  groups  of  fives,  is  so  natural  and  obvious  a  method, 
that  few  who  have  had  occasion  for  this  kind  of  work  could  have 
failed  to  adopt  it.  By  an  arrangement  which  I  have  used  to  a 
large  extent  in  census  work,  I  have  had  my  tally-sheets  printed  off 
into  squares,  so  that  each  compartment  should  receive  one  groap 
of  five,  and  no  more.    Then,  by  a  series  of  numbers  with  a  com* 
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mon  difference  of  five,  printed  across  the  top  of  the  sheet,  at  the 
head  of  each  vertical  column,  the  number  of  tally-marks  in  a 
horizontal  row  can  be  known  at  once,  by  glancing  along  the  verti- 
cal column  containing  the  last  full  group  of  fives,  to  the  number 
printed  at  the  top,  and  then  adding  the  marks  in  excess,  but  less 
than  five,  in  the  next  compartment.  This  saves  all  connting,  and 
a  considerable  amount  of  time.  There  is  also  an  advantage,  on 
account  of  the  eyesight,  in  having  the  tally-sheets  of  some  other 
color  than  white :  a  neutral  tint  might  be  best,  but  I  have  found 
common  manilla  paper  answer  every  purpose. 

Plana  have  been  proposed  for  using  cards  of  different  sizes  and 
colors,  properly  inscribed  or  numbered,  as  counters,  for  classify- 
ing a  variety  of  facts,  forming  together  a  definite  whole.  By  us- 
ing colors,  the  eye  becomes,  without  mental  effort,  a  guide  to  the 
hand,  in  their  distribution  into  piles  or  cells  in  a  case  ;  and,  when 
the  work  is  done,  their  number  may  be  accurately  known  by 
weighing,  or  by  measuring  the  height  of  each  pile.  Those  of 
different  sizes  could  be  separated  by  mechanical  devices,  without 
handling,  and  a  little  practice,  wi'hout  liability  to  error. 

It  may  be  said  generally,  that  the  chief,  indeed  the  only  real, 
diflSculty,  in  the  preparation  of  statistical  data,  consists  in  getting 
the  facts  correctl}- .  There  is  nothing  in  the  operation  of  a  central 
ofiSce  that  needs  to  involve  error ;  or,  if  an  error  is  committed, 
there  should  be  no  diflSculty  in  tracing  it  to  the  clerk  who  is  re- 
sponsible for  it.  An  efiScient  way  to  secure  accuracy  in  work  would 
be,  to  make  a  money-charge  against  the  clerk  who  commits  an 
error,  to  be  paid  to  the  one  who  finds  it.  I  believe  that  something 
of  the  kind  is  done  in  some  of  the  statistical  ofiSccs  in  Europe,  a 
class  of  revisers  being  employed,  who  are  paid  by  the  fines  thus 
imposed  upon  the  careless. 

With  respect  to  statistics  obtained  by  circulars  addressed  to 
persons  supposed  to  have  the  information  desired,  we  have  every 
grade  of  value,  from  good  to  good  for  nothing.  The  result  depends 
upon  many  circumstances ;  as,  for  example,  whether  the  person 
making  the  return  is  paid,  or  is  under  some  obligation  to,  or 
expects  some  favor  from,  the  person  or  oflSce  making  the  inquiry ; 
whether  the  inquiry  can  be  answered  by  reference  to  a  record,  or 
by  some  research  more  or  less  conveniently  made,  or  is  to  be 
supplied  from  personal  opinion,  and  a  general  knowledge  of  the 
subject ;  or,  finally,  w^hether  the  question  can  be  answered  by  any 
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thing  better  than  a  guess,  bj'  one  who  knows  perhaps  ven*  little 
about  it. 

1  woulil  hold  it  to  be  the  general  rule,  that  wliere  the  inqairies 
are  few  and  simple,  exact  as  to  their  object,  and,  if  they  i*efer  to 
a  record,  exact  as  to  time  and  subject,  and  especially  if  they  can 
be  returned  upon  the  same  blank,  and  without  expense  for  postage 
or  otherwise,  a  very  large  percentage  will  be  answered  without  a 
second  application.  A  repeated  call  would  probabl}*^  bring  a  third 
or  a  half  of  the  remainder ;  but  there  will  be,  now  and  then,  one 
who  will  fail  to  reply,  unless  under  official  or  personal  obligation 
to  do  so. 

We  have  thus  far  considered  the  dealing  with  statistics  that 
have  been  gathered  from  the  whole  of  a  given  field  of  inquiry ; 
there  are  other  mctho<ls  that  deserve  notice,  and  the  first  of  these 
is  that  "  by  samples."  A  portion  of  some  whole  is  carefully 
studied,  and  the  results  obtained  are  deemed  applicable  to  the 
entire  field. 

The  French  statistician  Moreau  de  Jonnes  has  given  some  in- 
stances of  this  method,  as  applied  in  times  past,  by  persons  who 
had  acquired  eminence,  and  whose  work  gained  confidence ;  and 
very  properly  asks,  "What is  such  work  worth?" 

Vauban,  distinguished  as  a  military  engineer,  at  the  beginning 
of  the  eighteenth  century,  wishing  to  know  the  agricultural  pro- 
duction of  France,  and  the  revenue  it  would  yield,  resorted  to  a 
method  which  would  appear  strange  enough  now,  but  still  may  be 
called  ingenious.  He  attempted  to  reach  his  object  by  taking  an 
exact  account  of  the  production  of  a  square  league,  reckoning  the 
arable  land,  vineyards,  pastures,  and  woodlands,  with  their  pro- 
duels  in  quantity  and  value ;  and  then,  by  the  simple  ^^  rule  of 
three, "  he  said,  ^^  as  1  is  to  25,000,  so  is  the  result  to  the  whole  of 
France. " 

The  English  agriculturist,  Arthur  Young,  sought  to  ascertain 
the  proportions  of  meadow-land,  mountains,  and  the  like,  in  France, 
by  cutting  up  a  map  by  lines  following  these  features  of  the  surface, 
and  weighing  the  parts. 

In  1790  Lavoisier,  distinguished  in  science,  and  for  this  reason 
consulted  b}"^  the  national  assembly  upon  a  question  of  imposts, 
found  no  existing  data  that  applied  to  the  internal  resources  of  the 
country,  until  he  himself  supplied  them,  by  a  method  that  is  now 
altogether  neglected  in  statistical  researches.    He  proposed  to  as- 
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certain  the  number  of  ploughs  in  the  country,  and  from  this  to  cal- 
culate the  quantities,  production,  and  consumption  of  agricultural 
crops. 

In  1784  M.  Necker,  the  distinguished  statesman,  deduced  the 
population  of  France  from  an  assumed  percentage  of  the  birth- 
rate ;  and  this  was  taken  for  a  census  ! 

But  coming  down  to  a  much  later  period,  we  find  a  remarkable 
application  of  the  law  of  induction  in  a  work  upon  the  industries 
of  France,  by  the  minister  Chaptal.  He  presents  agricultural  ta- 
bles, which  have  been  received  with  great  confidence,  since  they 
bear  the  appearance  of  official  statistics,  and  were  executed  under 
tlic  Empire.  Ilis  tables  are  found  to  have  been  computed,  with- 
out acknowledgment,  from  a  statement  addressed  by  M.  Hennet, 
director  of  the  cadastral  survey,  in  1817,  at  a  time  when  not  more 
than  a  seventh  part  of  this  work  had  been  finished.  The  other  six- 
sevenths  were  obtained  by  a  simple  multiplication  of  the  finished 
part. 

Many  years  ago,  a  '^  distinguished  statistician  "  published,  with 
great  apparent  precision,  the  yield  of  potatoes  in  France.  There 
bad  been  no  official  inventory  taken ;  but  when  one  came  to  be 
made,  some  time  afterwards,  it  was  found  that  this  deduction  had 
been  obtained  by  multiplying  the  yield  of  a  single  commune  by 
37,000,  the  number  of  communes«in  France. 

These  examples  might  be  multiplied  indefinitely  ;  and  we  need 
not  cross  the  Atlantic,  nor  go  far  back  in  time,  to  find  them.  There 
is  scarcely  a  day,  but  that  we  see  passing  through  the  newspapers, 
estimates,  deductions,  and  statements,  that  have  no  more  solid 
foundation  than  those  we  have  cited.  Nevertheless,  we  must  not 
wholly  disregard  the  inductive  method  in  statistics:  there  are 
many  cases  in  which  we  can  get  nothing  else. 

The  chemist  must  analyze  the  soils  and  the  ores  from  samples. 
In  every  operation  of  testing  the  quality  and  the  value  of  any  com- 
modity whatever,  we  must  select  from  the  material  before  us  what 
appears  to  be  the  average  quality.  And  so  of  statistics  gener- 
ally:  if  there  is  no  actual  and  general  inventory  made,  we  must 
collect  from  what  is  deemed  a  fair  average,  and,  from  these  data, 
obtain  such  conclusions  as  they  afford.  The  result  in  this,  as  in 
everything,  will  depend  upon  the  intelligence  and  honesty  of  the 
person  who  makes  the  estimate,  the  extent  of  his  opportunities, 
his  experience,  and  his  skill.         * 
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Returniug  to  the  field  of  exact  statistics,  we  may  remark,  that 
we  can  never  liave  an  accurate  census  of  the  population  until  we 
have  a  thorough  and  uniform  registration  of  births,  marriages,  and 
deaths ;  a  measure  which  this  Association  undertook  to  promote, 
more  than  a  quarter  of  a  century  ago,  but  which  has  not  made 
successful  progress. 

We  cannot  have  a  faithful  statement  of  the  industries,  without 
a  record  kept  of  the  production,  the  consumption,  and  the  cost  of 
operation.  This  is  already  done  by  most  of  the  important  ones, 
as  an  incident  of  business ;  but  we  lose  the  advantages  by  the 
hurried  manner  iu  which  the  official  inquiries  are  made.  Yet  upon 
these  returns  we  rely  for  all  that  is  collectively  known  about  them. 

It  follows,  that,  until  we  can  realize  these  desirable  features,  the 
best  w^e  can  expect  is,  to  afford  more  time  for  previous  preparation, 
by  submitting  beforehand  the  questions  that  are  to  be  answered ; 
which  can  only  be  done  by  the  aid  of  "householders'  schedules" 
for  population,  on  "special  blanks "  for  each  of  the  industries,  or 
other  subjects,  that  come  within  the  range  of  inquir3\ 

It  was  my  intention  to  dwell  at  some  length  upon  the  illustration 
of  statistical  facts  by  graphic  methods ;  but  time  will  not  permit, 
and  opportunity  for  full  preparation  has  not  been  found.  For 
more  than  thirty  years  I  have  been  accustomed  to  note  down  the 
principles  involved  in  these  methods,  whenever,  in  the  course  of  a 
wide  and  varied  range  of  opportunity,  a  new  one  was  found  ;  and 
it  has  been  with  me  a  cherished  Intention  to  present  the  whole  sub- 
ject in  a  systematic  form. 

We  may  concisely  state,  that  graphic  illustrations,  using  lines, 
areas,  or  angular  spaces,  often  supplemented  by  colors,  may  be 
employed  for  representing  either  — 

1.  Quantities,  with  or  without  reference  to  time. 

2.  Teme,  in  recurring,  interrupted,  or  progi-essive  periods. 

3.  Direction,  or  relative  position;  and 

4.  Intensity  or  force. 

In  general,  but  two  elements  can  be  clearly  presented  at  once ; 
but  by  a  skilful  use  of  different  colors,  or  kinds  of  lines,  subjects  of 
the  same  nature  may  be  admirably  compared,  and  the  relations  of 
cause  and  effect  not  only  illustrated,  but  even  discovered  and 
proved.  It  is  ofteli  admissible  to  introduce  subjects  havinc^  dis- 
similar notation,  —  as,  for  example,  degrees  of  temperature,  and 
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beigbt  of  barometer, — in  the  same  drawing ;  bat  in  these  eases 
each  must  have  its  own  scale,  and,  in  a  general  way,  every  dia- 
gram must  have  a  scale  for  every  element  of  the  subject  that  is 
represented,  either  expressed  or  implied. 

Quantities  may  be  shown  either  as  they  exist  at  certain  periods 
of  time,  or  as  they  form  parts  of  a  general  total ;  and  they  may  be 
presented  so  as  to  exhibit  successive  subdivisions,  down  to  any 
desirable  degree.  If  the  divisions  of  a  general  total  do  not  require 
subdivision,  they  may  best  be  shown  by  angular  spaces,  as  sectors, 
which  together  make  up  the  whole  of  a  circular  area.  If  the  divis- 
ions have  some  qualities  in  common,  the  shades  of  color  ma}'  be 
of  different  intensity,  significant  of  the  degrees  of  quality  that  may 
exist.  But  where  there  are  successive  subdivisions,  or  parts  of 
parts  of  a  whole,  there  is  no  way  so  exact  as  by  means  of  rectan- 
gular areas,  which  may  also  be  shaded  in  different  tints,  as  well  as 
to  separate  them  one  from  another  as  to  show  differences  of  inten- 
sity or  degree. 

In  both  of  these  methods,  as  well  of  angular  spaces  as  of  rec- 
tangular areas,  we  can  only  show  quantities  as  they  exist  at  a  given 
point  of  time.  We  catch,  as  it  were,  the  conditions,  as  docs  the 
light,  the  image  in  a  camera.  They  admit  of  no  such  thing  as 
motion  or  change ;  but  these  changes  may  often  be  strikingly  rep- 
resented by  a  series  of  diagrams,  presenting  the  conditions  at  dif- 
ferent periods  of  time. 

Where  time  and  quantity  are  combined,  we  have  an  eas}'  and 
striking  means  of  illustration  ;  and  in  this  the  time  may  be  in  re- 
curring periods,  such  as  the  hours  of  a  day,  or  the  months  of  a 
year,  or  it  may  be  progressive,  as  in  a  series  of  years. 

For  the  recurring  periods,  I  think  there  is  nothing  so  convenient 
and  instructive  as  the  circle^  in  which  the  quantities  are  measured 
along  the  radii,  from  the  centre  as  tbeir  base.  The  entire  radius 
may  sometimes  represent  the  whole  of  that  of  which  these  partial 
measurements  are  a  part. 

For  a  progressive  series,  the  ordinates  representing  quantities 
should  be  measured  from  a  level  base-line,  and  the  scale  of  gradu- 
ation shown  upon  the  side  margin,  while  the  time  is  measured  from 
left  to  right  by  a  scale  along  the  upper  margin. 

For  a  simple  comparison,  a  series  of  bars  or  lines,  measured  from 
a  common  base,  and  either  horizontal  or  vertical,  is  a  convenient 
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and  striking  mode  of  illustration,  and  has  now  come  into  veiy 
common  use. 

A  rectangular  area,  with  parallel  divisions,  amounts  to  the  same 
thing  as  a  line ;  but  with  this  difference,  that  a  secondary  subdi- 
vision may  sometimes  be  represented  with  great  effect. 

Having  thus  stated  some  points  in  reference  to  graphic  illustra- 
tions upon  a  true  principle,  I  should  not  leave  the  subject  without 
word  of  censure  for  some  that  are  false.  I  will  specify,  particu- 
larly,  such  as  attempt  to  represent  comparative  quantities  by 
eoncerUric  Jigurea^  such  as  circles  or  squares.  The  eye  has,  in  these 
cases,  no  means  of  Just  comparison  ;  and  they  are  very  apt  to  mis- 
lead, where  they  are  intended  to  instruct. 

The  same  objection  may  be  made  against  similar  geometrical 
solids ;  for,  although  they  may  be  literally  true,  their  contents 
being  to  each  other  as  the  cubes  of  similar  lines,  the  eye  does  not 
readily  see  the  difference.  It  would  be  better,  in  such  cases,  to 
use  cylinders  or  prisms  of  the  same  base  but  proportioned  in  length 
to  the  quantities  that  they  represent. 
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MR.  EZEKIEL    B.  ELLIOTT 

VICE   PRESIDENT,    SECTION  I. 
[Delivered  at  the  Montreal  MetHng,  1882.] 


THE  SECTION  OF  ECONOMIC  SCIENCE  AND  STATISTICS: 

ITS  SCOPE  AND  ITS  LIMITS. 


Twenty-five  years  ago,  in  1857,  at  the  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science  held  in  Montreal, 
I  had  the  honor  of  presenting  a  paper  involving  elaborate  com- 
putations showing  the  law  of  mortality  in  the  state  of  Massachu- 
setts, United  States,  with  corresponding  tables  of  annuities  and 
other  monetary  values,  and  comparing  the  results  with  those 
of  other  communities ;  a  paper  which  would  probably  have  been 
assigned  to,  and  read  before  this  section  had  this  section  then  ex- 
isted. 

The  British  Association  for  the  Advancement  of  Science,  after 
the  plan  of  which  this  Association  was  in  a  large  part  formed,  was 
organized  in  1831.  Its  section  of  Statistics  was  formed  two  years 
later  in  1833,  and  the  Section  of  Economic  Science  and  StatisticSj 
was  established  in  1856,  23  years  later. 

With  us,  the  Section  of  Economic  Science  and  Statistics  was 
formally  established  in  1881  and  is  put  into  effective  operation  at 
the  present  session,  in  1882. 

Papers  of  a  character  entitling  them  to  be  read  before  this  Sec- 
tion have  hitherto  in  general  been  assigned  to  section  A,  that  of 
Mathematics  and  Physics. 

iTbe  aathor  was  nnable  to  prepare  the  address  In  time  for  publication  In  the  Mon- 
treal Proceedings.  It  is  therefore  printed  in  the  present  yolame  by  vote  of  the  Stand- 
ing CommiCtoo.—  £d. 
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446  BECTION  I. 

Tlie  methods  of  investigation  employed  in  considering  these 
8nl>jects  were  more  closely  allied  to  the  methods  of  section  A, 
Mathematics  and  Physics —  than  to  those  of  Section  B,  Geology  and 
kindred  sciences. 

Economic — pertaining  to  man  and  his  welfare  ;  man  in  his  do- 
mestic and  social  relations ;  man,  what  he  is,  his  property  or 
what  he  controls,  and  his  surroundings,  over  which  he  has  little 
or  no  control  —  like  climate,  and  the  changes  of  the  weather  and 
of  the  seasons. 

Economic  Science. —  The  subjects  which  properl}'  pertain  to  this 
section  are  scientific  not  speculative.  The  section  is  to  deal  with 
facts,  known  facts;  not  scattei*ed,  heterogeneous,  unrelated  facts, 
but  known  facts  reduced  to  order. 

Statistics, — The  subjects  considered  must  be  truly  scientific,  that 
is,  knowledge  reduced  to  order,  pertaining  to  the  interests  of  man, 
cither  singly,  as  an  individual,  or  associated  in  communities,  or 
related  b}*  some  common  law. 

The  subjects  to  be  submitted  to  this  Section  are  not  exclusively 
those  which  belong  to  economic  science,  but  may  pertain  to  any 
facts  to  which  the  application  of  statistical  methods  are  peculiarly 
adapted,  to  facts  susceptible  of  numerical  expression  and  which 
may  be  arranged  in  tables ;  to  any  facts  susceptible  of  such  ar- 
rangements and  groupings  that  the  numerical  laws  which  underlie 
may  be  elicited :  numerical  laws  based  upon  the  past,  and  which 
will  afford  facilities  for  confident  and  trustworthy  predictions  as  to 
the  future, —  for  example,  the  construction  of  life  and  annuity 
tables,  correctly  deduced  from  authentic  records  of  population 
and  deaths. 

Among  statistical  methods  useful  and  necessary  to  the  eliciting 
of  the  more  recondite  and  higher  laws  and  results,  the  mathemat- 
ical doctrine  of  probabilities  plays  an  important  part.  It  may  be 
doomed  desirable  in  the  not  very  distant  future,  for  this  section  to 
create  a  sub-section  for  the  special  consideration  of  the  subjects 
and  processes  to  which  the  mathematical  doctrine  of  probabilities 
now  specially  applies. 

Mr.  Qiictelct,  the  eminent  Belgian  astronomer  and  statist,  whose 
acquaintance  it  was  my  good  fortune  to  make  at  Berlin,  in  1863, 
on  the  occasion  of  the  convening  in  that  city  of  the  fifth  session 
of  the  International  Statistical  Congress,  there  said  to  me  that  he 
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had  made  an  effort  at  a  previous  session  of  the  congress,  in 
London,  to  establish  a  section  to  be  devoted  to  the  application  of 
the  mathematical  doctrine  of  probabilities  to  statistics — but  that 
he  had  failed,  tiiat  he  had  been  making  a  like  effort  at  the  session 
in  Berlin,  then  holding,  but  should  fail,  much  to  his  regret,  the 
number  of  trained  mathematicians  among  the  statisticians  assem- 
bled, being  small, —  but  that  he  was  confident  in  his  hope  that  at 
the  next  session  of  the  International  Statistical  Congress  he  should 
succeed. 

The  next  session  of  that  congress  was  held  two  years  later  in 
Florence,  Italy,  and  Mr.  Quetelet  did  succeed ;  such  a  section  was 
there  formed,  and  has  since  continued  a  feature  of  that  very  im- 
portant and  useful  organization. 

A  wide  range  of  subjects  properly  belongs  to  this  section  of  our 
Association — a  section  destined,  I  doubt  not,  to  be  one  of  great 
importance,  and  to  be  the  promoter  of  practically  useful  results 
not  merely  to  America,  but  to  the  entire  world, —  for  the  valuable 
results  of  economic  and  statistical  inquiries  are  not  limited  to  the 
people  who  foster  them,  but  are  as  far-reaching  as  humanity  it- 
self. 

This  Section,  as  has  been  mentioned,  embraces  the  consideration 
of  a  vast  extent  of  special  subjects  relating  to  man,  his  nature,  his 
possessions,  and  liiis  surroundings  of  all  kinds,  including  facta 
tending  to  show  the  condition  and  changing  condition  of  commu- 
nities, races,  individuals,  and  interests. 

An  early  and  continuous  knowledge  of  the  condition  and  changes 
of  condition  of  a  com  muni  t}^  and  a  prompt  digest  and  publi- 
cation of  the  facts,  may  tend  greatly  to  its  welfare,  —  not 
merely  in  time  of  peace  and  prosperity,  but  also  and  especially  In 
time  of  war  and  of  epidemics.  The  varying  state  of  the  commu- 
nity, or  interest  in  question,  may  thus  be  brought  clearly  to  the  at- 
tention of  the  authorities  and  the  people,  so  that  evils  as  they 
arise  ma}*^  be  instantly  known  and  suppressed. 

We  may  note  as  within  the  province  of  the  consideration  of  this 
Section,  units  of  measurement  in  general,  as  of  longitude,  time, 
space,  force  and  energy,  and  other  constants  of  nature  and  art. 
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The  Increa.se  of  the  Coloked  Population  of  the  United  Statefj. 
By  Calvin  S.  Mixter  of  U.  S.  Census  Office,  Washington, 
D.  C. 

Since  the  publication  of  the  statistics  of  the  population  of  the 
United  States  as  ascertained  from  the  returns  of  the  census  of 
1880,  it  has  been  frequently  asserted  that  they  indicated  very 
clearly  that  the  colored  people  of  this  country  are  increasing  more 
rapidly  in  their  present  state  of  freedom,  than  they  did  when  in 
slavery.  While  it  is  true  that  the  census  returns  of  1880  when 
compared  with  those  of  1870,  seem  to  justify  this  statement,  it  is 
nevertheless  true  that  there  is  reason  to  doubt  the  accuracy  of  the 
census  of  1870,  in  this  respect.  When  the  general  results  of  the 
tenth  census,  so  far  as  they  related  to  population,  were  published 
in  the  summer  and  fall  of  1880,  it  was  charged  by  numerous  influ- 
ential journals  that  the  returns  of  the  colored  population  of  the 
southern  states,  especially  those  relating  to  South  Carolina  and 
Mississippi,  exhibited  so  large  an  increase  over  those  of  1870,  that 
they  were  more  or  less  fraudulent.  This  was  reiterated  so  fre- 
quently that  the  Superintendent  of  Census,  after  consultation  with 
the  Secretary  of  the  Interior  and  the  President,  sent  two  capable 
officials  from  his  office  in  September,  1880,  to  investigate  this  mat- 
ter, the  results  of  which  were  embodied  in  an  official  report  to  the 
Secretary  of  the  Interior,  dated  October  5,  1880,  wherein  he  ex- 
pressed the  opinion  that  they  ^^  satisfactorily  settle  the  question  as 
to  the  fairness  of  the  tenth  census  in  South  Carolina. " 

Another  and  fuller  investigation  was  made  by  five  other  officials 
detailed  from  the  Census  office,  in  November,  1880,  which  contin- 
ued for  nearl}'  two  months  and  led  "  to  the  conclusion  that  the 
census  of  South  Carolina  was  correctly  taken. " 

These  reports  may  be  found  in  Appendix  C,  pages  liv  to  Ixxvi  of 
the  Introduction  to  the  Compendium  of  the  Tenth  Census  of  the 
United  States,  1880.  An  investigation  was  also  made  in  Missis- 
sippi, which  resulted  in  like  manner. 
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The  reports  relative  to  South  Carolina  give  details  as  to  the 
manner  in  which  the  investigations  were  conducted,  and  also  as  to 
the  course  pursued  in  1870,  by  the  enumerators  who  took  the 
ninth  census  in  certain  localities,  which  will  account  for  some  of 
the  principal  defects  in  their  returns.  "  The  universal  testimony 
obtained  is  that  (in  1870)  the  names  were  obtained  at  court  ses- 
sions, at  musters  and  other  like  occasions,  where  considerable 
portions  of  the  {K>pulation  were  brought  together,  and  not  by  a 
house-to-house  canvass. " 

The  following  table  exhibits  the  returns  of  the  colored  popula- 
tion,!, e.y  persons  of  African  descent,  in  1880, 1870, 1860, 1850  and 
1840,  according  to  the  U.  S.  Census  reports,  giving  in  detail  the 
numbers  reported  from  those  states  where  the  largest  portion  of 
such  persons  resided. 


Residimo  in 


Alabama 

Arkansas 

Delaware 

District  of  Columbia. 

riorida 

Qeoi'gia 

Kentucky..... 

Lonisiana 

Maryland 

Mississippi 

Missotiri 

North  Carolina 

South  Carolina 

Tennessee 

Texas 

Virginia 

West  Virginia 

Total  Sonthem  states 
Total  all  other  states. 

Total  United  States... 


18d0 

1870. 

1860. 

600,103 

475,510 

437,770 

210,066 

122,169 

111,259 

S6,442 

22,794 

21,627 

69^ 

43,404 

14,816 

126,090 

91.688 

62,677 

725.138 

545,142 

465,698 

271»45l 

222,210 

236,167 

483,655 

864^210 

350,373 

810,290 

175,391 

171,131 

690,2»1 

444,201 

437,404 

145,350 

118,071 

118,503 

631,277 

891,650 

861,622 

004,332 

415,814 

412,330 

403,151 

822,831 

283,019 

393,884 

253,475 

182,921 

631,016 

612,841 

627,763 

25,886 

17,980 

21,144 

6,009,253 

4,538,882 

4,215.614 

481,640 

841427 

226,216 

0,680,793 

4,880,009 

4,441,R!» 

1850. 


1840. 


345409 

47,708 

20.3G3 

13,746 

40,242 

884,613 

220,902 

202,271 

165,091 

810,806 

90,040 

316.011 

883,944 

245,881 

68,558 

028.861 


3,442,288 
186,670 


8,638,808 


255.571 

20,40C 

19,524 

13,055 

26,534 

283,097 

188^73 

1934154 

151415 

196,5n 

68.SI4 


335^14 
188,583 

•  •  •  • 

4S6.8S9 


2.701,791 
m,857 


S.873.648 
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An  inspection  of  the  foregoing  table  will  sliow  that  m  several 
states,  and  especially  in  Arkansas,  Louisiana,  Maryland,  Missis- 
sippi and  South  Carolina,  the  population  reported  in  1870  is  but 
slightly  in  excess  of  that  reported  in  1860,  while  that  returned  for 
1880  shows  a  large  increase  over  that  given  for  1870.  In  Kentucky, 
Missouri,  Virginia  and  West  Virginia  there  was  a  smaller  popula- 
tion reported  in  1870,  than  there  was  in  1860,  but  in  these  states 
there  was  also  a  considerable  increase  sliown  by  the  returns  of 
1880  over  those  of  1870. 

The  magnitude  of  this  increase  seems  to  indicate  first,  that,  as 
has  already  been  pointed  out,  the  census  of  1870,  so  far  as  relates 
to  these  states,  was  seriously  defective,  and,  second,  that  the 
methods  adopted  in  1880  secured  better  and  fuller  returns  than 
had  been  previously  obtained.  This  result  was  mainly  due  to  the 
fact  that  a  much  larger  number  of  enumerators,  in  proportion  to 
the  population,  was  employed  in  1880  than  ever  before,  each  of 
whom  had  a  much  smaller  territory  to  canvass,  and  a  better  knowl- 
edge of  the  families  and  residences  included  within  the  limits  of 
his  district,  and  who,  in  the  performance  of  his  duties,  was  under 
the  immediate  direction  and  control  of  an  official  that  had  been 
selected  and  appointed  for  this  purpose. 

An  examination  of  the  rate  of  increase  of  these  people  since 
1840,  seems  also  to  indicate  defects  in  the  numbers  reported  in 
the  census  of  1870,  and  further  that  they  are  not  increasing  any 
more  rapidly  now  than  formerly. 

The  rate  of  increase  throughout  the  United  States  has  been  as 
as  follows : 

From  1840  to  1850  the  rate  was  26.6  per  cent. 
"     1850  to  1860    ''      "      *'    22.1    *'       " 
"     1860  to  1870   "      "      "      9.9    "       " 
*'     1870  to  1880   "      '»      ''    84.8    "      " 

When  however  periods  of  twenty  years  are  taken  the  results  are 
as  follows : 

From  1840  to  1860  the  rate  of  increase  was  54.6  per  cent. 
"     1860  to  1880   "      "     "         "  "     48.2    "       *' 

which  shows  that  there  was  a  falling  off  of  6.4  per  cent  during  the 
second  period  as  compared  with  the  previous  period  of  twenty 
years. 
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Owing  to  the  disturbed  state  of  affairs  which  prevailed  daring 
the  war  period  from  18G1  to  1865,  it  is  iin[>08sible  now  to  tell  to 
what  extent  their  increase  was  retarded,  but  as  the  adults  among 
them  now  feel  the  burden  of  the  support  of  their  children  as  they 
did  not  in  the  days  of  slavery,  and  as  they  are  not  all  as  mindful 
of  the  rules  of  health  as  they  should  be,  the  probability  seems  to 
be,  as  the  figures  above  given  indicate,  that  their  future  increase 
will  not  be  any  greater  than  it  has  been  in  the  past,  but  rather 
that  it  will  not  be  as  great. 


Enhakceuemt  of  values  in  agriculture  by  increase  ofnon-agsi- 
cuLTURAL  Population.  By  J.  R.  Dodge  of  Washington, 
D.  C. 

[ABSTRACT.] 

The  paper  begins  by  showing  that  national  industry  is  prosper- 
ous in  proportion  to  its  diversity.  The  productions  of  i^riculture 
would  be  unsalable  if  all  the  people  were  agricultural  producers. 
A  civilized  nation,  with  the  smallest  proportion  of  non-agricultu- 
ral workers  in  it,  will  be  low  in  the  scale  of  prosperity :  with  the 
largest  proportion  of  non-agriculturists  consistent  with  proper 
food-supply,  the  nation  will  be  most  prosperous.  To  a  gi-eat  ex- 
tent, this  is  tnie  also  of  the  subdivisions  of  this  conntry.  It  may 
be  illustrated  by  the  statistics  of  geographical  sections  that  cm- 
brace  groups  of  states,  or  by  comparison  of  individual  states. 
The  author  is  even  prepared  to  show,  that,  in  a  partly  agricultu- 
ral community,  the  increased  employment  of  labor  in  indostrics 
that  are  non-agricultural  stimulates  improvement,  compels  higher 
culture,  and  makes  the  products  of  land,  and  the  land  itself, 
more  valuable. 

The  states  and  territories  are  grouped  for  this  comparison  in 
four  classes,  which  are  thus  designated :  first  class,  having  less 
than  30  per  cent  of  agricultural  workers ;  second,  having  over  30 
and  less  than  50  per  cent ;  third,  having  50  and  less  than  70  per 
cent ;  fourth,  having  over  70  per  cent,  t.  e.,  being  almost  exclu- 
sively agricultural  states. 
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Classes. 


First  class... 
Second  class 
Third  class.. 
Fourth  class. 


No.  of  states 
and    terri> 
tories. 

15 

13 

13 

B 

Acres. 


77«250,74S 
112,331,267 
237*873,040 
108,630,796 


Value. 


«2,985,64ia97 

8,480,916,767 

8,218,108.070 

662,430,843 


Vnlue 

per 

acre. 


$38.66 

30.56 

13.63 

6.18 


0.2 


Sill 


.5-| 


18 
42 
68 

77 


In  the  first  class  are  Massacbusetts,  Connecticut,  New  York, 
New  Jersey,  and  Pennsylvania  in  the  east,  and  some  of  the  min- 
ing states  and  territories  of  the  west,  diverse  in  many  points,  yet 
alike  in  the  factof  a  large  non-agricultural  population.  This  class 
has  only  one-sixth  of  the  population  in  agriculture.  The  fourth 
class  consists  of  North  and  South  Carolina,  Georgia,  Alabama, 
and  Mississippi.  It  has  nearly  four-fifths  engaged  in  agriculture, 
on  lands  worth  only  an  average  of  $5.18  per  acre.  The  states 
having  only  two-fifths  in  agriculture  have  farm-lands  valued  at 
$30.55  per  acre,  while  those  having  nearly  three-fifths  in  agricul- 
ture have  lands  valued  at  $13.03. 

When  individual  states  are  compared,  the  results  are  equally 
marked.  The  author  compares  pairs  of  states, —  Virginia  and 
Pennsylvania,  Kentucky  and  Ohio,  Iowa  and  Illinois, —  as  fol- 
lows : — 


Items  of  comparison. 


Per  cent  of  agricultural  workers 
Value  of  farm  lands  per  acre.... 
Income  of  workers  per  annum . . . 


• 

06 

el 

s 

>i 

•mm 

et 

M 

> 

» 

o 

^ 

V. 

S 

jE 

> 

CO 

B 

1 

O 

C 

ui 

C4 

61.41 

20.G8 

61.67 

30.97 

$10.89 

$49.30 

$13.92 

$45.97 

$180.00 

$431.00 

$199.00 

$394.00 

m 
^ 


o 
a 


67.40 

$22.02 

$148.00 


43.&'S 

$31.87 

$467.00 


Similar  computations  give  figures  for  the  State  of  New  York  not 
widely  different  from  those  of  Pennsylvania.  The  average  value 
of  farm-lands  per  acre  in  New  Jersey  is  greater  than  in  any  other 
state,  viz.,  $65.16  :  this  is  owing  to  a  position  between  two  gi-eat 
city  markets,  with  proximity  and  easy  access   to  both.     Her  per- 
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centage  of  agricultural  workers  is  only  14.92 ;  their  average  an« 
nual  wages  are  $50 1 .  It  will  be  seen  that  the  wages  of  agricaltural 
labor  are  subject  to  the  same  law.  If  computed  for  the  first  table 
in  this  paper,  the  wages  per  month  of  the  agricultural  laborer 
would  be  found,  for  the  first  class  of  states,  fully  $25 ;  for  the  sec- 
ond, nearly  $25  ;  for  the  third,  less  than  $20 ;  for  the  fourth,  about 
$13.50. 

An  application  of  the  same  test  to  the  value  of  annual  produc- 
tion for  each  man  engaged  in  agriculture  brings  equally  interest- 
ing results  in  the  following  table : — 


Classes. 


No.  engnxed  in 
agriculture. 


First  clan's . . 
Second  clasK 
Third  class.. 
Fourth  class. 


1. 060,681 
1^06.875 
8,017,971 
2.024,966 


Value 

of  products  of 

agriculture. 


$484,770,797 
616,850,900 
788,681,420 
»4,237,751 


Valne 

l>er 

capita. 


$457 
394 
Ml 
300 


c  — 
e  w  h 

sf- 


18 

4a 

u 

77 


Tbe  states  with  less  than  30  per  cent  in  farm-labor  realize  nearly 
three  times  as  much  per  man  as  those  which  have  over  70  [>er  cent 
in  farm- work.  In  other  words,  one  man  in  tlje  first  class  realizes 
as  much  as  the  three  men  who  are  competing  with  each  other,  hav- 
ing little  outlet  for  surplus  production.  Three  brothers  in  Ala- 
bama, laboring  through  the  3'ear,  get  as  much  for  their  aggregate 
produce  as  one  farmer  receives  in  Penns3ivania,  simply  because 
that  farmer  has  a  brother  engaged  in  manufacture  and  another  in 
mining.  It  is  because  in  one  case  there  is  a  market  for  one  prod- 
uct only,  thousands  of  miles  away :  in  the  other,  there  are  markets 
at  every  door. 

It  appears  evident  that  the  proportion  between  agricultural  and 
non-agricultural  population  is  a  measure  of  the  values  of  tbe  land, 
of  the  production,  and  of  the  labor  of  the  farm.  These  values  are 
rapidly  enhanced  by  the  increase  of  non-agriculturists.  This  is 
the  lesson  of  the  most  authentic  statistics  of  our  own  and  of  other 
countries. 
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Building  Associations.    By  Edoar  Frisdt  of  Washington,  D.  C. 

Building  Associations  have  a  twofold  object.  1 .  They  answer 
the  purpose  of  savings  banks  in  enabling  members  to  lay  by  cer- 
tain sums  monthly  and  receiving  interest  on  the  investment.  2. 
They  enable  persons  of  limited  means  to  borrow  monej^  at  a  fair 
rate  of  interest  by  paying  back  tlie  principal  in  small  monthl}^  in- 
stalments. It  is  proposed  in  this  paper  to  see  if  we  can  discover 
any  mathematical  principles  by  which  an  association  can  be  con- 
ducted that  will  make  it  equitable  to  both  classes. 

We  shall  assume  that  six  per  cent  is  a  fair  rate  of  interest,  and 
allow  a  member  to  buy  out  on  any  month  $200.00  or  less  from  the 
association  according  to  competition,  for  which  he  pays  $1.00  in- 
terest monthl}',  and  we  will  also  suppose  that  he  pays  $1.00  month- 
ly on  the  principal  (this  amount  however  may  be  varied)  ;  it  will 
simply  be  paying  interest  monthly',  and  when  the  amount  paid  in 
on  the  principal  (which  must  itself  bear  interest)  is  equal  to  the 
amount  borrowed,  the  stock  will  be  cancelled. 

Let  us  take  the  most  general  case. 

Let  R  =  interest  of  $1.00  for  one  month  (half  a  cent)  and 
1.005  =  R=  amount  for  one  month. 

We  will  suppose  further  that  the  member  pays  $1.00  per  month 
for  y  months,  then  buys  out  at  the  maximum  and  pays  afterwards 
$2.00  monthly  ;  the  value  of  his  payments  will  be  all  the  dollars 
he  has  paid  in  with  interest,  together  with  his  prospective  payments 
discounted,  that  is : 

1-f-R+R  +R+2(R-fR. +  R       J=200 

by  summing  these  series  we  obtain 

R^—  1  —  2  r""*"  ^+  2  =  200  (R  —  1)=  1  because  R  =  J^J ; 
this  reduced  gives 


R 


— n+y/    n 


(r"— 2)=0  or    r"=2 


This  equation  is  entirely  independent  of  y  and  herein  lies  the 
absolute  equitability  of  the  whole  system.  If  the  person  bought  out 
on  the  first  month  ^  =  1 ,  and  he  must  pay  six  per  cent  compound 
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interest  if  he  bought  at  the  maximum ;  if  y  =  n  the  person  is  an 
investor  and  receives  six  per  cent ;  if  y  has  any  other  ralne  he 
receives  six  per  cent  until  he  buys  out,  and  pa^^s  six  per  cent  after- 
wards. This  equation  also  shows  that  it  is  precisely  as  advanta- 
geous to  buy  in  one  month  as  another  (on  the  supposition  that 
money  sells  at  a  uniform  rate)  and  also  that  all  classes  are  equally 
benefited ;  and  again,  if  a  surplus  of  money  is  on  hand  and  a 
member  is  drawn  out,  he  has  the  option  of  taking  the  amount  paid 
in  with  interest  or  an  advance  at  the  maximum  rate.  In  the  first 
case  he  receives  six  per  cent  interest,  in  the  second  case  he  pa^^s 
six  per  cent  interest. 

n 

If  we  solve  the  equation  R  =z  2  we  obtain  n  =  138.9532  which 
shows  that  $200  boiTowed  can  be  paid  up  in  about  139  months. 

Example. —  A  person  bu^'s  at  the  maximum  and  settles  on  the 
101st  month ;  we  may  suppose  he  is  indebted  to  the  association 
$200  and  credited  with  a  compound  annuity  for  100  pa^^ments;  or 
we  may  suppose  he  is  indebted  to  the  association  $200  with  com- 
pound interest  and  credited  with  a  compound  annuity  for  100  pay- 
ments at  $2.00  per  month. 

In  the  first  case  we  have 

200  — (l-f-R  +  R* +  r")=200  — 3^^ 

=  $200  —  $129.3366  =  $70.6634 

In  the  second  case  we  have 

200  R    —  2  (^=?)  =  200(2  —  R    )z=  200(.S53317) 

=  $70.6634  which  is  the  amount  of  indebtedness ;  if,  however,  as 
is  usual,  he  was  only  allowed  simple  interest  on  stock,  he  would 
have  to  pay  not  six  but  6.6  per  cent  per  annum. 

If  again  the  investor  only  received  six  per  cent  simple  interest 
he  may  pay  in  not  139  months  but  somewhat  more  than  146  months, 
unless  the  association  has  wound  up  before.  If  a  person  pays 
$1.00  monthly  as  interest  and  pays  $1.50  or  $2.00  on  the  principal, 
the  case  will  be  precisely  the  same  as  far  as  the  equitability  is 

n 

concerned,  but  we  should  have  R  =  ^  or  f  and  the  association 
would  wind  up  more  quickl}^ ;  instead  of  139  months  we  should 
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have  102.4  and  81.8  months  respectively.  We  have  made  all  the 
computations  by  compound  interest  for  two  reasons.  1.  Because 
the  association  invests  the  money  monthly.  2.  Because  it  is  the 
only  philosophical  way,  other  methods  leading  to  numerous  falla- 
cies ;  it  is  however  usual  to  allow  only  simple  interest  on  stock  in 
settlement.  Many  methods  may  be  devised  to  provide  for  running 
expenses.  1.  Five  per  cent  instead  of  six  may  be  allowed  to  in- 
vestors and  in  settlement,  but  if  we  consider  the  difference  between 
the  simple  and  compound  interest  and  also  the  fact  that  money  is 
generally  advanced  considerably  below  the  maximum,  I  think  we 
have  a  sufficient  margin. 

Suppose  a  building  association  starts  with  2400  shares,  cancels 
200  every  j'ear  and  runs  twelve  years :  the  difference  between  tlie 
simple  and  compound  interest  will  be  over  $10,600  in  the  twelve 
years,  and  this  difference  comes  out  of  the  shareholders  very 
nearly  in  a  proper  ratio  for  the  money  invested.  It  is  altogether 
more  equitable  even  in  this  particular  than  the  plan  of  taxing  each 
share  proportionately,  independent  of  the  time  it  has  been  in,  or 
of  the  benefit  to  be  received. 


Life  Insurance  and  Self  Insurance,  with  illustrative  Tables. 
By  Elizur  Wright  of  Boston,  Mass. 

[AB8TRA0T.] 

The  intent  of  this  paper  is  to  show  that  whenever  the  net  nat- 
ural annual  premiums  by  any  table  of  mortality,  covering  the 
whole  life  or  a  long  term  of  years,  are  commuted  into  a  constant 
or  level  premium,  the  policy  or  contract  involves,  or  implies,  a 
banking  accumulation,  which  diminisiies,  by  so  much,  the  risk 
borne  by  the  company,  and  is  therefore  a  self  insurance,  caus- 
ing the  company  to  insure  in  any  3'^ear  only  the  difference  between 
it  and  the  face  of  the  policy.^ 

1  The  paper  was  prenented  by  its  author  in  print,  and  copies  may  be  had  of  him,  by 
appUcation  to  Box  109,  Boston,  Mass. 
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Thb  German  Carp  and  its  Introduction  into  theUnitbd  States. 
By  Chas.  W.  Smilet  of  Washington,  D.  C. 

[abstract.] 

The  German  carp  which  has  been  introduced  into  the  United 
States  is  the  Cyprinus  carpio  of  the  family  Cyprinid(Z.  There  are 
three  varieties :  the  scale,  the  most  edible ;  the  leather,  the  most 
prolific ;  and  the  mirror,  whicli  is  intermediate  between  the  others. 

Althougli  a  few  carp  were  brought  from  Holland  in  1830, 
and  put  in  a  pond  in  Newbnrgh,  New  York,  whence  some  were 
washed  into  the  Hudson  river,  and  produced  no  practical  result, 
the  introduction  proper  dates  from  May  26,  1877.  At  that  time 
345  carp  were  imported  by  the  United  States  Fish  Commission, 
under  the  direction  of  Professor  S.  F.  Baird.  The  first  distribu- 
tion from  these  was  of  6,300  fish  in  1879,  followed  by  31,443  in 
1880.  During  the  past  season  113,605  have  been  scattered  in 
nearly  every  state  of  the  Union. 

The  proper  habitat  of  the  carp  is  a  pond  of  warm  water  with 
a  mudd}^  bottom,  and  some  suitable  aquatic  plants.  It  docs  not 
prey  upon  other  fishes  or  the  higher  forms  of  life,  but  feeds  upon 
crustaceans,  seeds,  certain  leaves  of  plants,  etc.  It  may  also  be 
fed  to  advantage  upon  lettuce,  cabbage  leaves,  grain,  meal,  bread, 
crackers,  and  in  short,  most  anything  suitable  for  chickens.  Its 
regular  growth  depends  lai^el}'  upon  its  environment.  If  the  cli- 
mate is  suitable,  the  food  abundant,  and  its  enemies  scarce,  its 
growth  will  be  surprisingly  rapid,  reaching  easily  three  pounds 
in  one  year  or  six  pounds  in  two  yeai's.  If  food  is  scarce  and  the 
climate  cold,  the  growth  will  be  less  rapid,  and  from  two  to  four 
months  will  be  spent  in  hibernation  during  which  there  will  be  no 
growth.  This  fish  is  consequently  exceedingly  well  adapted  to  the 
Gulf  States.  It  may  be  reared  unquestionably  in  the  northern 
states  but  more  slowly.  It  is  hardy  enough  to  endure  an  intense 
degree  of  cold  if  the  lowering  of  temperature  be  quite  gradual. 
Carp  usually  spawn  in  cool  latitudes  when  three  years  old,  in  tem- 
perate latitudes  when  two  years  old,  and  under  the  most  favorable 
circumstances  in  southern  Texas  it  is  believed  to  have  spawned 
nt  the  age  of  one  year.  Among  the  enemies  of  the  carp  fVora 
which  it  should  be  protected  are  all  kinds  of  carnlTorous  fish, 
frogs,  snakes,  turtles,  terrapins,  kingfishers,  bitterns,  cranes,  her- 
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ons,  and  fish  hawks.  A  snake  recently  killed  was  found  to  con- 
tain twenty-five  young  carp  and  numerous  undigested  skeletons. 
A  marsh  hen  was  examined  whose  stomach  contained  thtrt3'-eight 
young  carp  while  in  a  night  heron  were  found  the  heads  of  sev- 
enty-eight young  carp.  When  about  to  spawn,  one  should  sepa- 
rate the  carp  from  all  other  animals  in  order  to  protect  their  eggs 
And  the  young  until  they  reach  such  maturity  as  to  be  able  to 
protect  themselves.  As  food,  carp  is  superior  to  all  ordinary 
native  fish  such  as  buffalo,  catfish,  suckers,  mudfisii,  qroakus, 
mill  roach,  perch,  sunfish,  etc.  Although  by  many  who  are 
cultivating  them,  it  is  declared  equal  to  bass,  trout,  and  shad,  the 
Fish  Commission  makes  no  such  claim.  The  flavor  of  the  carp 
as  of  all  other  fish  will  be  afiected  by  its  food  and  environment. 
If  the  water  is  polluted  or  the  food  offensive,  the  flesh  of  the  carp 
will  partake  thereof.  A  carp  thus  reared  should  be  removed  to 
pure  water  for  a  week  and  kept  without  food,  during  which  its  sys- 
tem will  be  purified,  and  the  flavor  of  its  flesh  immensely  improved. 
Salting  over  night  is  also  said  to  largely  destroy  the  muddy  taste 
when  present.  During,  and  for  a  time  after  spawning,  the  carp 
like  all  other  fish,  is  soft  and  unsuitable  to  eat.  Most  complaints 
against  carp  have  arisen  from  eating  it  at  this  period.  The  bones 
are  not  offensive  as  the  flesh  flakes  off  veiy  nicely  in  the  adult 
carp. 

Between  October  and  February  of  each  year,  young  carp  are 
distributed  from  Washington  to  those  who  have  previously  filed 
applications.  Car  loads  are  sent  in  the  cars  of  the  Commission 
which  are  suitably  fitted  for  carrying  all  kinds  of  fish  to  central 
points.  There  they  are  either  delivered  to  State  Fish  Commission- 
ers for  distribution,  or  are  distributed  by  express  to  interior  parts. 
The  latter  method  is  by  means  of  a  tin  pail  containing  two  quarts  of 
water  in  which  fifteen  or  twenty  carp  will  survive  from  thirty-six  to 
forty-eight  hours  and  even  longer  if  the  water  is  changed  meantime, 
always  provided  that  water  enough  remains  in  the  pail  to  cover 
the  backs  of  the  fish.  The  commissioners  of  several  states  under- 
took to  propagate  some  of  the  first  carp  distributed  by  Professor 
Baird,  and  are  now  beginning  to  distribute  the  young  which  they 
have  reared  therefrom.  Speculators  have  also  entered  the  busi- 
ness, one  of  whose  price-lists  states  that  he  can  sell  mirror  carp, 
ten  months  old,  at  seventy-five  dollars  per  hundred,  and  scale  carp, 
ten  months  old  at  seventy  dollars  per  hundred.    Larger  fish  have 
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been  sometimes  sold  at  five  dollars  a  pair.  A  gratuitous  distribu- 
tion by  the  United  States  Commission  has  alone  prevented  prices 
becoming  much  larger. 

The  cultivation  of  fish  is  destined  to  become  as  important  to 
American  farmers  and  planters  as  that  of  cattle,  ponltry  and  fruit. 
The  latter  left  to  shift  for  themselves  and  to  cope  with  nature  come 
off  second  best,  or  succumb.  If  fish  should  receive  the  same  care 
and  attention,  as  to  artificial  propagation,  and  the  improvement  of 
varieties,  the  result  would  be  equally  gratifying.  The  practice  in 
carp  culture  will  teach  some  of  the  methods,  and  perhaps  foster  a 
taste  for  the  culture  of  other  fish.  Every  rural  community  is  des- 
tined to  have  its  fish  ponds  as  abundantly  as  its  poultr^^  3*ards. 
Farmers  will  then  have  fresh  fish,  at  will,  no  matter  how  remote 
from  market.  The  carp  may  be  tamed  so  as  to  come  to  a  given 
place  for  its  food  at  call,  and  if  a  shallow  place  or  a  suitable  plat- 
form under  the  water  be  arranged,  it  can  be  induced  even  to  come 
there  and  feed  from  the  hands.  It  can  then  be  captured  easily. 
Success  in  carp  culture,  like  success  in  any  other  useful  enter- 
prise, comes  not  of  itself,  but  as  a  reward  for  careful  attention. 


Otster-farmimg  in  Connecticut.    By  Horace  C.  HovEy  of  Min- 
neapolis, Minn. 

[ABSTaACT.] 

For  many  3'ears  oyster-dealers  obtained  their  supplies  from  what 
are  termed  ^'  natural  beds. "  These  are  found  of  various  dimen- 
sions, and  usually  exist  in  the  brackish  water  at  the  mouths  of 
rivers,  such  as  the  Quinnipiac  and  Housatonic,  in  Connecticut,  and 
the  Delaware,  Susquehanna,  and  other  streams  emptying  into  the 
Atlantic  Ocean.  The  early  settlers  of  New  England  resorted  to 
the  natural  beds  without  restriction,  and  regarded  them  as  inex- 
haustible. Their  i  mplements  were  of  the  most  primitive  sort,  such 
as  shovels,  rakes  and  the  familiar  oyster-tongs.  Dredging  by 
hand  and  by  steam  has  been  more  recently  introduced.  The  first 
law  for  the  protection  of  oysters  was  enacted  in  Connecticut,  in 
1 784,  and  remained  substantially  unchanged  for  the  next  seventy 
years.    The  necessity  of  a  close  season  during  spawning-time  was 
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recognized  ;  but  each  town  was  left  to  make  and  enforce  its  own 
rules.     When  "  the  law  was  off, "  which  was  usually  about  the  first 
of  November,  so  vigorous  was  the  assault  upon  the  beds,  that  the 
more  accessible  of  them  were  often  scraped  clean  in  a  single  day. 
It  finally  became  evident  to  observing  men  that  this  process  was 
ruining  the  natural  beds.     For  various  reasons  the  oysters  deterio- 
rated both  in  size  and  quality.     This  led  to  the  importation  of 
oysters  from  southern  waters,  which  were  found  to  fatten  in  the 
waters  of  Long  Island  Sound,  although  not  propagating  there. 
Capt.  Eliphaz  Gillette,  sixty  years  ago,  brought  the  first  cargo  of 
Virginia  03'sters  to  Fair  Haven,  Conn. ;  thus  originating  a  trade 
that  grew  until,  in  1858,  there  were  250  schooners  engaged  in  it, 
with   an  average   carrying  capacity  of  8,000  bushels  each,  and, 
according  to  De  Broca,  they  handled  annually  2,000,000  bushels 
of  oysters.     About  that  time  (in  1856),  Mr.  D.  D.  Mallory  opened 
his  wholesale  house  in  Detroit,  and  that  was  the  beginning  of  the 
interior  trade  in  shellfish  in  the  United  States.     He  subsequentl}^ 
fixed  his  headquarters  in  Baltimore,  and,  together  with  other  men 
from  Fair  Haven  and  native  Baltimoreans,  worked  up  the  national 
oyster  trade.     The  immediate  tendency  of  this,  combined  with 
other  causes,  was  a  steady  decline  in  the  business,  so  far  as  Con« 
necticut  was  concerned.    There  was  also  a  marked  decline  in  the 
productiveness  of  the  great  natural  beds  of  the  Delaware  and  Ches- 
apeake Bays.     This  made  it  desirable  to  introduce  systematic 
oyster-culture  to  meet  the  constantly  increasing  demands  of  the 
market. 

In  this  connection  mention  should  be  made  of  the  brilliant  ex- 
periments conducted  by  Prof.  W.  K.  Brooks,  Lieut.  Francis  Wins- 
low,  U.  S.  N.,  and  others,  who  have  tried,  with  some  success  to 
facilitate  and  regulate  the  propagation  of  the  oyster,  so  as  to  enable 
the  old  and  exhausted  natural  beds  to  be  restocked. 

My  purpose,  however,  is  to  describe  the  more  practical,  and 
peifeetly  successful  plan  of  oyster-farming ;  by  which  is  meant 
the  cultivation,  on  a  large  scale,  of  ground  outside  the  natural 
beds.  Let  me  first  refer  again  to  the  preliminary  experiments  at 
transplanting  southern  oysters  to  northern  waters.  Within  the 
last  five  years  nearly  seven-eighths  of  the  oysters  commercially  hand- 
led at  Fair  Haven  were  what  are  known  as  Virginia  plants.  The 
process  of  transplanting  was  attended  with  risks  and  expense,  but 
the  profitable  result  was  that  oysters  which  were  tough  and  taste* 
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less  while  growing  in  still  waters,  became  improTed  both  in  size 
and  flavor  by  lying  for  a  few  months  in  running  waters  or  on 
springy  bottoms,  like  those  at  the  mouths  of  the  streams  emptying 
into  Long  Island  Sound.  Then  again,  while  the  native  beds,  which 
are  public  propert}*,  are  preyed  upon  by  swarms  of  enemies,  sncb 
as  the  skate,  winkle,  drill  and  star-fish,  these  pests  may,  to  some 
extent  at  least,  be  removed  from  lots  under  the  control  of  individuals. 
Hence  originated  a  series  of  acts  passed  in  successive  years  by  the 
legislature  of  Connecticut,  unlike  those  of  any  other  state,  except 
as  they  have  been  recently  imitated,  and  that  appear  to  be  frag- 
mentary and  disjointed,  until  one  understands  the  emergencies 
they  were  intended  to  meet.  The  popular  feeling  was  that  what- 
ever grew  in  the  sea  was  common  property.  Planted  beds  were 
treated  as  if  they  were  natural  and  open  to  all.  No  title  could  be 
held  to  submarine  property.  So  far  as  can  be  learned,  the  first 
artificial  bed  of  natives  was  cultivated  by  Mr.  Willard  Malloiy, 
about  fifty  years  ago,  on  the  West  Haven  flats.  Having  raised 
several  hundred  bushels,  his  unscrupulous  neighbors  gathered  in 
the  harvest  by  night  for  themselves.  This  was  regarded  merely 
as  a  rough  Joke,  for  which  there  was  no  legal  redress.  The  first 
step  toward  a  better  state  of  things  was  the  legal  recognition  of 
riparian  rights,  by  which  land-owners  along  the  shore  were  pro- 
tected in  planting  as  far  as  low-water  mark ;  or  in  estuaries,  as  far 
as  the  channel  of  the  stream.  In  1855  a  law  was  passed  allowing 
towns  to  designate  to  each  applicant  two  acres  for  planting  oys- 
ters. In  1875  growers  were  allowed  to  buy  more  than  two  acres, 
provided  they  did  not  infringe  on  natural  beds.  This  made  oys- 
ter-farming possible. 

It  may  be  stated  here  that  Connecticut  is  probably  the  only 
state  that  grants  permanent  deeds  of  this  description.  The  system 
in  Massachusetts  is  to  license  oystermen  for  a  limited  term  ;  and 
the  regulation  of  the  business  is  mainly  left  in  the  hands  of  the 
selectmen  of  the  several  towns.  In  Rhode  Island,  oyster  grounds 
may  be  rented  at  the  rate  of  $10.00  per  acre  for  a  limited  term. 
New  York,  Virginia  and  Maryland,  while  enjoying  vast  and  lucra- 
tive oyster  grounds,  grant  no  permanent  deeds,  but  restrict  grow- 
ers to  small  tracts  for  immediate  use,  and  not  exceeding  five  acres 
to  one  citizen.  Delaware,  since  1881 ,  leases  ground  in  deep  water, 
on  terms  favorable  to  oyster-farming. 

In  1878  a  special  commission  was  appointed  by  the  states  of 
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New  York  and  Connecticut  to  fix  the  boundary  line  running  through 
the  Sound.  This  division,  ratified  by  the  U.  S.  Congress,  and  geo- 
graphically fair,  left  to  Connecticut  a  marine  territory  of  565  square 
miles,  including  nearly  all  the  best  oyster-ground  in  the  Sound. 
The  average  deptli  over  the  whole  area,  not  including  bays  and 
estuaries,  does  not  exceed  seventy-two  feet.  The  portion  west  of 
Norwalk  averages  about  sixty  feet ;  east  of  Norwalk  to  the  Con- 
necticut river  is  a  strip  sixty  miles  long  by  four  miles  wide,  that 
averages  a  depth  of  but  forty-two  feet.  To  the  south  of  Stratford 
is  a  plateau  including  sixteen  square  miles,  only  twenty  to  twentj-- 
five  feet  deep,  and  entirely  free  from  mud  and  slime. 

In  1879,  an  oyster-commission  was  appointed  to  inquire  into  all 
the  bearings  of  the  oyster  question,  and  devise  a  uniform  system 
of  laws.  It  was  found  that  the  available  flats  and  shallows  belong- 
ing to  the  several  towns  had  been  taken  up,  while  a  few  bolder 
spirits  had  ventured  to  stake  out  lots  in  the  deeper  waters.  Con- 
flicting grants  had,  in  some  cases  been  given,  and  there  was  serious 
danger  of  matters  becoming  entangled  in  inextricable  confusion. 
Hence,  in  April  1881,  the  state  conferred  on  her  Fish  Commissioners 
the  power  to  act  also  as  Shellfish  Commissioners,  and  to  adopt  a 
plan  for  utilizing  and  distributing  the  state  oyster-grounds.  They 
ran  an  inshore  line  from  point  to  point,  within  which  the  grounds 
should  remain  under  town  control.  The  most  accurate  survey  pos- 
sible was  next  made  of  the  territory  l3'ing  between  the  inshore 
line  and  the  state  line,  involving  118  triangulations,  the  triangula- 
tion  sides  varying  from  one  to  seventeen  miles  in  length.  This 
work  is  so  exact  that  the  Commission  are  able  to  define  prompti}' 
the  limits  of  any  oyster-ground  within  the  state  jurisdiction.  Mr. 
Bogart,  the  surveyor,  informs  me  that  the  entire  area  includes 
325,000  acres,  of  which  about  15,000  acres  are  rocks  and  reefs, 
while  a  large  portion,  perhaps  two-thirds,  of  the  remainder  is 
fit  for  oyster-cultivation  with  modern  appliances.  The  entire 
acreage  thus  far  apportioned  is  100,000  acres. 

In  order  to  appreciate  this  rapid  stride,  one  has  only  to  reflect 
that,  according  to  the  Census  of  1880,  the  total  acreage  of  Con- 
necticut oyster-grounds  included  but  6,934  acres.  And  now,  three 
years  later  there  are  several  individual  oyster-farms  each  exceed- 
ing that  large  area !  The  largest  of  all  belongs  to  Mr.  Henry  C. 
Bowe,  who  holds  deeds  for  more  than  18,000  acres.  The  whole 
nomher  of  oyster-farms  staked  oat  during  the  last  three  years  is 
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376,  var3Mng  in  size  from  two  acres  to  the  large  tracts  alread3'' 
mentioned. 

The  natural  beds  have  also  been  surveyed.  Their  area  does  not 
exceed  5,000  acres  in  all.  They  are  free  to  all  citizens  of  the  state, 
and  are  now  chiefly  resorted  to  for  what  are  termed  ^'  seed-oys- 
ters,'' i.  6.,  those  not  more  than  two  years  old,  which  age  is  regarded 
as  the  best  for  transplanting.  All  other  ground  is  for  sale  at 
the  nominal  price  of  one  dollar  an  acre,  with  ten  cents  added  to 
cover  expense  of  designation.  If  not  cultivated  within  the  next 
five  years,  it  is  forfeited.  If  found,  on  trial,  unsuitable  for  culti- 
vation, the  money  is  refunded.  Farms  are  taxed,  but  the  oysters 
produced  are  exempt. 

The  oyster-farmer  having  secured  his  ground  next  cuts  it  up 
into  smaller  lots  in  order  to  till  it  s^'stematically.    This  is  done, 
of  course,  by  buoys  in  deep  water,  and  by  stakes  in  shallow.    Next 
he  carefully  examines  the  nature  of  the  bottom.    Much  of  the  bot- 
tom of  the  Sound  is  smooth,  hard  sand.     Here  and  there  is  a 
patch  of  gravel,  cluster  of  rocks,  or  a  bit  of  muddy  ground.     It  is 
to  be  noticed,  however,  that  there  are  no  oysters,  and  his  problem 
is  to  make  them  grow.     Oysters  cast  their  spawn  at  various  times 
between  March  and  November,  but  mostly  in  July  and  August. 
Each  female  contains  from  ten  to  sixty  million  eggs.    Few  of  them, 
proportionally,  mature.     The  young  oysters  are  for  a  few  da3'8 
free  floaters,  and  then  they  are  ready  to  be  attached  to  any  clean 
substance  that  may  oflfer.     The  plan  has  been  tried  in  the  vicinity 
of  Groton,  in  the  Pequonnock  river,  of  thrusting  down  small  trees, 
white  birch  being  preferred,  letting  them  lean  at  an  angle  of  forty- 
five  degrees,  sloping  with  the  current.    The  3'oung  oysters  set  on 
these  very  readily.    They  are  harvested  when  mature  by  the  sim- 
ple process  of  pulling  up  the  bushes  and  stripping  off  their  singular 
fruit.    As  many  as  1,000  bushels  of  superior  oysters  have  been 
gathered  from  an  acre  in  a  single  season !     There  are  objections, 
however,  to  bush  cultivation.    Oysters  will  set  on  almost  any  ob- 
ject that  they  come  in  contact  with.     Clean  gravel  is  preferable  to 
anything  else,  where  it  can  be  had.    Old,  dry  shells  are  generally 
used  for  the  purpose ;  and  the  fact  is  significant  that,  whereas  they 
were  to  be  had  gratis  for  road-making,  five  years  ago,  they  now 
command  from  four  to  eight  cents  a  bushel.    That  is  as  much  as 
veteran  dealers  used  to  pay  for  live  oysters  by  the  cargo !     Shell- 
ing begins  in  June  and  continues  into  August.    In  shoal  water 
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spawning  is  earlier  than  in  deep,  owing  to  difference  in  tempera- 
ture. Planters  average  about  300  bushels  of  shells  to  an  acre,  and 
scatter  among  them  spawners  in  the  proportion  of  100  bushels  of 
spawners  to  1 ,000  of  shells.  Some  idea  may  be  had  of  the  mag- 
nitude of  the  business  from  the  fact  that  Mr.  H.  C.  Rowe  has 
planted  this  season  more  than  300,000  bushels  of  shells,  at  a  cost 
of  $25,000 !  Crops  correspond  to  the  planting.  The  Commis- 
sioners say,  *'*'  One  cultivator  alone  looks  for  no  less  than  one 
million  bushels  of  marketable  natives  from  his  own  ground  this 
year  V*  Yet  there  are  possible  reverses.  One  firm  lost  last  year 
f^om  a  single  bed  $20,000  worth  of  oysters  by  the  ravages  of 
starfish.  Owing  to  the  same  cause,  as  I  am  informed  by  Mr. 
Bogart,  nearly  all  the  natural  beds  have  proved  a  failure  this  year, 
so  far  as  large  specimens  are  concerned. 

All  the  large  farms  are  now  cultivated  by  means  of  steam.  This 
advance  on  the  old  methods  was  led  b}'  Capt.  Decker,  of  Norwalk, 
who  put  a  donkey-engine  into  his  sloop,  the  Early  Bird,  for  the 
purpose  of  turning  the  drums  on  which  the  dredge-lines  were 
hauled.  That  was  in  1867.  The  boat  is  still  in  service,  rigged 
as  a  steamer,  hauling  two  dredges,  and  having  a  capacity  of  200 
bushels.  Mr.  W.  F.  Lockwood  constructed  the  first  steamer 
built  expressly  for  the  oyster  business.  Mr.  Joshua  Leviness,  of 
City  Island,  endeavored  to  introduce  the  same  improvement  into 
the  New  York  waters,  but  a  law  was  passed  forbidding  steam- 
dredging  in  that  state.  Efforts  to  secure  similar  prohibitory 
action  in  Connecticut  were  unsuccessful.  There  are  now  thirty  or 
more  steam-dredgers  at  work  there,  with  a  carrying  capacity  of 
from  200  to  2,000  bushels  each.  The  largest  catch  made  in  one 
day  was  by  the  steamer  Smith  Brothers,  namely,  1522  bushels  in 
six  hours  in  water  forty  feet  deep. 

The  traffic  in  seed-oysters  (two-years  old)  has  lately  become 
very  lucrative.  They  go  to  New  York,  Bhode  Island  and  else- 
where outside  the  state,  and  command  fh)m  fifty  cents  to  a  dollar 
a  bushel.  A  single  firm  sold  this  year  about  100,000  bushels. 
They  are  used  for  planting.  The  third  year  of  an  oyster's  life 
witnesses  its  most  rapid  growth.  I  have  known  instances  in  which 
seed-oysters  have  increased  in  six  months  from  a  length  of  two 
inches  to  a  length  of  five  inches  I  Hence  buyers,  as  well  as  sellers 
find  it  a  profitable  business. 

Comparatively  small  oysters  are  preferred  for  the  foreign  market ; 

A.  A.  A.  8.,  VOL.  XXXn.  80 


466  SECTION  I. 

while  the  demand  for  large  ones  is  constantly  increasing  in  this 
country.  Four  grades  only  are  recognized  by  the  oyster  growers: 
viz.,  *'  euUeutines  "  which  are  from  two  to  three  years  old ;  "  calls," 
three  years  old  ;  '*  boxes,"  from  four  to  six  years  old  ;  *'  extras," 
from  five  to  seven  years  old.  Those  over  seven  years  of  age  are 
generally  tough  and  undesirable.  The  oldest  specimen  I  have 
seen  was  estimated  to  be  twenty-five  years  of  age.  Culls  and 
cullcntines  are  shucked  and  canned.  Boxes  and  extras  are  shipped 
in  the  shell  in  barrels  tightly  packed.  The  export  trade  is  in  its 
infancy ;  yet  there  were  500,000  bushels  of  oysters  in  the  shell 
shipped  from  Connecticut  to  Europe  last  year. 

Note  : —  In  connection  with  the  above  paper,  Mr.  Hovey  ex- 
hibited specimens  of  living  oysters  varying  from  one  day  up  to 
twenty-five  years  of  age.  He  also,  by  the  courtesy  of  the  Shell- 
fish Commission,  exhibited  their  ofi^cial  chart  of  the  oyster-grounds 
of  Long  Island  Sound. 


Improved  Method  of  Spbatinq  Trees  fob  protectiok  against 
Insects.    By  C.  V.  Rilet  of  Washington,  D.  C. 

[ABSTRACT.] 

The  paper  gave  a  summary  of  results  obtained  from  experiments 
made  during  the  past  two  years  at  the  U.  S.  department  of  agricul- 
ture. An  ordinary  barrel  is  used  as  a  reservoir,  in  which  is  inserted 
a  force-pump  with  automatic  stirrer.  A  long  rubber  hose  extends 
from  the  pump,  and  is  attached  to  the  spraying  apparatus.  The 
nozzle  has  been  called  the  cyclone  or  edd}^  nozzle ;  its  action  carries 
out  new  principles  of  spraying.  It  is  a  shallow,  circular,  metal 
chamber,  with  two  flat  sides,  in  the  centre  of  one  of  which  is  a  small 
circular  outlet.  The  fluid  is  forced  into  this  chamber  tangentially, 
producing  rapid  rotation,  and  a  spray  which  is  easily  regulated 
from  a  mist  scarcely  visible  to  a  strong  shower  according  to  the 
size  and  form  of  the  outlet.  This  nozzle  is  adjusted  to  the  end 
of  a  bamboo  rod  (of  varying  lengthy  according  to  requirement), 
through  which  the  rubber  hose  has  been  passed  ;  or  several  nozzles 
may  be  attached,  in  different  positions,  to  the  side  of  a  stifiT  metal 
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tube,  sofflciently  slender  to  be  handled  by  the  operator,  and  thrust 
among  the  branches  of  the  tree.  The  metal  tube  is  made  in  sec- 
tions that  screw  on  to  each  other.  By  these  means,  trees  from 
twenty  to  thirty  feet  high  can  be  rapidly  sprayed  without  the  use 
of  a  ladder.  The  substances  used  are  either  London  purple, 
one-half  pound,  and  flour,  one  pound,  in  from  forty  to  fifty  gallons 
of  water;  or  Paris  green,  one  pound,  to  the  same  amount  of 
flour  and  water ;  or  petroleum  emulsions  made  as  the  writer  indi- 
cated at  the  last  meeting  of  the  association. 


Cable-cars  for  Crrr  Passenger  Traffic.    By  £.  T.  Cox  of  New 
Harmon}^,  Ind. 

[ABSTRACT.] 

This  paper  described  the  success  of  the  cable  system  as  a  substi« 
tute  for  horse-cars  ;  and  urges  its  general  adoption,  on  the  ground 
of  its  convenience  and  comfort  to  humanity,  and  the  diminution  of 
suffering  to  the  horse.  Numerous  statistics  were  given  relating  to 
the  number  of  horses  now  employed. 


A  new  System  for  the  Treatment  and  removal  of  Sewer  Gas, 

THE   VENTILATION   OF  BUILDINGS,   AND  UTILIZATION    OF    HeAT. 

By  T.  £.  Jefferson  of  Hudson,  Wip 

[ABSTRACT.] 

This  system  chiefly  consists  in  making  sewers  approximately 
air  tight,  by  sealing  the  sewer  inlets,  so  as  to  admit  sewage  but 
exclude  the  air,  and  by  making  suitable  pipe  connection  between 
sewers  and  buildings  and  different  heating  apparatus,  arranged  to 
permit  the  inflow  of  atmosphere,  and  the  products  of  combustion 
into  the  sewer,  and  at  the  same  time  prevent  the  backflow  of  gas, 
when  by  the  connection  of  a  powerful  suction  fipparatus  with  the 
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sewer  near  its  outlet,  the  removal  of  sewer  gas,  and  smoke  from 
famaces  and  fires  and  the  thorough  ventilation  of  buildings,  is 
positively  effected  and  regolated  as  desired.  By  employing  me- 
chanical force  for  creating  drafl  for  fires,  the  large  per  cent  of  beat 
heretofore  required  for  this  purpose  is  retained,  effecting  a  corres- 
ponding saving  in  the  consumption  of  fuel.  The  main  portion  of 
these  important  discoveries,  including  the  removal  of  sewer  gas 
and  the  positive  means  for  ventilating  buildings  and  cities,  and 
carrying  the  vitiated  atmosphere  and  poisonous  vapors  away  from 
contact  with  the  people,  were  recently  made  by  Hon.  John  Com* 
stock  of  Hudson,  Wis.,  and  first  introduced  in  one  of  the  districts 
of  Paris,  France,  the  present  year,  where  its  great  utilily  and 
success  are  fblly  demonstrated  and  established. 


*«  Emavth  Food.''    By  Stefhsh  S.  Haioht  of  West  Farms,  New 
York,  N.  Y. 


EXECUTIVE  PROCEEDINGS. 


BEPORT  OF  GENERAL  SECRETARY. 


Tux  THIBTT-SBCOND  ANNUAL   MeBTINO   OV    THE  AMERICAN  ASSOCIATIOll 

FOR  THE  Advancement  of  Science. 

In  accordance  with  the  action  taken  at  the  Montreal  meeting  in  1882, 
the  American  Association  for  the  Advancement  op  Science  met  in 
Grneral  Session  in  the  Chapel  of  the  State  University  of  Minnesota,  in 
East  Minneapolis,  at  10  a.  m.,  Angnst  15,  1883;  the  retiring  President, 
Dr.  J.  W.  Dawson,  of  Montreal,  in  the  chair. 

On  calling  the  meeting  to  order,  Dr.  Dawson  completed  his  of)9cial 
doty  as  President  by  calling  to  the  chair  the  President-elect,  Prof. 
Charlks  A.  YouNO  of  Princeton,  N.  J. 

On  taking  the  chair.  Prof.  Young  said : 

Ladies  and  Gentlemen  of  the  Association :— ^  I  should  certainly  be  sadly 
wanting  in  all  proper  appreciation  of  the  circumstances,  if,  in  receiving 
this  chair  from  my  distinguished  predecessor,  I  did  not  express  my  sin- 
cere and  hearty  thanks  for  the  high  favor  you  have  conferred  in  electing 
me  to  its  occupancy. 

In  taking  it,  I  can  only  promise  what  is  in  my  power — not  high  skill 
in  the  conduct  of  business,  nor  any  thorough  knowledge  of  parliamentary 
form  and  practice,  but  only  an  honest  and  patient  fidelity  to  your  interests, 
and  strict  impartiality.  I  must  rely  to  a  great  extent  upon  the  assistance 
of  our  permanent  officers,  and  upon  your  own  kind  indulgence. 

We  are  met  here  for  an  important  purpose  —  to  do  what  we  can,  in  the 
short  interval  allotted  us,  for  the  **  Advancement  of  Science."  To  this 
everything  else  should  be  kept  subsidiary.  Not  only  in  the  meetings  of 
our  sections,  the  reading  of  our  papers,  and  our  discussions,  but  in  all  oar 
more  agreeable  occupations  here,  let  ns  keep  an  eye  single  to  this  aim, 
and  strive  so  to  carry  ourselves  and  so  to  use  our  opportunities,  that  we, 
and  all  our  friends  here,  shall  be  stimulated  and  encouraged  in  the  honest 
pursuit  of  truth. 

Prayer  was  then  offered  by  Bishop  Cyrus  D.  Fobs  of  Minneapolis. 

The  Hon.  Grorob  A.  Pillsbury,  chairman  of  the  Local  Committee, 
then  introduced  the  Hon.  Lucius  F.  Hubbard,  Oovemor  of  the  state  of 
Minnesota,  who  delivered  the  following  address  of  welcome  on  behalf  of 
the  state. 

Mr.  President,  Ladies  and  Gentlemen  of  the  American  Association  fbr 
the  Advancement  of  Science :—  I  trust  that  you  have  already  realized  the 
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fact  that  yoa  are  cordially  welcome  in  oar  midst.  We  assume  that  one  of 
the  first  Impressions  that  a  stranger  forms  here  is  that  he  has  come  among 
a  people  that  are  glad  to  greet  him,  and  expect  him  to  make  himself 
thoroughly  at  home.  Sach  is  our  hope  in  your  case,  and  we  shall  regard 
it  with  disappointment  if  it  shall  be  necessary  to  make  a  formal  tender  of 
our  hospitality  in  order  to  make  you  feel  that  it  is  freely  yours.  We 
welcome  you  to  our  state,  and  we  feel  honored  by  your  presence.  We 
recognize  in  your  association  a  body  of  ladies  and  gentlemen  who  are  dc- 
YOtlng  their  talents  and  energies  to  the  advancement  of  the  greatest 
material  interests  of  onr  race,  and  whose  efforts  should  command  the  cordial 
recognition  and  reward  which  they  deserve.  The  achievements  of  science 
in  this  generation  are  an  epoch  in  the  history  of  the  world.  These 
achievements  have  wrought  essential  changes  in  the  material  condition  of 
man.  We  hardly  approach  to  a  realization  of  the  latest  scientific  wonder 
before  we  become  almost  transfixed  by  some  new  surprise.  Scientific 
investigation  has  proven  a  most  inviting  field  for  the  labor,  and  commands 
the  service  of  the  brightest  intellect  and  genius  of  our  time.  At  the  same 
time  it  has  returned  a  rich  harvest  to  the  laborer  and  has  dispensed  untold 
and  unmeasured  benefits  to  mankind.  We  expect  to  derive  much  advan- 
tage from  your  presence  at  this  meeting.  The  great  northwest  offers,  no 
doubt,  a  grand  field  for  scientific  inquiry,  and  will  fUrnish  ample  material 
to  illustrate  your  investigations.  We  shall  seek  to  profit  by  your  deUb* 
erations  here  in  common  witli  the  country  at  large,  w^hich  will  regard 
your  proceedings  with  an  interest  commensurate  with  their  importance. 

The  Hon.  A.  A.  Amrs,  Mayor  of  Minneapolis,  was  then  in  trod  need  and 
in  the  following  words  welcomed  the  association  on  behalf  of  the  city : 

Ladies  and  Gentlemen  of  the  American  Association  for  the  Advance- 
ment of  Science :— You  have  honored  the  city  of  Minneapolis  by  selecting 
it  as  the  place  for  this  your  thirty-second  meeting.  Our  citizens  are  not 
unmindful  of  the  honor  conferred.  On  behalf  of  our  people,  I  bid  you  wel- 
come, and  I  take  pleasure  in  extending  to  each  of  you  the  ft^edom  and  hos- 
pitality of  our  city.  You  will  find  them  as  broad  as  our  streets  and  as 
cordial  and  courteous  as  men  with  western  ideas  can  make  them.  You 
must  not  suppose,  gentlemen,  in  looking  over  our  city  casually,  that  we 
are  devoid  of  science  — that  we  are  wholly  given  up  to  a  chase  after  trade 
dollars.  Here,  in  the  West,  we  combine  business  with  pleasure.  Many 
of  us  took  Horace  Greeley's  advice,  and  here  we  are  grown  up  with  the 
country.  Our  science  consists  of  means  devised  for  tilling  the  vast  and 
fertile  prairies  which  surround  us,  levelling  the  gigantic  pines  of  the  north, 
and  building  mammoth  mills,  workshops  and  blocks,  and  constructing 
beautlfbl  homes.  You  find  no  ancient  castles  or  fortresses  here :  everv- 
thing  wears  a  modern  air.  We,  as  a  city,  have  sprung  into  existence  as 
if  by  magic  and  we  stand  before  the  world  one  of  the  wonders  of  the 
nineteenth  century.  Within  my  own  observation  Minneapolis  has  grown 
IVom  a  wild  waste  inhabited  by  Indians  and  wolves,  to  be  a  city  of  100,000 
people.    This  comes  of  western  energy  and  western  thrift.    Hexe  yoo 
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hnve  a  problem  not  solved  by  any  known  scientific  formula.  It  is  a  case 
which,  like  the  great  trees  of  California  and  the  wonders  of  the  Yellow- 
stone region,  still  remains  to  invite  the  theories  of  scientists. 

Again  I  welcome  you  to  our  city  and  homes.  You  will  find  the  latch 
strings  hanging  out,  and  plenty  of  hospitality  and  cheer  within.  If,  among 
your  other  scientific  researches,  you  will  solve  and  make  plain  to  us  the 
science  of  local  government,  you  will  confer  a  lasting  favor,  and  for  your 
labor  you  shall  not  go  unrewarded.  Between  your  hours  of  research 
we  Invite  you  to  see  how  we  have  harnessed  up  old  St.  Anthony's  Falls 
and  utilized  the  great  water  power  of  the  Mississippi  river;  to  go  through 
our  mills,  manufactories  and  workshops  and  see  the  results  of  skilled 
labor  and  Improved  machinery ;  to  visit  our  beautiful  lakes  and  pleasant 
resorts  and  view  the  most  gorgeous  scenery  ever  spread  before  mortal 
eyes ;  to  see  Minneapolis  and  her  people  as  they  exist  in  their  primitive 
sercueuess.    Gentlemen,  I  bid  you  make  yourselves  at  home  among  us. 

In  behalf  of  the  Local  Committee,  Col.  Wm.  "W.  Folwell,  Presi- 
dent of  the  State  University,  made  the  following  address : 

Mr.  President  and  Gentlemen  of  the  American  Association  for  the  Ad- 
vancement of  Science  :—His  Honor  the  Mayor,  and  His  Excellency  the 
Governor  of  the  state,  have  bidden  you  welcome  to  our  city  and  common- 
wealth in  due  form,  with  fitting  words.  You  are  accordingly  welcomed. 
Yet,  I  am  commissioned  to  offer  you  still  farther  welcome.  This  surprises, 
perhaps  amuses  you.  It  did,  I  confess  puzzle  me  at  first  not  a  little,  to 
guess  what  my  townsmen  Intended  when  they  charged  me  with  this  duty. 
A  little  reflection  resolved  my  doubts  and  convinced  me  that  ray  colleagues 
of  the  local  committee,  acting  for  our  good  people  of  Minneapolis,  knew 
what  they  were  about.  The  chief  magistrates  of  the  city  and  state  would 
give  you  as  in  duty  bound,  their  formal  official  salutation,  which  you,  be- 
ing all  Plckwickians,  might  Interpret  In  the  Pickwickian  sense :  as  the 
prudent  traveller  interprets  that  oriental  courtesy  which  lays  at  his  feet 
the  house,  equipage  and  whole  wealth  of  his  host.  Our  people  wLshed 
more  than  this ;  they  meant  more  than  to  open  to  you  the  doors  of  the 
capitol,  the  city  hall,  the  police  court,  the  waterworks  and  other  public  in- 
stitutions. So  they  send  one  of  their  number  in  no  official  capacity  or  re- 
lation at  all,  simply  as  one  of  themselves,  to  clap  atop  of  the  most  polite 
yet  official  greetings  of  the  Mayor  and  His  Excellency,  a  hearty,  Informal, 
old  fashioned  **  how  d'ye  do,"  and  beg  you  to  **  make  yourselves  at  home 
with  us.^  Accept  then,  I  beg  you,  the  greeting  and  welcome  of  the  people 
of  Minneapolis. 

I  think  It  is  further  expected  of  me  that  I  attempt  some  explanation,  I 
need  not  say  apology,  of  the  condition  of  things  you  must  already  have 
observed  In  our  city.  Look  where  you  will,  you  see  the  streets  blocked 
by  piles  of  building  material  and  the  throng  of  loaded  wagons.  Here  are 
sewers  iu  construction,  there  pavements.  Hotels,  stores,  manufactories, 
dwellings,  are  rising  in  all  quarters.  Vast  railway  Improvements  are 
in  progress  to  meet  the  demands  of  a  commerce  already  colossal.    Yoa 
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ivondcr,  I  am  sure,  that  there  shoald  be  any  city  at  all,  where  so  lately 
the  terrible  Dakotas  were  masters  of  the  soiL  We  Minneapolitans  live 
in  a  chronic  state  of  amazement,  as  wealth  and  population  flow  in  upon 
us,  as  suburb  after  suburb  springs  up,  and  vast  structures  lift  themselves 
in  our  central  precincts.  As  for  population,  most  of  us  have  lost  the 
count,  but  no  one,  I  thlnlc,  would  place  our  number  at  the  next  census  in 
1885  below  one  hundred  thousand  souls. 

For  this  magnldccnt  natural  development  the  causes  are  not  far  to  seek. 
On  the  part  of  nature  they  are  threefold :  first,  a  vast  area  of  arable  land 
of  great  natural  fertility,  unincumbered  by  forests,  ready  for  the  plough, 
lying  behind  us  in  our  own  state,  in  Dakota  and  the  territories  beyond; 
second,  the  great  pine  forests,  covering  the  broad  plateau  between  us  and 
the  Canadian  line,  whence  flow  the  Mississippi  and  his  upper  tributaries; 
third,  the  Falb  of  St.  Anthony  furnishing,  it  is  estimated,  the  largest 
available  water  power  of  the  world.  All  these,  however,  would  avail  little 
but  for  the  intelligence,  foresight,  enterprise,  faith  and  trust  of  men.  It 
is  these  human  qualities  which  have  brought  hither  the  capital  of  older 
states  and  nations  to  spread  over  the  wheat  lauds  of  the  great  northwest 
a  vast  network  of  railways  In  advance  of  population.  The  faith  which 
opened  these  vast  lines  of  travel  has  not  been  vain.  Year  by  year  an  in- 
creasing, ever-augmenting  tide  of  immigration,  chiefly  of  North  European 
peoples,  sober,  austera,  virtuous  and  deeply  religious,  has  been  flowing 
past  our  doors  to  settle  on  the  prairies  —  God's  reservation  for  the  free 
and  the  poor.  Such  a  movement  of  population  has  not  been  seen  since 
the  days  of  Tlieodoric.  Towns  and  villages  by  hundreds  spring  up  as  if 
by  magic,  and,  yearly,  millions  of  acres  of  virgin  soil  spread  their  golden 
harvests  to  the  unaccustomed  heavens. 

The  same  apparatus  which  distributes  immigration  follows  it  up  with 
those  supplies  which  civilized  man  cannot  forego,  and  returns  to  tke 
markets  of  the  world  the  products  of  the  territory  occupied.  To  inter- 
cept at  this  point  the  flow  of  cereids  from  the  wheat  lands,  to  assemble 
here  the  multitudinous  drives  of  pine  logs  banked  each  winter  in  the  Mis- 
sissippi pineries  and  by  means  of  the  power  of  these  falls  to  convert 
them  into  food  and  building  materials,  no  philosopher,  economist  or  leg- 
islator was  needed  to  suggest.  The  voluntary  principle  was  all-sufllcient, 
and  already  for  years  the  rumble  of  the  flour  mill,  the  buzz  of  the  circular 
saw  and  the  keen  whirr  of  the  planer  have  drowned  the  thunder  of  the 
Father  of  Waters. 

Under  these  circumstances,  Mr.  President,  yon  will  not,  I  amssre,  look 
for  the  finish  and  elegance  of  the  older  and  forwarder  cities.  It  would  be 
impossible  for  us,  after  the  fashion  of  the  spry  housewife,  to  spring  about 
and  suddenly  '^tldy  up  things*'  for  your  visit.  The  bricks  and  mortar,  the 
htoue  and  timber  which  bar  or  embarrass  your  passage  cannot  be  removed 
till  they  are  built  into  the  structures  whose  foundations  you  see  on  your 
right  hand  and  on  your  left. 

But  I  should  do  a  wrong  to  my  city  were  I  to  leave  with  you  the  impres- 
sion that  we  are  so  overwhelmed  aud  ensrossed  with  our  material  labors 
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M  to  have  no  care  for  things  of  the  mind  and  the  higher  life.  If  that 
were  true,  why  should  we  welcome  with  so  much  sincere  ardor  the  assem- 
bling of  your  association?  From  the  villages  of  New  England  and  the 
farmhouses  of  the  middle  states  our  people  have  brought  that  perennial 
curiosity,  that  thirst  for  knowledge,  that  intense  though  sombre  imagi- 
nation, which  have  given  American  civilization  and  American  literature 
a  cast  and  hue  of  their  own.  I  roust,  in  a  word,  praise  our  system  of 
public  schools,  both  city  and  state,  which  under  able  management  and  a 
steady  popular  support  cannot,  we  believe,  bo  ranked  below  those  of  any 
community  of  our  size  in  the  Union.  Minnesota  is  the  first  state  which  has 
organized  its  secondary  as  well  as  its  primary  and  superior  education,  and 
offers  to  every  child  in  the  state  a  free  course  of  studies,  from  the  alpha- 
bet to  the  degree  of  master  of  arts.  Our  churches,  goodly  In  size  and  num- 
ber, may  speak  for  the  interest  of  religion.  The  future  will  attest  the 
diligence  and  the  fidelity  of  those  who  love  music  and  tlic  sister  arts,  of 
whom  our  older  cities  might  be  proud. 

It  is  thus,  however,  Mr.  President,  that  we  Minneapolitans,  alert,-  pre- 
occupied, pause  in  the  midst  of  our  labors  to  welcome  your  already  ven- 
erable association. 

We  hail  you  as  the  survivors  of  a  generation  of  great  investigators,  the 
Sillimans,  the  Baches,  the  Henrys,  the  Morses,  the  Rogerses,  who  have  made 
their  country  famous  and  their  own  names  as  imperishable  as  science  her- 
self. We  hail  you  as  the  worthy  successors  of  such  a  generation,  per- 
petuating and  enlarging  their  work. 

In  common  with  civilized  people  we  recognize  the  immense  debt  of  the 
modern  world  to  science;  yet  often  no  doubt  when  we  are  filling  the  sky 
with  applause  to  some  lucky  inventor  we  arc  not  remembering  the  years, 
perhaps  generations,  of  inconspicuous  and  painful  labors,  carried  on  in 
dim  studies  and  laboratories  which  made  the  invention  possible.  Let  the 
inventor  have  his  glory  and  his  profit  without  envy  and  without  stint,  but 
let  us  not  forget  to  build  the  cenotaph  of  a  thousaud  nameless  geometers, 
star-gazers  and  natural  philosophers,  who  working  in  silence  and  obscurity, 
without  thought  of  fame  or  hope  of  reward,  put  it  in  his  power  to  bless 
and  captivate  the  world. 

We  are  grateful,  therefore,  to  science  for  the  telescope  and  the  microscope, 
for  chloroform,  for  the  photograph,  for  all  the  marvellous  applications 
of  electricity.  To  science  we  owe  that  magnificent  apparatus  of  transporta- 
tion which  Is  the  crowning  and  distinctive  feature  of  modern  material  life. 
By  Its  means  men  and  goods  flow  In  vast  masses  up  and  down  and  around 
the  world.  These  movements  are  llice  to  the  currents  of  the  ocean,  the 
flow  of  mighty  rivers  and  the  majestic  march  of  the  heavenly  bodies. 
To  science  we  ovve  the  thousand  appliances  which  yield  comfort  and  even 
elegance  to  tiie  humblest  household. 

Immense  as  are  these  contributions  of  science  to  material  comfort  and 
happiness,  she  has,  I  still  think,  performed  greater  services  to  mankind. 
The  scientific  method  developed  in  the  study  of  nature  has  spread  to  all 
branches  of  investigation.    It  has  permeated  all  our  education,  it  has 
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boldly  leaped  tlie  boandary  between  physics  and  metaphysics.  It  has  eren 
penetrated  into  industry  and  business  and  common  life.  The  modern  man 
first  collects  what  knowledge  he  can  about  his  enterprise  or  adventure  and 
assures  himself  of  their  value.  He  then  makes  the  best  guess  he  can  in  re- 
gard to  the  future.  Then  he  assembles  new  fUcts  and  as  the  facts  require, 
amends  his  theory,  till  at  length  it  becomes  a  working  rule,  maxim  or  prin- 
ciple, lie  knows  not  merely  how  to  know  but  how  to  guess.  The  penetra- 
tion of  the  scientific  method  into  the  operations  of  trade  in  great  commercial 
cities  is  very  conspicuous.  We  endeavor  to  gamble  scientifically.  Xo 
Drew  or  Armour  or  Gould  ever  forms  his  comer  without  a  most  careful 
study  of  the  situation,  and  his  venture  is  his  bet  on  the  correctness  of  his 
theory.  The  further  extension  of  the  scientific  method  till  it  shall  be- 
come the  guide  of  conduct  in  the  e very-day  life  of  all  men,  is  now  a  chief 
problem  in  education. 

In  the  next  place  I  think  science  may  at  length  fairly  claim  to  have 
wrought  out  under  great  difllculties  a  working  hypothesis  of  our  universe 
in  the  nebular  hypothesis  and  its  almost  necessary  corollary,  * 'evolution.** 
It  cannot  be  denied  that  we  arc  all  in  some  sense  evolutionists,  some  of 
us  against  our  prepossessions,  some  of  us  by  insensible  but  progressive 
lapses.  I  am  not  competent  to  argue  on  this  great  theme.  But  I  feel 
bound  to  admit  that  the  evolution  doctrine  in  one  form  or  another  has 
quietly  taken  possession  of  the  modern  mind.  Why  may  we  not  gladly 
accept  it  as  a  most  useful  working  hypothesis  of  the  mode  of  creation? 
I  say  of  the  mode  of  creation,  for  that  mystery  of  creation  itself  will  for- 
ever mock  the  powers  of  man.  Only  this  we  know,  that  unless  human 
consciousness  is  a  juggle  and  human  language  a  mockery,  there  can  never 
be  to  man  a  creation  without  a  creator,  nor  an  evolution  without  an 
evolver. 

Another  great  service  of  science  is  the  maintenance  in  the  world  of  a 
body  of  men,  a  lay  priesthood,  devoted  to  the  search  for  truth  for  its  own 
sake  and  its  own  value.  In  a  mercenary  age,  when  In  the  opinion  of  a 
distinguished  contemporary,  mercantilism  has  become  a  dtitease  and  ex- 
crescence on  society,  the  example  of  such  a  body  of  men  is  of  supreme 
value  in  the  training  of  the  new  generations.  Youths  arc  formed,  a  wise 
Greek  has  taught  us,  not  so  much  by  schools  as  by  the  example  <»f  distin- 
guished men.  To  welcome  you  as  a  body  of  earnest  lovers  of  and  seekers 
after  truth,  from  the  love  of  it  and  your  kind,  would  be  well  worth  our 
while,  were  it  our  only  motive  to  impress  and  inspire  the  children  and 
youth  of  our  city.  In  doing  you  honor  we  give  them  a  lesson  no  books 
nor  masters  can  impart.    For  their  sake  we  then  renew  our  welcome. 

A  still  greater  benefit  of  science  to  mankind  is  the  emancipation  It  has 
wrought  for  us  in  the  last  generations  from  superstition  and  the  dominion 
of  imaginary  powers.  It  is  no  long  time  since  it  was  generally  believed 
by  civilized  men  that  human  aflklrs  were  under  the  control  of  the  spirits 
of  the  air,  good  or  evil.  Men  walked  in  cringing  terror  by  day  and  night, 
of  demons  and  goblins  damned.  The  earthquake,  the  tornado,  the  light- 
ning's stroke,  they  looked  upon  as  instruments  of  punishment  for  the  sins 
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of  mlers  and  peoples.    Thanks  to  science  the  modern  world  has  emerged 
ft^m  this  cloud  of  gloom. 

We  have  some  certain  knowledge.  Our  knowledge  is  not  merely  qnal- 
itatlye,  bat  quantitative.  Truth  ever  makes  free.  Above  all,  we  know 
that  all  things  in  nature  are  governed  by  law  —  law,  "  whose  seat  is  the 
bosom  of  God,  whose  voice  Is  the  harmony  of  the  world."  The  beautiftil 
conception  of  the  Greeks  of  the  universe  as  a  kosmos,  that  is,  an  embod- 
iment of  divine  and  all-pervading  order,  is  the  grand  presupposition  of 
modern  thought.  We  now  know  that  tlie  phenomena  of  nature  have  no 
relation  to  human  conduct,  the  impartial  rain  fhlling  alike  on  Just  and  un- 
just. Men  walk  the  earth  erect  and  free,  fearing  no  bogles  nor  demons. 
How  vast  and  how  blessed  the  relief  to  childhood ! 

In  dispelling  superstition,  science  has  Incidentally  wrought  her  greatest 
services  to  mankind  In  the  purification  of  religion.  The  time  is  coming 
when  gratefhl  thanks  will  be  rendered  by  the  ministers  of  religion  for 
the  emancipation  which  science  has  wroaght  for  the  faith,  and  then  the  con- 
flict of  science  and  religion  will  only  be  remembered  as  the  antagonism  of 
crude  theories  on  the  one  hand  and  cruder  superstitions  on  the  other. 

Gratefhl  we  are  for  all  the  knowledge  which  science  has  collected  and 
collated,  and  perpetuated  to  our  use.  All  honor  to  the  men  who  are 
consecrated  to  truth  in  her  service.  We  may  not  know  what  marvels,  far 
surpassing  all  the  gifts  of  the  past,  the  science  of  the  future  may  reveal. 
Still  we  must  remember  that  the  human  mind  Is  finite,  while  the  truth  is  in- 
finite. The  vast  unknown  engirdles  our  little  circle  of  light.  The  mys* 
tery  of  life  and  death  no  son  of  earth  has  ever  penetrated.  Welcome  all 
truth,  all  knowledge  then !  welcome  to  the  faith  which  points  to  the  con- 
tinuance of  life  in  a  land  where  study  will  be  no  weariness  to  the  soul, 
where  no  veil  of  flesh  will  cloud  the  vision,  where  science  and  religion 
shall  be  forever  one,  where  men  shall  know  even  as  they  are  known ! 

To  the  above  addresses  of  welcome  President  Young  responded  as  fol- 
lows: 

Gentlemen :  On  behalf  of  my  fellow- members  of  the  association,  I  re- 
turn you  oursincerest  thanks  for  the  hearty  welcome  we  have  received  to 
this  magnificent  state,  this  young  and  beautiful  city,  this  vigorous,  ener- 
getic, warm-hearted  community.  When  you  first  invited  us  here  it  was 
not  in  our  power  to  come,  but  your  second  invitation  we  have  accepted 
most  gladly,  and  hope  and  believe  that  our  meeting  here  will  prove  a  benefit 
and  pleasure  to  all  concerned. 

Some  of  us  have  known  you  personally  before,  and  most  of  us  have  long 
been  more  or  less  familiar  at  second  hand  with  your  state  and  city,  and 
yet  I  think  to  many  of  us  It  Is  something  like  a  new  revelation  to  see  for 
ourselves  what  a  few  years  have  accomplished.  I  am  not  enough  of  a 
Latin  scholar  to  quote  my  Yirgll  well,  but  I  have  been  all  the  time  most 
forcibly  reminded  of  the  passage  in  which  JBneas  first  comes  in  sight  of. 
rising  Carthage— most  emphatically  **  the  work  boils  here.**  We  see  no 
drones  or  sluggards,  but  every  shoulder  Is  at  the  wheel  and  everything 
is  moving. 
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It  may  perhaps  seem  to  you  sometimes,  when  in  onr  sectional  meeting 
we  discuss  some  question  about  the  stars,  or  some  hypothesis  as  to  the 
formation  of  rock  strata,  or  the  structure  of  some  worm  or  insect,  that  we 
are  not  of  the  current  of  life,  and  contribute  nothing  to  the  advancement 
of  the  world.  But  you  knov>  It  is  not  so,  and  your  invitation  to  hold  onr 
meeting  here  shows  that  you  know  it.  The  world  advances  not  on  one 
line  only,  but  on  many ;  on  lines  material,  intellectual,  spiritual.  To  some 
extent  the  movements  are  indeed  independent,  but  not  very  far.  Any 
true  advance  on  either  line  implies  corresponding  movement  on  each  of  the 
others  if  not  absolutely  simultaneous  yet  swiftly  consequent.  There  is 
no  need  to  a^k  you  here  how  much  this  city  owes  to  modern  science,  when 
I  see  on  every  side.  In  all  your  streets  and  storehouses  and  mills  the  prac* 
tical  application  of  the  hlgliest  engineering,  mechanical  and  electric  art. 
And  In  the  ftiture  It  is  almost  certain  that  science  is  to  contribute  still 
more  liberally  to  business.  But  not  mainly  for  this  reason  do  I  claim  yoor 
regard  to  science,  but  because,  made  in  the  image  of  God  as  we  are,  know- 
ledge and  understanding  are  as  truly  wealth  and  power  as  lands  and  food 
and  money. 

I  need  not  add  that  as  you  have  invited  us  here,  so  we  on  onr  part  most 
cordially  Invite  you  to  attend  nil  our  meetings  and  listen  to  our  papers 
and  their  discussion.  We  cannot  promise  that  every  paper  will  be  Inter- 
esting to  all,  but  each  one  I  think  will  be  able  to  select  certain  ones  he 
will  be  ghid  to  hear.  And  if  any  one  of  you  choose  to  Join  us  and  enroll 
yourselves  as  promoters  of  the  advancement  of  science,  our  membership  Is 
open  on  easy  terms. 

Once  more,  gentlemen,  we  thank  you  for  your  cordial  welcome  and  ad- 
dress ourselves  to  our  business,  in  hope  and  confidence  that  our  meeting 
bci*e  is  to  be  In  the  highest  degree  pleasant  and  successftiL 

The  regular  business  of  the  General  session  was  then  taken  up. 

The  Gknrbal  Skcretart  read  a  list  of  seventp-three  persons  recom- 
mended by  tlic  Standing  Committee  for  membership  in  the  Association  and 
they  were  duly  elected. 

The  Permanent  Sbcretart  read  the  financial  report  of  the  Association. 

The  Permanent  Skcretart  also  read  the  following  list  of  twenty 

members,  notices  of  whose  death  had  been  received  during  the  past  year. 

Stepiikx  Alexander,  of  Princeton,  N.  J.,  past  president.  Joined  the 
Association  at  the  first  meeting.    Born  Sept.  1,  1806.    Died  June  25, 1883. 

Louis  Aufreciit,  of  Cincinnati,  Ohio.    Joined  at  the  30th  meeting. 

Sir  Kedmond  Barry,  of  Melbourne,  Australia.  Joined  at  the  25th  meet- 
ing. 

G.  W.  Belpragb,  of  Clifton,  Texas.  Joined  at  the  29th  meeting. 
Died  Dec.  7, 1882. 

RoDKRT  BKKiGS,  of  Phlladelpliia,  Fa.    Joined  at  the  29th  meeting. 

Horace  Brown,  of  Salem,  Mass.  Joined  at  the  27th  meeting.  Died 
July,  1883. 

L.  S.  BuRBANK,  of  Wobam,  Mass.    Joined  at  the  18th  meeting. 
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Paul  A.  Cuadbourne,  of  Amherst,  Mass.  Joined  at  the  lOth  meeting. 
Born  Oct.  21,  1823.    Died  Feb.  23, 1883. 

Miss  Margaret  S.  Chknry,  of  Jamaica  Plain,  Mass.  Joined  at  the 
29th  meeting.    Died  Sept.,  1882. 

JosiAii  Curtis,  Washington,  D.  C.  Joined  at  the  18th  meeting.  Died 
Aug.  1,  1883. 

Hknry  Draper,  of  New  York,  K.  Y.  Joined  at  the  28th  meeting.  Born, 
1837.    Died  in  1883. 

O.  H.  Fitch,  of  Ashtabula,  Ohio.  Joined  at  the  7th  meeting.  Died 
Sept.  17, 1882,  in  his  80th  year. 

A.  r.  Garber,  of  Columbia,  Pa.  Joined  at  the  29th  meeting.  Died 
Ang.  26,  1881. 

G.  S.  B.  Hempstead,  Portsmouth,  Ohio.  Joined  at  tlie  29th  meeting. 
Died  July  9,  1883,  in  his  89th  year. 

James  Orton,  Poughkeepsle,  N.  Y.  Joined  at  the  18tli  meeting.  Died 
Sept.  24,  1877. 

WiLUAM  ScHLET,  of  New  York,  K.  Y.  Joined  at  the  28th  meeting. 
Died  in  1882. 

Joseph  S.  St.  Joiik,  of  Albany,  N.  Y.,  acting  General  Secretary  of 
the  7th  meeting.    Died  Nov.  23,  1882. 

A.  P.  Taylor,  Cleveland,  Obio. 

Thomas  W.  Tobin,  of  Lonlsville,  Ky.  Joined  at  the  SOth  meeting.  Died 
Aug.  4,  1888,  in  his  4l8t  year. 

R.  S.  Williamson,  of  San  Francisco,  Cal.    Joined  at  the  12th  meeting. 

President  Young  gave  a  brief  account  of  the  life  of  Prof.  Stephen  Alex- 
ander of  Princeton,  N.  J.,  who  was  an  original  member  of  the  Association 
and  wa%President  in  1859. 

After  formal  announcements  by  the  Permanent  Sbcrrtart  and  officers 
of  the  Local  Committee  the  General  Session  adjourned. 

On  the  a<!Uonmment  of  the  General  Session  the  Sections  met  in  their 
respective  section  rooms  to  complete  their  organizations  with  the  follow- 
ing resnlt. 

SECTION  A. 

Vice  President :  W.  A.  Rogers. 

Secretary:  G.  W.  Hough. 

Member  of  Standing  Committee :  E.  S.  Holdbn. 

Sectional  Committee :  J.  R.  Eastman,  H.  T.  Eddt,  E.  W.  Hyde. 

Member  of  Nominating  Committee :  S.  J.  Coffin. 

Sub-^^ommittee  on  Nominations :  A.  B.  Kelson,  C.  J.  Smith,  E.  Frisbt* 

SECTION  B. 
Vice  President :  H.  A.  Rowland. 
Secretary :  F.  E.  Nipiier. 

Member  of  Standing  Committee :  Lb  Roy  C.  Coolby. 
Sectional  Committee :  T.  F.  Jbwbll,  W.  A.  Anthony,  H.  S.  Carhart. 
Member  of  Nominating  Committee :  H.  B.  Goodnow. 
Svb'Cammittee  on  Nominatiotis :  T.  C.  Mbndbnball,  C*  F.  Bbackbtt. 
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SECTION  C. 

Vice  President :  E.  W.  Morlst. 

Secretary :  W.  McMurtsis. 

Member  of  Standing  Committee :  C.  Leo  Mbes. 

Sectional  Committee :  W.  G.  Mixtkr,  R.  B.  Warokh,  A.  P.  S.  Stuabt. 

Member  of  Nominating  Committee:  A.  P.  S.  Stuart. 

Siithcommittee  on  Nominations:  A.  Spbinoeb,  H.  H.  Dinwiddie,  J.  As 

DODOB. 

SECTION  D. 

Vtee  President:  De  Volson  Wood. 

Member  af  Nominating  Committee:  C.  M.  Woodward. 

8ub<!omndttM  on  Nominations  i  T.  R.  Bakeb,  L.  L.  McInnis,  W.  A. 


SECTION  B. 

Vice  President :  C.  H.  Hitchcock. 

Secretary:  A.  A.  Julien. 

Member  of  Standing  Committee :  E.  W.  Clatpolb. 

Sectional  Committee :  J.  W.  Spencer,  T.  C.  Chamberlain,  W.  Uphak. 

Member  of  Nominating  Committee:  N.  H.  Winchbix. 

Sulhcommittee  on  Nominations:  E.  Orton,  J.  F.  Jambs,  J.  W.  Powbll. 

SECTION  F. 

Vice  President :  W.  J.  Bbal. 
Secretary :  S.  A.  Forbes. 

Member  of  Standing  Committee :  0.  S.  Westcott.  • 

Sectional  Committee :  C.  E.  Bbssey,  W.  B.  Lazenbt,  £.  D.  Cope. 
Member  of  Nominating  Committee:  H.  Osbork. 

Sub-committee  on  Nominations:  D.  S.  Keluoott,  J.  M.  Coitltbb,  W. 
O.  Farlow. 

SECTION  G. 

Vice  President:  J.  D.  Cox. 
Secretary :  W.  H.  Walmslet. 
Member  of  Standing  Committee :  W.  Lilly. 

Sectional  Committee :  W.  J.  Beal,  T.  C.  Mendenhall,  W.  A.  Booras. 
Member  of  Nominating  Committee :  C.  Y .  Bilbt. 
Sub^committee  on  Nominations :  W.  H.  Waimslby,  C.  Leo  Mess,  D.  S. 
Kelucott. 

SECTION  H. 

Vice  President:  O.  T.  Mabon. 

Secretary:  G.  H.  Pbrxinb. 

Member  of  Standing  Committee :  E.  S.  Morsb. 

Sectional  Committee :  P.  B.  Hoy,  F.  W.  Putnam,  N.  B.  Towhsbbrd^ 

Member  of  Nominating  Committee:  Nathaniel  Painb. 
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SECTION  I. 
Vice  President :  Franklin  B.  Hough. 
SecretaiTf :  Joseph  Cummings. 
Member  of  Nominating  Committee :  C.  W.  Smiley. 
Sub-committee  on  Nominations :  J.  R.  Dodge,  Wm.  W.  Folwell,  John 
Hicks. 

The  addresses  of  the  Vice  Presidents  were  given  as  follows : — 
Vice  President  Rogkks       before  Section  A  at  2.80  p.  m. 
*«  ••        Hitchcock     "  **       E  "  2.80  «*    " 

"  «•        Hough  *•  "       I   **  2.30 "    •• 

**  «*        Rowland      **  •*       B  "  4      "    •< 

"  "        Bkal  ••  *«       F  •*  4      •*    «* 

•«  "        Mason  "  *<»      H  •*  4      "    " 

No  addresses  were  giyen  by  the  Vice  Presidents  of  Sections  C,  D,  and  G. 

Tho  address  of  the  retiring  President,  Dr.  J.  W.  Dawson,  was  given  at 
7.80  p.  M.  in  the  Westminster  Chnrch. 

After  the  address  of  Dr.  Dawson  the  Local  Committee  gave  a  reception 
to  the  Association  in  the  parlors  of  the  Nicollet  House. 

Thursday,  August  16. 

The  Association  met  in  General  Session  at  10  a.  m.,  President  Young 
in  the  chair. 

The  President  announced  that  Section  C  wonld  hereafter  meet  in  Room 
89  on  the  second  floor  of  the  University  and  that  a  meeting  of  Botanists 
would  be  held  in  the  room  of  Section  F  at  2  p.  m.  on  Thursday. 

The  Local  Committee  gave  notice  that  arrangements  had  been  made  to 
enable  members  of  the  Association  to  visit  the  lumber  and  flouring  mills 
of  Minneapolis  on  Saturday  morning. 

The  same  committee  also  announced  an  excursion  for  members  of  the 
Association  on  Saturday  to  Lake  Park  Hotel  and  Lake  Minnetonka,  via 
the  Minneapolis  and  St.  Louis  railroad,  leaving  Minneapolis  at  11  a.  m. 

A  list  of  twenty-nine  persons  which  the  Standing  Committee  had  rec- 
ommended for  membership  in  the  Association  was  then  read  by  the 
General  Secketary  and  they  were  duly  elected. 

The  following  communications  were  read  by  the  General  Secretary. 

Northwestern  Division  Erie  Telephone  and  Tklegrafh  Co. 

Minneapolis,  August  14, 1883. 

Prof.  N.  H.  Winchkll,  Secretary  of  the  Local  Committee  for  the  Minn- 
eapolis Meeting: 

Dear  Sir  :  During  the  session  of  your  Association  we  shall  be  pleased 

to  extend  the  service  of  our  local  exchange  to  members  and  guests  and 

would  appreciate  an  inspection  of  our  operating  department  by  any  of 

your  people. 

Tonrs  truly, 

Arthur  S.  Templb, 

Oeneral  Superinten^nt. 
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Young  Mkn's  Chuistiax  AssociATiosr, 
MiXNKAPOLis,  Minn.,  Auo.  9,  1883. 
AMKE3CAN  Association  for  the  Advaxckmknt  op  Scdckcr  : 

Gentlkmrn  :  We  very  cordlnlly  Invite  you  to  visit  and  inspect  oar  new 
quarters  In  the  Syndicate  Block  ffl9-521  Nicollet  Avenue,  at  yonr  leisore 
during  your  sessions  in  our  city.  Our  rooms  are  open  daily  to  visitors 
ftoro  9  A.  M.  to  9.80  p.  M.  Tlie  SccreUry,  or  his  assistant,  will  cheerlblly 
give  Information  or  show  any  attention  within  his  power. 

Yours  truly, 

H.  E.  Fletchrr,  Pres., 
John  H.  Elliott,  Gen.  Secretary. 

The  General  Session  then  adjourned. 

Friday,  August  17. 

The  Association  met  In  Genera]  Session  at  10  a.  m.,  thePuESiDKNT  In  the 
chair. 

The  General  Secrbtakt  read  a  list  of  thirty  persons  reconimended  by 
the  Standing  Committee  for  membership  In  the  Association  and  they  were 
duly  elected. 

The  following  communication  was  read  by  the  General  Secrktart 

St.  Paul,  Minn.,  August  15,  1883. 

To  the  President  of  the  American  Association  foe  the  Aj>yAKGK- 
MKNT  OF  Science. 

Dear  Sir  :    At  the  Meeting  of  the  Board  of  Directors  of  the  St.  Paul 

Chamber  of  Commerce  held  on  the  sixth  Instant,  a  resolution  was  adopted, 

appointing  the  gentlemen  whose  names  are  given  below,  looking  to  the 

entertainment  of  your  Association  In  St.  Paul.    We  sincerely  trust  that 

yon  will  give  as  the  pleasure  of  showing  you  our  city  and  beg  you  will 

name  a  day  for  that  purpose. 

Respectfhlly, 

R.  O.  Sweeny,  Chairman  Special  Committee, 

C.  A.  McNrale,  Secretary. 

Committee  on  Entertainment,  Messrs.  B.  O.  Sweent,  H.  K.  Elster, 
F.  A.  Fooo,  H.  A.  Castle,  L.  W.  Rundlett. 

By  a  vote  of  the  Association  the  invitation  was  accepted  for  Monday  j 

afternoon  August  20;  the  members  of  the  Association  to  leave  East  ] 

Minneapolis  at  two  o'clock. 

Several  announcements  were  made  by  the  Local  Committee. 

In  accordance  with  the  vote  of  the  Standing  Committee,  the  paper  by 
Dr.  T.  Stbrrt  Hunt  of  Montreal,  on  a  Classilicatlon  of  the  Natural  Sci- 
ences, was  read,  after  which  the  General  Session  adjourned. 

On  Friday  evening,  Prof.  F.  W.  Putnam  of  Cambridge,  Mass.,  gave  a 
lecture  illustrated  by  diagrams  and  lantern  pictures,  on  **Altar  Mounds 
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and  their  contents,"  before  a  large  and  highly  interested  audience  in  the 
Charch  of  the  Kedeemer.  The  lantern  was  furnished  by  Dr.  £.  P.  How* 
LAND  of  Washington. 

Saturday,  August  18. 

No  meetings  of  the  Association  were  held  to-day.  During  the  morning 
many  members  of  the  Association  availed  themselves  of  the  privilege  of 
visiting  the  lumber  and  flouring  mills  and  found  much  to  admire  in  the 
wonderful  mechanical  Improvements  which  astonished  them  at  every  turn. 

At  11  A.  M.  about  four  hundred  members  of  the  Association  and  guests 
took  an  extra  train  on  the  Minneapolis  and  St.  Louis  K.  II.  for  the  Lake 
Park  Hotel  at  Lake  Minnetouka.  On  arriving  at  the  hotel  they  were  fur- 
nished with  an  excellent  dinner  by  the  Local  Committee.  After  dinner 
the  party  embarked  on  the  steamer  City  of  St.  Louis,  and  made  the  grand 
tour  of  Lake  Minnetouka.  Most  of  the  party  landed  at  Chapman's,  and 
were  highly  edified  by  speeches  from  Mr.  D.  Blakely,  the  Uon.  W.  D. 
Wasiibukn  and  the  Hon.  Ignatius  Donxeli.y.  Returning  by  the  same 
route  the  excursionists  reached  Minneapolis  about  6  p.  M.  highly  pleased 
with  the  zeal  and  skill  of  the  Local  Committee,  and  the  beauties  of  Minne- 
touka. 

Monday,  August  20. 

The  Association  met  In  General  Session  at  10  a.  m.  the  President  In 
the  chair. 

The  General  Secretary  read  a  list  of  twenty-three  persons  recom- 
mended by  the  Standing  Committer  for  membership  in  the  Association, 
and  they  were  duly  elected. 

The  President  announced  that  the  reports  of  Special  Committees  were 
now  in  order. 

The  **  Committee  on  Weights,  Measures  and  Coinage,"  made  no  report 
and  was  continued. 

The  **  Committee  to  Memorialize  the  Legislature  of  New  York  for  a  new 
survey  of  Niagara  Falls"  made  no  report  and  was  discharged. 

The  **  Committee  on  the  best  methods  of  Science  Teaching  In  the  Public 
Schools'*  reported  progress  and  was  continued. 

The  '*  Committee  on  the  Kegistratiou  of  Marriages,  Births  and  Deaths," 
made  no  report  and  was  continued. 

The  *'  Committee  on  Standard  Time"  reported  that  the  Hallway  compa- 
nies had  taken  such  action  as  left  little  for  the  Committee  to  do.  The  com- 
mittee was  discharged. 

The  **  Committee  on  Stellar  Magnitudes  "  reported  progress  and  was 
continued. 

The  <* Committee  on  State  Greological  Surveys"  made  no  report  and 
was  discharged. 

The  *' Committee  to  confer  with  committees  of  Foreign  Associations 
for  the  Advancement  of  Science,  with  reference  to  an  International  Con- 
vention of  Scientific  Associations,"  reported  progress  and  was  continued. 
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The  *'  Committee  to  confer  with  a  Committee  of  the  British  Association 
for  the  Advancement  of  Science  on  the  Annual  Records  of  Science  **  made 
no  report  and  was  discharged. 

The  **  Committee  on  indexing  the  Literature  of  the  Chemical  Elements 
reported  through  its  Chairman  that  a  paper  reporting  progress  would 
reach  the  Association  before  the  day  fixed  for  adjournment.  The  Com- 
mittee was  continued.  [The  report  was  received  and  is  printed  on  p.  147 
of  this  volume.] 

The  **  Comniiitcc  on  a  Primary  Meridian  and  an  International  Standard 
of  Time"  made  no  report  and  was  discharged. 

The  **  Committee  on  International  Congress  of  Geologists  "  reported 
progress,  and  was  continued  with  power  to  add  to  its  number. 

The  "Committee  to  confer  with  the  United  States  Geologist  in  regard 
to  cooperation  between  the  Government  and  St^te  Geological  Surveys,** 
reported  progress  and  was  continued  with  power  to  add  to  its  number. 

The  following  Constitutional  amendment  proposed  at  the  Montreal 
Meeting  was  then  read  and  adopted  by  a  vote  of  the  Association. 

Add  to  Article  7  of  the  Constitution  the  following: — 
•*  The  Standing  Committee  shall  have  power  to  exclude  from  the  Asso- 
ciation any  Member  or  Fellow,  on  satisfactory  evidence  that  said  Member 
or  Fellow  is  an  improper  person  to  be  connected  with  the  Association,  or 
has  In  the  estimation  of  the  Committee  made  Improper  use  of  his  mem- 
bership or  fellowship.** 

The  following  report  of  the  Committee  on  Interchange  of  courtesies 
between  the  American  and  the  British  Associations  for  the  Advancement 
of  Science,  in  1884,  was  read  by  the  Geneical  Seciietary. 

The  Committee  report  the  following  recommendations  :— 

That  a  cordial  invitation  be  extended  to  the  members  of  the  British  As- 
sociation to  attend  the  meeting  of  this  Association,  and  take  part  in  its 
scientific  proceedings. 

That  in  order  to  facilitate  the  exchange  of  courtesies,  the  meeting  of 
this  Association  for  1884  begin  on  September  3.  [Afterwards  changed  to 
Thursday,  Sept.  4.] 

That  the  committee  on  the  Berlin  Congress  of  Geologists  l>e  requested 
to  correspond  with  the  ofiicers  of  the  Congress  and  of  the  Biitish  Asso- 
ciation with  the'vlew  of  arranging  for  such  a  date  as  may  be  suitable  to 
the  delegates  from  the  two  Associations. 

That  a  committee  be  continued  to  attend  to  such  matters  as  may  arise 
In  connection  with  the  meetings  of  the  Associations. 

The  Association  voted  to  accept  the  report  and  to  adopt  the  i-ecom- 
mcndatlous,  leaving  the  date  of  the  meeting  to  be  recommended  by  the 
Nominating  Committee. 

The  following  committee  was  appointed  and  continued  in  accordance 
with  the  report :  C.  A.  Young,  J.  P.  Licslky,  J.  W.  Dawson,  T.  Steruy 
Hunt,  E.  S.  Morsk,  T.  C.  Mkndkniiaix,  F.  W.  Putnam. 

The  report  of  the  Committee  appointed  to  consider  the  question  of  daty 
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on  scientific  books,  was  then  read.  On  motion  of  Hon.  J.  D.  Cox  it  was 
voted  that  a  committee  of  five  be  appointed  in  accordance  with  tlie  recom- 
mendations of  the  report  to  present  the  matter  to  Congress. 

The  foliowing  committee  was  appointed :  H.  A.  Rowland,  C.  A.  Young, 
J.  W.  PowKLL,  J.  D.  Cox,  E.  S.  Morsu. 

The  foliowiug  report  of  the  Committee  on  Privileges  of  Members  of  the 
Association,  witli  respect  to  meetings,  was  read,  and  adopted  by  vote  of  the 
Association. 

That  every  member  of  the  Association  shall  have  the  privilege  of  regis- 
tering members  of  Iiis  family,  not  including  men  over  twenty-one  years  of 
Age,  by  paying  the  sum  of  three  dollars  for  each  person  so  registered,  and 
shall  receive  for  them  specific  badges  which  will  entitle  the  holder  thereof 
to  such  privileges  as  may  be  extended  to  the  members  generally  by  the 
local  committee  for  the  meeting. 

The  Nominating  Committkk  were  notified  to  meet  at  the  Nicollet 
House  at  9.30  p.  m.  Monday. 

After  sevei*al  announcements  by  the  Local  Committee  a  paper  on  The 
Evidence  for  Evolution,  in  the  History  of  the  Extinct  Mammalia,  was  rend 
by  Prof.  E.  D.  Copb  of  Philadelphia. 

On  the  completion  of  Prof.  Cope's  paper  the  General  Session  adjourned. 

Monday  Afternoon. 

Soon  after  lunch  those  members  of  the  Association  who  accepted  the  In- 
vitation to  visit  St.  Paul  took  a  special  train  of  Chicago,  Milwaukee  and 
St.  Paul  R.  R.  cars  for  the  excursion.  The  train  stopped  at  Minnehaha 
Falls  giving  ample  time  to  see  this  beautiful  and  historic  sheet  of  water, 
and  after  several  considerable  delays  the  party  arrived  safe  in  St.  Paul 
where  they  took  carriages  provided  by  the  citizens'  committee  and  drove 
to  the  State  House.  Here,  speeches  of  welcome  were  made  by  Mayor 
C.  D.  O'Brien  of  St.  Paul,  Col.  Edward  Daniels  of  St.  Paul  and 
Governor  L.  F.  Hubbard.  Responses  on  the  part  of  the  Association  were 
made  by  Pres.  C.  A.  Young,  Gen.  J.  D.  Cox  and  Major  J.  W.  Powkll. 

The  unexpected  delay  of  the  train  had  deranged  many  of  the  plans  of 
the  St.  Paul  reception  committee,  but  most  of  the  party  were  able  to  see 
a  large  portion  of  the  city  and  reach  the  Metropolitan  and  Merchants* 
Hotels  in  season  for  the  excellent  supper  provided  by  the  reception  com- 
mittee. At  8.80  P.  M.,  the  return  train  left  St.  Paul  and  soon  reached 
Minneapolis  without  delay  or  accident. 

On  Monday  evening,  at  Plymouth  Church,  an  illustrated  lectare  on  The 
Fish  and  Fisheries  of  the  United  States,  was  given  by  Mr.  C.  W.  Smiley 
of  the  Smithsonian  Institution.  The  lantern  illustrations  were  by  Dr. 
E.  P.  HowLAND  of  Washington,  D.  C. 

TuKSDAY,  August  21. 

The  Association  met  in  General  Session  at  10  a.  m.,  the  Pbesident  in 
the  chair. 
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A  list  of  twenty  persons  recommended  by  the  Staxdino  Committee  for 
membership  in  the  Association  was  read  by  the  General  Secretary  and 
they  were  duly  elected. 

The  following  list  of  members  recommended  by  the  Standing  Co3C- 
If  ittre  to  be  Fellows  of  the  Association  was  then  elected  by  ballot. 
Abbott,  Dr.  Chas.  C,  Trenton,  N.  J.  (29). 
Anderson,  Rev.  Joseph,  Waterbury,  Conn.  (29). 
Arthur,  J.  C,  Charles  City,  Iowa  (21). 

Ashbarner,  Cliarles  A.,  907  Walnut  St.,  Philadelphia,  Pa.  (31). 
Baraard,  Edward  E.,  Nashville,  Tenn.    (26). 
Bartlett,  Prof.  Edwin  J.,  Dartmouth  Coll.,  Hanover,  N.  J.  (28). 
Bausch,  Edward,  Rochester,  N.  Y.  (26). 
Billings,  Dr.  John  Siiaw,  Washington,  D.  C.  (32). 
Blackham,  Dr.  George  E.,  Dunkirk,  N.  Y.  (25). 
Burr,  Prof.  William  H.,  Troy,  N.  Y.  (31). 

Carpmael,  Charles,  Director  of  Magnetic  Observatory,  Toronto,  Can.  (31). 
Case,  Col.  Thco.  S.,  Kansas  City,  Mo.  (27). 
Chandler,  Prof.  Chas.  Henry,  Ripon,  Wis.  (28). 

Clapp,  Miss  Cornelia  M.,  Mt.  Holyoke  Seminary,  South  Hadley,  Mass.  (31). 
CrandaU,  Prof.  A.  R.,  Lexington,  Ky.  (29). 
Curtis,  Dr.  Lester,  1558  Wabash  avenue,  Chicago,  111.  (29;. 
Davenport,  B.  F.,  M.  D.,  751  Treroont  St.,  Boston,  Mass.  (29). 
Dorscy,  Rev.  Jas.  O.,  Bureau  of  Ethnology,  Washington,  D.  C.  (31). 
Dudley,  Prof.  Wm.  R.,  Ithaca,  N.  Y.  (29). 

Eaton,  Hon.  John,  U.  S.  Commissi  of  Education,  Washington,  D.  C.  (25). 
Fail-child,  II.  L.,  153  E.  47th  St.,  New  York,  N.  Y.  (28). 
Fernald,  Prof.  M.  C,  State  Agricultural  College,  Orono,  Me,  (22). 
Fletcher,  Miss  Alice  C,  care  Peabody  Museum,  Cambridge,  Mass.  (29j. 
Fletcher,  James,  Library  of  Parliament,  Ottawa,  Can.  (31). 
Freeman,  Spencer  H.,  Cleveland,  Ohio  (29). 
French,  Prof.  Thomas,  jr.,  Urbana,  Ohio  (30). 

Gallaudet,  Edw.  M.,  Pres.  Kat.  DeafMute  College,  Washington,  D.  C.  (28). 
Gray,  Dr.  Elisha,  Highland  Park,  111.  (32). 

GuUey,  Prof.  Frank  A.,  Agricultural  College,  Oktibbeha  Co.,  Miss.  (SO). 
Hall,  Prof.  C.  W.,  Univ.  of  Minnesota,  Minneapolis,  Minn.  (28). 
Halsted,  Byron  D.,  245  Broadway,  New  York,  N.  Y.  (29). 
Hanaman,  C.  E.,  Troy,  N.  Y.  (19). 

Hardy,  Prof.  A.  S.,  Dartmouth  College,  Hanover,  N.  H.  (28). 
Holmau,  Silas  W.,  Mass.  Inst,  of  Technology,  Boston,  Mass.  (81). 
Holmes,  Wm.  H.,  Smithsonian  Institution,  Washington,  D.  C.  (30). 
Hosca.  Lewis  M.,  Johnston  Building,  Cincinnati,  Ohio  (30). 
Hotchklss,  Jed.,  Staunton,  Va.  (81). 
Ilovey,  Rev.  H.  C,  New  Haven,  Conn.  (29). 
Jordan,  Prof.  David  R.,  Bloomlngton,  Ind.  (81). 
Hcllicott,  David  S.,  Buffalo,  N.  Y.  (31). 
Kershner,  Prof.  Jefferson  E.,  Lancaster  City,  Pa.  (29). 
Kiunicutt,  Dr.  Leonard  P.,  Worcester,  Mass.  (28). 
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Knnz,  Q.  P.,  care  Tiffony  &  Co.,  New  York,  N.  Y.  (29). 

liandreth.  Prof.  Olin  H.,  Vanderbllt  Univ.,  Nashville,  Tenn.  (28). 

Larkln,  Edgar  L.,  New  Windsor,  Mercer  Co.,  III.  (28). 

Mackintosh,  James  B.,  School  of  Mines,  Columbia  Coll.,  New  York  (27). 

Moses,  Prof.  Thos.  F.,  Urbana  University,  Urbana,  Ohio  (25). 

Osbom,  Henry  F.,  S.  D.,  Garrisons,  N.  Y.  (20). 

Payne,  Prof.  Wm.  W.,  Carleton  College,  Northfleld,  Minn.  (30). 

Pickering,  Wm.  H.,  8i  Mt.  Vernon  St.,  Boston, Mass.  (29). 

Robinson,  Prof.  S.  W.,  Univ.  of  Ohio,  Columbus,  Ohio  (30). 

Bockwell,  Chas.  H.,  Box  298,  Tarrytown,  N.  Y.  (28). 

Rosenspltz,  Dr.  Alexander,  Rabbi,  Lock  Box  430,  Portland,  Oregon  (26). 

Smiley,  Charles  W.,  Smithsonian  Institution,  Washington,  D.  C.  (28). 

Smith,  Edwin,  Ass't  U.  S.  Coast  and  Geodetic  Survey,  Washington, 

D.  C.  (30). 
Upton,  Wlnslow,  Army  Signal  Office,  Washington,  D.  C.  (29). 
Walmsley,  W.  II.,  1016  Chestnut  St.,  Philadelphia,  Pa.  (28). 
Webb,  Prof.  J.  Burkltt,  Ithaca,  N.  Y.  (31). 
Wheeler,  Prof.  C.  G.,  Univ.  of  Chicago,  Chicago,  III.  (18). 
Whiting,  Miss  Sarah  F.,  Wellesley  College,  Wellesley,  Mass.  (31). 

The  President  announced  that  the  time  had  arrived  for  selecting  the 
place  of  meeting  for  1884  and  that  the  Nominating  Committeb  had  rec- 
ommended the  city  of  Philadelphia. 

The  following  Invitation  fVom  men  of  science  and  A*om  corporate  bodies 
in  Philadelphia  was  then  read : — 

Philadelphia,  August  1,  1883. 

To  THE  PrESIDBNT,  OFFICERS  AND  MEMBERS  OF  THE  AMERICAN  Afi60- 
CIATION  FOR  THE  ADVANCEMENT  OF  SCIENCE  : 

Gentlemen  :  The  undersigned  being  severally  authorized  to  represent 
the  institutions,  corporations,  etc.,  set  opposite  their  names,  or  Joining 
heartily  with  the  former  in  their  individual  capacity  as  citizens  of  Phila- 
delphia, do  hereby  cordially  invite  your  honorable  body  to  hold  the 
thirty- third  session  of  the  American  Association  for  the  Advancement  of 
Science,  for  1884,  in  the  city  of  Philadelphia. 

Prof.  H.  CarvlU  Lewis,  Prof.  Kdward  D.  Cope,  Dr.  Persifor  Fraxer, 
Prof.  Angelo  Heilprln,  Rev.  Henry  C.  McCook,  D.  D. ;  Committee  ap- 
pointed by  the  Academy  of  Natural  Sciences  of  Philadelphia. 

Daniel  G.  Brinton,  M.  D.,  Prof.  George  F.  Barker,  M.  D.,  Prof.  J.  Peter 
Lesley,  Henry  PhlMlps,  jr.,  Wm.  Morris  Davis,  Esq. ;  Committee  appointed 
by  the  American  Philosophical  Society. 

Wm.  P.  Tatham,  Esq.,  Alex.  E.  Outerbrldge,  Jr.,  Prof.  Edwin  J. 
Houston,  Coleman  Sellers,  Esq.,  Wm.  H.  Wahl,  Ph.  D. ;  Committee  ap- 
pointed by  the  Franklin  Institute. 

Prof.  Wm.  Pepper,  M.  D.,  Provost  of  the  University,  Prof.  Joseph 
Leidy,  M.  D.,  President  of  the  Acad,  of  Nat.  Sciences,  S.  Weir  Mitchell, 
M.  D.,  Hon.  John  Welsh,  William  Sellers,  Esq. ;  On  behalf  of  the  Univer- 
iity  of  Pennsylvania. 
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Isaac  Lea,  JlL.  D.,  John  L.  LeConte,  M.  D.,  Prof.  Geo.  F.  Barker, 

M.  D. ;  Ex' Presidents  A.  A,  A,  S. 

Hon.  Samuel  G.  King,  Mayor  of  the  city  of  Philadelphia. 

Hon.  Wm.  Henry  Lex,  President  of  the  Common  Council  of  Philadelpkia. 

Edwanl  T.  Steel,  Esq.,  President  of  the  Board  of  Education. 

Prof.  L.  M.  Haupt,  TIios.  C.  Clarke,  Esq.,  Frederic  Graif,  Esq.,  Strick- 
land Kneass,  E.nq.,  Radolph  Herlng,  Esq. ;  Committee  appointed  by  the  En- 
gineers*  Club  of  Philadelphia. 

Henry  C.  Lea,  Esq.,  J.  G.  Roseng^arten,  Esq.,  Wm.  A.  Ingham,  Esq., 
Tho8.  Cochran,  Esq.,  Edward  R.  Wood,  Esq. ;  On  behalf  of  the  PhUadet- 
phia  Social  Science  Association. 

Rlsjht  Rev.  Wm.  Bacon  Stevens;  Bishop  of  Pennsylvania,  President  of 
the  Board  of  Trustees  of  the  Philadelpfiia  Divinity  School,  President  of  tJte 
Protestant  Episcopal  Hospital,  President  of  the  University  Club. 

Horace  Howard  Fiirness,  Esq.,  President  of  the  Penn  Club. 

Prof.  Roberts  Bartholow,  M.  D.,  LL.  D.,  Dean  of  the  Faculty  of  the 
Jefferson  Medical  College  of  Philadelphia. 

Prof.  Edward  H.  Maglll,  President  of  Svoarthmore  College. 

Prof.  Geo.  J.  Rltchd,  President  Central  High  School. 

Prof.  A.  H.  Fetterolf,  President^  Prof.  H.  D.  Gregory,  Vice' President, 
Girard  College. 

Prof.  C.  N.  Pelrce,  D.  D.  S.,  Dean  of  the  Pennsylvania  College  of 
Dental  Surgery. 

James  L.  Claghom,  Esq.,  President  Pennsylvania  Academy  of  Fine  Arts, 
President  of  tJie  School  of  Design. 

John  L.  Le  Conte,  M.  1).,  President  American  Entomological  Society. 

Lloyd  P.  Smith,  Esq.,  Librarian,  Library  Co.  of  Philadelphia. 

T.  Morris  Perot,  Esq.,  President  of  the  Mercantile  Library  Co. 

George  H.  Boker,  President,  and  Samael  B.  Hoey,  Secretary  of  the 
Union  League  of  Philadelphia. 

Thomas  Chase,  LL.  D.,  President  of  Haverford  College. 

George  W.  Chllds,  Esq.,  Editor  of  the  Public  Ledger. 

Hon.  A.  W.  Tourgee,  Esq.,  Editor  of  the  Continent. 

Col.  A.  Loudon  Snowdon,  Superintendent  U.  S.  Mint. 

Gen.  H.  S.  Huldekoper,  PostmasUr  at  Philadelphia. 

Prof.  F.  V.  Hayden,  M.  D.,  LL.  1).,  U  S.  Geological  Survey. 

Franklin  B.  Gowen,  Esq.,  President,  and  Albert  Foster,  Esq.,  Secr^ary 
of  the  Philadelphia  and  Reading  Railroad  Company. 

John  C.  Sims,  jr.,  Esq.,  Secretary  Pennsylvania  Railroad. 

A.  J.  Drexel,  Esq.,  John  Wanamaker,  Esq.,  Geo.  Whitney,  Esq.,  Moro 
Phillips,  Esq.,  James  A.  Wright,  Esq. 

The  Prksidrnt  said  that  a  formal  invitation  had  been  received  from 
New  Tork  but  considering  the  prior  action  of  the  Philadelphia  people  the 
New  York  claim  was  not  urged. 

A  vote  was  taken  on  the  selection  of  the  place  of  meeting  in  1884,  and 
Philadelphia  was  chosen  nnanimoosly. 
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The  time  of  meeting  was  fixed  for  the  third  of  September,  with  the  pro- 
viso, that  the  retiring  and  Incoming  Presidents  and  Permanent  and  Qeneral 
Secretaries  for  1883  and  1884  should  be  empowered  to  change  the  date  if 
they  deem  it  desirable.  [This  committee  has  found  it  desirable  to  change 
the  date  to  Thursdu}',  Sept.  4.] 

The  Grneual  Skcretauy  read  the  list  of  Fellows  recommended  by  the 
Nominating  Committee  for  officers  of  the  meeting  to  be  held  in  1884,  and 
they  were  elected  by  a  unanimous  vote  of  the  Association.  The  list  is  as 
follows : — 

President :  J.  P.  Lrslky,  of  Philadelphia. 

Vice  Presidents :  A  —  H.  T.  Eddy  of  Cincinnati ;  B  —  John  Trowbridge 
of  Cambridge;  C  —  John  W.  Langlry  of  Ann  Arbor;  D—  R.  H.  Thurs- 
ton of  Hoboken;  B^N.  H.  Wincuell  of  Minneapolis;  F  —  E.  D.  Cope 
of  Philadelphia;  Q— T.  G.  Wormley  of  Philadelphia;  H  — E.  S.  Morse 
of  Salem;  I  —  John  Eaton  of  Washington. 

Permanent  Secretary :  F.  W.  Putnam  of  Cambridge. 

General  Secretary :  Alfrkd  Spkingkr  of  Cincinnati. 

Assistant  General  Secretary:  Edward  S.  Holden  of  Madison. 

Secretaries  of  the  Sections:  A— G.  W.  Hough  of  Ciiicago;  B — N.  D.  C. 
HoDGRS  of  Salem ;  C —  R.  B.  Warder  of  North  Bend ;  D—  J.  Buretft 
Webb  of  Itliaca;  £ —  Eugene  A.  Smith  of  Tuscaloosa;  S* —  C.  E.  Bessey 
of  Ames;  Q— Romyn  Hitchcock  of  New  York;  H— W.  H.  Holmes 
of  Washington ;  I— C.  W.  Smiley  of  Washington. 

Treasurer:  William  Lilly  of  Mauch  Chunk. 

After  announcements  by  the  Local  Committee  the  General  Session  ad- 
journed. 

On  Tuesday  evening  the  Rev.  H.  C.  Hovey  of  New  Haven,  Ct.,  deliv- 
ered an  interesting  lecture,  with  lantern  illustrations,  on  Subterranean 
Scenery  of  the  Great  Caverns  of  the  World,  to  a  fUU  audience  In  Plymouth 
Church.    Dr.  Howland  also  provided  the  lantern  on  this  occasion. 

Wednesday,  August  22. 

The  Association  met  in  General  Session  at  10  a.  m.,  the  President  In 
the  chair. 

The  Gkneral  Secretary  read  a  list  of  eight  persons  recommended  by 
the  Standing  Committee  for  membership  In  the  Association,  and  they 
were  duly  elected. 

The  General  Secretary  announced  that  the  Standing  CoMMrrrEB  had 
adopted  the  following  rule  In  regard  to  papers  presented  for  reading  be- 
fore the  various  Sections.  **  Hereafter  no  paper  will  be  accepted  by  the 
Standing  Committee  for  reading  before  any  of  the  sections,  unless  accom- 
panied by  such  abstract  as  the  writer  deems  ready  for  publication." 

The  report  of  the  "  Committee  on  indexing  the  Literature  of  the  Chem- 
ical Elements"  was  then  read  by  the  General  Secretary.    [See  p.  147.] 
The  Permanent  Secretary  ann^iinced  that  a  lady  member  of  the  Asso- 
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elation  had  that  morning  placed  $150  in  his  hands  for  the  nse  of  the  As- 
sociation. He  said  that  the  same  generous  lady  had  made  a  gift  of  S84K) 
at  the  Ust  meeting,  thus  making  $1000  in  all.  These  gifts  were  condi- 
tioned on  tlic  n on- publication  of  the  name  of  the  donor  during  the  meet- 
ing, and  the  Association  expressed  its  gratitude  to  its  modest  benefactor 
by  a  hearty  round  of  applause. 

The  Pki:sii>ent  annouuced  that  a  popular  lecture  **  On  the  Theory  of 
Evolution  In  Modern  Science,"  would  be  given  by  Prof.  E.  D.  Cope,  at  the 
Church  of  the  Redeemer,  on  Wednesday  evening,  by  request  of  a  namber 
of  citizens  of  Minneapolis. 

The  rc'fjular  business  of  tlie  Session  having  been  completed.  Prof.  E.  T. 
Cox,  addressing  the  Chair,  said : 

In  presenting  the  following  resolution,  I  desire  to  say  that,  only  those 
who  have  had  some  experience  In  providing  for  the  entertainment  of  the 
American  Association  for  the  Advancement  of  Science  can  fblly  anderstand 
the  labor  and  responsibility  which  rests  upon  the  Local  Committee,  and  I 
am  sure  that  all  will  agree  with  me  that  these  duties  have  been  satisfacto- 
rily administered  here  in  this  beautiful  and  marvellously  prosperous  city 
of  Minneapolis.  There  has  been  no  confusion  or  clashing  of  views,  but 
every  cfl'ort  has  been  successfully  directed  to  administer  to  our  wants  and 
make  our  stay  as  pleasant  as  possible.  Most  fully  have  we  enjo^^ed  the 
generous  hospitality  so  heartily  tendered  by  the  Local  Committee  and 
citizens,  and  reiurniug  to  our  homes  will  bear  with  us  an  enduring  mem- 
ory of  their  kind  efforts  in  our  behalf. 

Sesolved,  That  tlie  tlianks  of  this  Association  are  hereby  tendered  to 
the  Local  Committee,  Hon.  Gko.  A.  Pillsbury,  Prof.  N.  H.  WrxcHKLL, 
Dr.  Elliot  and  Mr.  D.  Blakbly,  nnd  to  the  Citizens  of  Minneapolis,  for 
the  very  handsome  and  generous  manner  in  which  they  have  provided  for 
our  comfort  and  convenience,  and  for  the  cordial  reception  which  we 
have  received  at  their  hands. 

The  resolution  was  unanimously  and  enthusiastically  adopted. 

Prof.  Charles  II.  IIitchcook  presented  the  following,  which  was  duly 
endorsed  l>y  the  Association. 

Resolved,  That  the  thanks  of  the  American  Association  for  the  Ad- 
vancement of  Science  Is  hereby  unanimously  tendered  to  the  Regents  of  the 
University  of  the  State  of  Minnesota  for  the  use  of  their  buildings  and 
the  appliances  connected  therewith  for  the  meetings ;  also  to  the  Presi- 
dent, Dr.  FoLWKLL,  for  his  constant  effort  to  promote  the  success  of  our 
gatherings,  and  to  the  other  officers  of  the  institution,  and  especially  to 
Mr.  Callow,  the  Janitor  and  carpenter,  for  his  many  kind  attentions  to 
the  ofllcers  and  members. 

Principal  Dawson,  of  Montreal,  after  a  complimentary  allusion  to  Min- 
neapolis and  Lake  Mlnnetonka,  offered  a  resolution  of  thanks  to  Hon.  W.  D. 
Washburn  and  the  Minneapolis  &  St.  Louis  Railroad  Company  for  the 
excursion  to  the  lake,  which  he  characterized  as  one  of  the  pleasant 
events  in  the  hlstoiy  of  the  Association.  He  said  the  visit  to  the  Nortli- 
west  had  been  a  revelation  to  most  of  the  members,  who  found  tiiat  they 
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had  very  Inadequate  and  unworthy  conceptions  of  the  great  and  growing 
section. 

Dr.  T.  Stsrry  Hunt  complimented  the  citizens  of  Minneapolis  and  of  St. 
Paul  on  the  liberality  of  their  railroad  companies,  and  moved  a  vote  of 
thanks  to  Gren.  W.  D.  Washburn  for  the  use  of  the  steamer  St.  Louis  for 
the  excursion  on  Lake  Mlnnetonka  and  to  all  the  companies  who  had  ex- 
tended so  many  and  so  acceptable  favors  to  the  Association.  He  intended 
to  include  all  the  companies,  but  there  were  so  many  of  them  that  he 
would  crave  pardon  for  not  knowing  all  their  names.  Dr.  Hunt  made 
several  complimentary  allusions  to  St.  Paul  and  warmly  thanked  the  citi- 
zens for  the  reception  tendered  by  that  city. 

The  vote  of  thanks  was  unanimously  given. 

Dr.  Stephen  D.  Peet  made  a  happy  allusion  to  the  race  between  elec- 
tricity and  thought,  which  had  been  brought  on  by  the  wonderful  achieve- 
ments in  the  **  chaining  of  lightning,"  and  concluded  by  offering  a  vote  of 
thanks  to  the  Telegraph  and  Telephone  companies  for  their  contributions 
to  the  convenience  of  the  members. 

The  vote  was  heartily  given. 

Prof.  C.  V.  Riley,  after  some  complimentary  remarks  In  regard  to  the 
ability  and  vigor  of  the  whole  press  of  the  cities  of  Minneapolis  and  St. 
Paul,  and  of  the  accuracy  manifested  in  their  printed  reports  of  this 
meeting,  presented  the  following  resolution  which  was  unanimously 
adopted. 

Iteaolved,  That  the  thanks  of  the  Association  are  especially  due  to  the 
Tribune  of  Minneapolis  and  the  Pioneer  Press  of  St.  Paul  for  the  care- 
fdlly  prepared  reports  they  have  made  of  the  several  proceedings  of  this 
meeting  and  of  the  papers  read  In  the  different  sections ;  and  to  all  the 
newspapers  of  both  cities  for  the  efforts  they  have  put  forth  In  the  service 
of  the  Association,  In  forwarding  its  work  and  In  making  Its  session  In 
Minneapolis  alike  profitable  and  agreeable. 

The  Permanent  Secretary  announced  that  the  Standing  Committee 
had  voted  copies  of  the  proceedings  and  papers  to  each  of  the  academies 
of  science  In  Minneapolis  and  St.  Paul,  to  complete  their  series. 

Mr.  D.  Blaeely,  of  the  Local  Committee,  announced  that  the  St. 
Paul  and  Duluth  Railroad  Company  and  the  corporation  of  Taylor's  FaUs 
would  give  a  free  excursion  and  entertainment  to  such  memliers  of  the 
Association  as  might  wish  to  see  the  Dalles  of  the  St.  Croix.  A  large 
number  of  the  members  expressed  their  desire  to  accept  the  Invitation. 
On  motion  of  Dr.  T.  Sterry  Hunt  the  Association  passed  a  vote  of  thanks 
to  the  St.  Paul  and  Duluth  Railroad  Company,  and  to  the  citizens  of  Tay- 
lor's Falls,  for  their  generous  Invitation. 

Mr.  George  A.  Pillsbury,  chairman  of  the  Local  Committee,  thanked 
the  Association  for  the  expressions  of  gratitude  and  appreciation.  He 
said  he  hardly  thought  the  Committee  deserved  the  compliments  that  had 
been  showered  upon  them.  He  could  say,  however,  that  It  had  afforded 
Minneapolis  real  pleasure  to  have  the  honor  of  entertaining  the  Asso- 
ciation, and  that  it  had  been  the  intention  of  her  citizens  to  make  every 
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possible  provision  for  the  proper  reception  of  the  dlstingoUhed  guests. 
Wo  feel  that  we  hare  failed  to  fulfil  our  desire  and  yoar  expectations. 
There  has  been  some  friction  and  misunderstanding,  and  moreorer  our 
business  men  have  been  so  occupied  with  their  pressing  enterprises  that 
they  have  not  had  time  to  give  to  the  meetings  the  attention  they  deserved 
and  would  otherwise  have  received.  We  have  had  no  jealous  feeling  to- 
ward St.  Paul  and  would  greatly  regret  that  any  suspicion  of  a  manifesta- 
tion of  a  bitter  and  unwarranted  rivalry  should  have  been  aroused.  The 
two  cities  arc  really  one.  Minneapolis  is  proud  of  St.  Paul  and  rejoices 
at  her  prosperity. 

Mr.  Plllsbury  alluded  to  the  many  important  matters  that  are  now  en- 
grossing the  attention  of  Mlnneapolitans,  mentioning  especially  the  new 
Sault  Ste.  Marie  railroad  project.  He  said  Minneapolis  was  thoroughly 
in  earnest  in  this  matter  and  was  bound  to  accomplish  the  end  sought. 
He  concluded  by  calling  on  Dr.  Wm.  W.  Folwcll  to  respond  fhrther  to  the 
resolutions  offered. 

Professor  Folwell  said  on  behalf  of  the  Regents  and  Faculty  of  the 
University,  that  they  had  simply  been  glad  and  proud  of  the  opportunity  of 
placing  the  buildings,  library  and  collections  at  the  disposal  of  the  Asso- 
ciation. They  would  be  content  to  have  every  plank  in  the  floors  worn  out 
by  the  tread  of  the  members'  feet.  To  be  worn  out  in  good  service  is  the 
true  end  of  men  and  materials.  He  spoke  of  the  falthfbl  labors  of  Profes- 
sor N.  H.  Winchell  upon  whom  as  Secretary  of  the  Ijocal  Ck>mmlttee  had 
necessarily  fallen  the  main  burden  of  making  the  arrangements  for  the 
meeting,  and  remarked  upon  the  fine  sense  of  the  mover  of  the  resolution, 
in  recognizing  the  valuable  services  of  the  '*  professor  of  dost  and  ashes,** 
Mr.  Gallow,  on  whose  behalf  he  begged  to  return  thanks. 

He  begged  the  members  not  to  regard  him  as  speaking  these  last  words 
in  a  mere  formal,  mechanical  fashion.  During  this  session  many  former 
friendships  had  been  cemented,  many  new  ones  formed.  All  human  rela- 
tions are  vaiu  and  weak  except  so  far  as  they  rest  on  a  basis  of  true  friend- 
ship. Hereafter  the  people  of  Minneapolis  would  remember  the  members 
of  this  Association,  not  merely  as  a  body  of  great  astronomers,  biologists, 
chemists  and  geologists,  but  as  a  congregation  of  their  warm-hearted 
happy  friends.  His  parting  woixis  In  their  behalf  then  were  simply,  **  Dear 
friends,  good-bye." 

Prof.  N.  II.  Winchell  was  called  for  and  responded  briefly,  expressing 
gratitude  for  compliments  and  saying  that  he  hoped  the  Association  felt 
what  it  had  formally  said,  that  the  meeting  had  been  a  success.  He 
invited  the  Association  to  meet  In  Minneapolis  again  after  twenty-five 
years,  as  it  did  at  Montreal,and  promised  them  that  they  would  see  a  city 
of  1,000,000  inhabitants  and  the  University  grounds  covered  with  costly 
buildings. 

Gen.  Nettlbton  followed  Prof.  Winchell  with  a  word  upon  the  relation 
of  journalism  and  science.  He  said  he  didn*t  know  how  the  men  of 
science  would  get  the  results  of  their  researches  before  the  public, were 
it  not  for  the  press,  which  presents  them  to  its  great  audience  in  interest* 
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\ngy  popular  form.  The  newspaper  doubtless  gives  some  misinformation 
in  connection  with  a  great  deal  of  information,  but  It  must  be  credited 
with  doing  valuable  service  to  science.  He  commented  upon  the  refer- 
ence made  by  a  member  to  the  cosmopolitan  character  of  the  newspapers 
of  the  Northwest,  and  explained  it  by  the  fact  that  the  thinking  people 
who  had  settled  here  would  not  tolerate  any  journalism  such  as  is  apt  to 
be  found  In  new  sections.  IIo  said  it  seemed  out  of  place  for  one  who 
did  not  know  a  triloblte  from  a  hypothesis  to  attempt  to  address  such  an 
audience  in  any  capacity,  and  concluded  by  emphasizing  the  remarks 
made  as  to  the  honor  which  Minneapolis  felt  had  been  conferred  upon  her 
by  the  assembling  here  of  the  American  Association  for  the  Advancement 
of  Science. 

Mr.  D.  Blakkly  of  the  Local  Committee  warmly  endorsed  what  his 
predecessors  had  said  about  the  feeling  of  the  citizens  of  Minneapolis. 
He  said  St.  Paul  and  Minneapolis  were  one  and  indivisible,  like  the  states 
of  the  Union,  and  each  ought  to  glory  in  the  prosperity  of  the  other.  He 
invited  the  association  to  come  again,  and  predicted  that  the  members 
would  hardly  know  the  twin  cities.  This  city  will  then  be  a  Philadelphia, 
and  be  able  to  extend  you  such  a  welcome  as  you  expect  to  get  next  year. 

Mr.  TnoMAS  Lowry,  President  of  the  Street  Railway  Companies,  res- 
ponded to  the  resolutions  thanking  the  companies  under  his  direction,  in 
a  humorous  speech  In  which  he  alluded  to  the  rarity  of  thanks  received 
by  the  management  of  street  railways,  for  In  his  experience  complaints 
were  the  rule  and  were  presented  with  the  highest  zeal,  while  thanks 
were  the  exception  and  most  highly  prized. 

The  President  said  that  the  time  for  closing  the  sessions  of  the  thirty- 
second  annual  meeting  of  the  Association  had  arrived ,  and  he  accordingly 
pronounced  the  Association  adjourned  to  meet  In  1884  In  Philadelphia. 

Tlie  last  excursion  In  connection  with  the  Minneapolis  meeting  was 
made  on  August  24,  by  about  two  hundred  and  forty  members  and  friends 
to  Taylor's  Falls  for  a  view  of  the  Dalles  of  the  St.  Croix  River.  The  St. 
Paul  and  Duluth  R.  R.  Co.  offered  the  courtesies  of  their  road  and  the  at- 
tention and  zeal  of  the  officials  of  that  Company,  and  the  cordial  hospi- 
tality of  the  citizens  of  Taylor*s  Falls  combined  to  make  the  excursion  a 
fitting  close  to  the  enjoyable  entertainments  so  fhlly  extended  to  the 

members  of  the  Association. 

J.  R.  Eastman, 

Oeneral  Secretary. 

Note. 

By  accident  the  following  paragraph  was  omitted  from  the  Report  of 

the  General  Secretary  for  the  Montreal  Meeting: 

Major  L.  A.  Huguet  Latour,  M.A.,  N.P.,  of  Montreal,  was  received  at 

the  Montreal  Meeting  as  a  duly  accredited  delegate  ftom  the  ^iXoXoyty.,^ 

soXkoyoq  napvoffffo^  (Literary  Society,  «♦  The  Parnaasuay 

This  Society  has  sent  to  the  Association  thirteen  scientific  books, 

written  by  several  of  its  members. 

JRermanenl  Seentary, 
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For  the  third  time  the  Association  has  held  a  meeting  on  the  western 
side  of  the  Mississippi,  tlius  acknowledging  the  claims  of  the  western 
members  and  giving  its  aid  to  their  efforts  for  the  progress  of  science. 
As  was  expected,  Iiowevcr,  the  great  distance  of  Minneapolis  from  the 
homes  of  the  majority  of  the  members,  and  the  lack  of  concessions  in  fares 
on  the  part  of  most  of  the  railroad  companies,  made  it  impossible  for  many 
of  the  members  to  attend  the  meeting,  and,  although  the  register  shows 
the  number  in  attendance  to  be  twice  that  at  Dubuque  or  St.  Louis,  it  was 
by  far  the  smallest  attendance  at  nuy  meeting  of  late  years. 

While  it  must  be  admitted  that  all  parts  of  the  country  have  claims 
upon  the  Association  which  should  be  respected,  the  question  of  greatest 
good  to  the  cause  for  which  it  was  founded  should  be  carefully  considered 
in  accepting  invitations  from  places  ftir  away  from  the  residences  of  the 
majority  of  the  members;  not  that  large  numbers  are  essential  to  a  suc- 
cessful meeting  if  the  working  members  and  those  to  whom  we  look  for 
guidance  and  encouragement  in  scientific  efforts  are  present.  In  this  last 
respect  the  Minneapolis  meeting  was  a  success  and  the  good  Influence 
which  the  meeting  exerted  upon  the  young  institutions  of  the  rapidly 
growing  city  is  not  to  be  questioned,  wLilo  the  encouragement  it  gave  to 
the  workers  in  science  in  the  great  Northwest  was  unquestionably  grati- 
fying to  them:  The  only  problem  to  be  studied,  suggested  by  the  late 
meeting,  is  how  to  bring  about  a  proper  appreciation  of  the  work  of  the 
Association  on  the  part  of  the  managers  of  the  great  railroad  lines  of  the 
country,  by  which  half  rates  of  fare  can  be  secured  for  all  Aiture  meetings ; 
a  concession  which  it  seems  probable  would  be  granted  if  the  managers 
of  the  railroads  fully  understood  the  character,  objects,  and,  above  all  to 
them,  the  important  influence  which  the  meetings  of  the  Association  have 
on  the  development  of  the  natural  resources  of  the  country  and  In  uniting 
the  people  into  a  strong,  codperative  nationality.  The  recent  railroad 
arrangements  and  liberal  government  grants  made  by  Canada,  in  connec- 
tion with  the  coming  meeting  of  the  British  Association  at  Montreal, 
show  that  these  points  are  appreciated  by  the  Canadian  authorities,  and 
it  seems  hardly  possible  that  they  should  not  be  understood  on  this  side 
of  the  border.  With  the  great  distances  to  be  travelled  in  this  country, 
it  is  evident  tliat  in  order  to  give  the  whole  country  the  benefit  of  the 
influences  of  the  Association  the  sclentiflc  workers  should  be  able  to 
attend  the  meetings  without  too  great  a  drain  on  their  limited  means. 

The  register  of  the  Minneapolis  meeting  contains  828  names  of  persons 
regularly  in  attendance  at  the  meeting,  as  follows :    From  Minnesota  60, 
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IlliDois  88,  Ohio  29,  New  York  29,  Missouri  28,  Massachosetts  21,  District 
of  Columbia  20,  Iowa  18,  Penosylvanla  17,  Wisconsin  11,  Indiana  8,  Michi- 
gan 7,  New  Jersey  6,  Canada  6,  Connecticut  4.  Maryland  4,  Kentucky  4, 
Kansas  4,  Louisiana  8,  New  Hampshire  2,  Vermont  8,  Texas  2,  Nebraska 
2,  Rhode  Island  1,  Delaware  1,  Tennessee  1,  Missl^isippi  1,  Alabama  1, 
Dakota  1,  Oregon  1,  b  828. 

One  hundred  and  eighty- six  persons  were  elected  members,  of  whom 
one  hundred  and  twenty-nine  have  accepted  and  paid  their  fees,  two  hare 
declined,  and  fifty-fire  have  not  yet  replied  to  notices  sent  them. 

Fifty-nine  members  were  made  fellows,  of  whom  all  bat  eight  hare 
accepted. 

Since  the  list  was  printed  in  the  Montreal  volume,  notice  has  been 
received  of  tlie  death  of  20  members.  The  names  of  these,  inclndiag 
one  original  member  and  past  president,  are  given  on  p.  476.  Since  the 
Minneapolis  meeting  two  other  past  presidents  have  died  : — Dr.  J.  L.  Le- 
Contc  and  Dr.  J.  Lawrence  Smith.  Since  the  Montreal  list  22  members 
have  resigned  and  2  have  been  dropped  from  the  list  on  account  of  arrear- 
ages. During  the  same  period  11  names  have  been  restored,  and  one 
patron  has  been  added  to  the  list. 

The  total  number  of  names  now  on  the  roll  of  members  and  fellows  is 
2023,  a  gain  of  101  since  the  Montreal  volume  was  printed. 

With  tlic  exception  of  the  vice  president  elect  of  Section  D,  and  the 
secretaries  elect  of  Sections  B,  D,  and  I,  all  the  officers  were  present,  as 
were  also  three  past  presidents. 

The  presidential  address,  and  the  addresses  of  six  vice  presidents  de- 
livered at  the  meeting,  are  printed  in  this  volume.  The  address  of  vice 
president  of  Section  I  delivered  at  the  Montreal  meeting  is  also  printed 
in  this  volume. 

One  hundred  and  sixty-eight  papers  were  considered  by  the  Standing 
Committee ;  of  these  three  were  given  as  public  evening  lectures  witU 
lantern  pictures,  two  were  delivered  in  morning  general  sessions,  foar 
were  not  accepted,  and  one  hundred  and  fifty- nine  were  referred  and  read 
in  the  several  sections  as  follows :  A  28,  B  19,  C  12,  D  7,  E  85,  F  30,  6  0, 
H  23, 1  10. 

Twenty-four  hundred  and  sixty-two  copies  of  the  Montreal  volume  were 
printed  from  the  stereotype  plates  and  of  these  1783  have  been  dis- 
trii)uted  as  follows : 

To  members  who  have  paid  the  Montreal  assessment       .        •  1500 

Sold 25 

Distributed  by  order  of  the  Standing  Committee  and 

for  exchanges             208 

Total  number  distributed  to  date       •        .        .       1783 

Eve  17  effort  has  been  made  to  get  the  present  volume  through  the  press 
before  June  1,  the  date  assigned  by  the  Standing  Committee  for  its  pob- 
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llcatlon,  and  the  gain  in  time  over  that  of  prevlons  years  leads  to  the  hope 
that  the  new  role  of  the  Committee  requiring  that  an  abstract  ready  for 
printing  in  the  volnme  shall  be  received  by  the  Committee  before  a  paper 
can  be  referred  to  a  Section  for  reading,  will  make  possible  the  still  earlier 
publication  of  future  volumes. 

The  statement  of  the  receipts  and  expenditures  for  the  year  covering  the 
Montreal  meeting,  and  closing  Just  previous  to  the  Minneapolis  meeting, 
is  given  in  the  cash  account  on  the  following  pages.  The  general  fUnds 
of  the  Association  remain  as  given  in  the  last  account  with  the  addition 
of  9150.00  to  the  Life  Membership  Fund,  and  the  additional  gift  of  $150.00 
to  the  Reprinting  Fund  flrom  Mrs.  H.  Herrman, 

HespectAilly  submitted  to  the  Association, 

F.  W.  Putnam,  Permanent  Secretary, 

Salem,  Mass.,  May  14,  1884 
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F.  W.  PUTNAM,  PERMANENT  SECBETABT, 

Dr.  The  American  Association  fob 

1882-8. 
To  Balance  flrom  last  accoant  #808  57 

Assessments  preyloas  to  81st  Meeting:     .    .  #657  00 

"  for  "    Meeting     .    .         2,729  00 

<«  *«  82(1  Meeting     .    .  1,209  00 

4,595  00 

Admission  fees  previous  to  8l8t  Meeting     .  10  00 

**            •*    8lst  Meeting 1,005  00 

««             *«    82d         "             60  00 

Fellowship  fees 184  00 

1,259  00 

Publications  sold  and  binding 117  53 

Electrotypes  of  cuts 1  70 

Clerical  Kcrvlccs 5  00 

Postage,  express,  and  discount  on  checks    .  1  49 

125  72 

General  Fund,  Estate  of  Wm.  S.  Yaox  late 

Treasurer 84  67 

Interest  to  date 4  28 

88  90 

Life  membership  commutations      ....  850  00 

Estate  of  Wm.  S.  Yaux,  late  Treasurer  •    •  56  00 

Interest  to  date 78  00 

479  00 

Beprlutlng;  gift  of  members 850  00 

Interest  to  date 46  30 

896  80 


18,252  49 
Salem,  Mass.,  August  6,  1883. 

I  have  examined  the  above  accotuit  and  And 
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IN  ACCOUNT  WITH 

THB  Adyakcbmbnt  ov  Sciencb.  Of. 

1882^. 

By  2500  copies  Proceedings,  Vol.  81,  Montreal  Meeting : — 
Composition,  stereotyping  and  boxes  for  plates  $1,445  98 

Illustrations      .    .    .    .    , 6  19 

Paper  and  press- work ,    .    .    .     1,682  83 

Covers,  two  parts 50  00 

Binding,  2430  copies  in  paper,  two  parts     .    .       583  20 
<<    20  half-morocco,  20.00 ;  50  in  cloth,  25.00         45  00 

Making  25  cloth  covers  extra 5  00 

Extra  copies  of  addresses,  etc 72  68 

Printing  wrappers  and  wrapping        .    .    •    .         22  25 


Expenses  of  Montreal  Meeting       .....  258  03 
600  copies  Montreal  list  of  Members,  constita- 

tion,  etc 84  80 

Printing  for  special  committee 83  74 

8000  envelopes  for  special  circulars     •    •    .    •  9  75 

Printing  circulars,  blanks,  cards,  etc.      •    •    •  186  55 

Extra  clerk  hire  and  labor 16  59 

Travelling  expenses  Ass't  Sec*y 2  60 

Publications  bought,  and  binding 10  95 

Postage,  postal  cards,  stamped  envelopes    .    .  275  44 

Express,  69.51;  Telegraph  and  Telephone,  1.10  70  61 

Post  Office  Box  to  Oct.  1, 1883 8  00 

Postal  Guide 1  50 

Minor  office  expenses 84  24 

Rent  of  office  to  July  1,  1883 100  00 

Janitorto  July  1,  1883       6100 

Enel 19  50 

Salary  of  ABsistant  Secretary 500  00 

Salary  of  Permanent  Secretary       1000  00 


(3,913  18 


1,178  30 


1,500  00 


Plate  for  reprint  Nashville  voL 6  40 

Beprinting  ftind 889  90 

896  80 

General  ftind 88  90 

Life  Membership  ftind 479  00 

Balance  to  new  account 201  86 


$8,252  49 


the  same  correctly  cast  and  properly  voached* 

HsNBT  Whbatland,  AudUor. 

▲.  A.  A.  s.,  VOL.  xxxn.  32 
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